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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

rnational co-operation on all questions concerning standardization in the electrical and electronie fiel
end and in addition to other activities, IEC publishes International Standards, Technical~Specific

national electrotechnical committees (IEC National Committees). The object of IEC is_to ,promote

fis. To
tions,

Tdchnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as| “IEC

rested

in|the subject dealt with may participate in this preparatory work. International, govefnmental andq non-

ernmental organizations liaising with the IEC also participate in this preparation. |[EC collaborates glosely

with the International Organization for Standardization (ISO) in accordance with\eonditions determined by

tional
bm all

tional
bf IEC

Pdblications is accurate, IEC cannot be held responsible forlthe way in which they are used or fgr any

Inforder to promote international uniformity, IEC National*Committees undertake to apply IEC Publidations
trgnsparently to the maximum extent possible in theirjational and regional publications. Any diverngence
beftween any IEC Publication and the corresponding national or regional publication shall be clearly indicdted in

latter.

essment services and, in some areas, accéss to IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certification bodies.

All users should ensure that they have the latest edition of this publication.

Nq liability shall attach to IEC or its(directors, employees, servants or agents including individual exper
mgmbers of its technical committe€s,;'and IEC National Committees for any personal injury, property dam

itself does not provide any attestation of conformity. Independent certification bodies provide confprmity

br any

s and
hge or

other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeg) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othgr IEC

Pyblications.

Attention is drawn to theyNormative references cited in this publication. Use of the referenced publicati
indispensable for the"correct application of this publication.

Atjention is drawn\to the possibility that some of the elements of this IEC Publication may be the sub
paent rights. [ECshall 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 cha

tothe previous edition. A vertical bar appears in the margin wherever a ch

bns is

ect of

nges
ange
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2016

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

Full i
ther

This

A list of all parts in the IEC 60404 series, published under the general title Mag

mate

The
stabi
the s

—

€

W

reg

a

A bili

ext of this standard is based on the following documents:

CbhV Report on voting
68/533/CDV 68/555/RVC

nformation on the voting for the approval of this International Standard can be fou
eport on voting indicated in the above table.

document has been drafted in accordance withhé& ISO/IEC Directives, Part 2.

rials, can be found on the IEC website.

ity date indicated on the IEC website under "http://webstore.iec.ch" in the data relat
pecific document. At this dateithe document will be

confirmed,

ithdrawn,

placed by a revised edition, or

mended.

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

nd in

netic

tommittee has decided that the contents of this document will remain unchanged untjil the

ed to

IMP — The “colour inside” 1ogo on the cover page o is 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 $cope-and-objeet
This part of IEC 60404 is intended to classify commercially available magnetic materials.

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

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

n

pft magnetic materials (coercivity <1 000 A/m);

=2

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

Within these main groups, the classification whén vappropriate recognizes the follqwing
characteristics:

o the main alloying element and the metallurgical state and physical properties of the
naterial;

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

A clgssification by specific areasw«6f application cannot be applied to all materials bedause
diffelent 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
contgnt constitutes requirements of this document. For dated references, only the edition
cited|applies( For undated references, the latest edition of the referenced document (incldiding
any gmendiments) applies.

IEC 60050

IEC 60050-151:4978, International Electrotechnical Vocabulary — Part 151: Electrical and
magnetic devices

IEC 60050-221:4990, 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
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IEC 60404-2:4996, Magnetic materials — Part 2: Methods of measurement of the magnetic
properties of electrical steel sheet and strip by means of an Epstein frame

IEC 60404-3:4992, 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 40404 6:1986, Magnetic materials — Part 6: Methods of measurement of the magnetic
propgrties of-isetropic-nickel-iron-soft-magnetic-alloystypesE1-E3-and-E4 magnegtically soft

metallic and powder materials at frequencies in the range 20 Hz to 200 kHz by the, use of ring
specimens

IEC §0404-7:4982, Magnetic materials — Part 7: Method of measurement, of the coercivjty of
magnetic materials in an open magnetic circuit

IEC 60404-8-1, Magnetic materials — Part 8-1: Specifications\(for individual materials —

Stanflard-specificationsfor Magnetically hard materials

IEC $0404-8-3:1998, Magnetic materials — Part 8=3: Specifications for individual materials —
Coldirolled electrical non-alloyed and alloyed *steel sheet and strip delivered in the $emi-
proceéssed state

IEC $0404-8-4:1998, Magnetic materials;> Part 8-4: Specifications for individual materials —
Coldirolled non-oriented electrical steel'strip and sheet delivered in the fully-processed sflate

IEC $0404-8-5:1989, Magnetic -materials — Part 8: Specifications for individual materials —
Section Five: Specification forsteel sheet and strip with specified mechanical propertie§ and
magnetic permeability

IEC 60404-8-6:14999,.\Magnetic materials — Part 8-6: Specifications for individual materigls —
Soft magnetic metallic materials

IEC 60404-8¢7:1998, Magnetic materials — Part 8-7: Specifications for individual materigls —
Coldirolled-grain-oriented electrical steel strip and sheet delivered in the fully processed $tate

IEC $0404-8-8:1991. Magnetic _materials — Part 8: Specifications for individual materipls —
Section 8: Specification for thin magnetic steel strip for use at medium frequencies

IEC 60404-8-9:14994, Magnetic materials — Part 8: Specifications for individual materials —
Section 9: Standard specifications for sintered soft magnetic materials

IEC 60404-8-10:4994, Magnetic materials — Part 8-10: Specifications for individual materials —
Specificationfor Magnetic materials (iron and steel) for use in relays

IEC 60404-10:4988, 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 |EC 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:

e |EC Electropedia: available at http://www.electropedia.org/

QO I et LL . Lol
o P$U UIIIIIIU UIUVVDIIIH pldLIUIIII dVdIIdU C dlt TTpP.77wWww.T1oU.UTYruupP

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

4.1 Class A —Irons
411 General Reference documents ‘
Theske materials are covered by IEC 60404-8-6 and IEC 60404-8-10-

4.1.2 Chemical composition

The |pasic constituent of these materials is pure iron, and they are often referred io as
"commercially pure" or "magnetically soft" irons. The€,material also contains unavoiglable
impurities that may affect magnetic properties.—Elements The amount of impurities| that
advefsely affect the remanence, coercivity, saturation, magnetic polarization and stabiljty of
the mpagnetic properties are-centreled limited to produce the required magnetic propertigs for

the proposed application.-Fhe-amounts-of the-most significant-elements,—otherthan-iron—when
bre presentin these materials are characteristically within the ranges of table 1.

they |
Table 1 — R £ ol ical it
c Si Mn P s Al T v
% % %. % % % % %
Yp-te Ypte 6:03 to Yp-te Yp-te Ypte Yp-te Yp-te

For information\the most significant impurities when they are present in these materialg are
carbgn (up-t0-0,03 %), silicon (up to 0,1 %), manganese (up to 0,2 %), phosphorus (Yip to
0,01% %),._sulphur (up to 0,03 %), aluminium (up to 0,08 %), titanium (up to 0,1 %) and
vanafiufyr (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:

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

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

e 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."cogrcivity
measyred after heat treatment according to the requirements of the product standard or the recommendatipns of
the manufacturer.

Randes of specified values for the above-mentioned magnetic charactgristics in the|fully
procgssed state are-as-shown-intable-2 given in the corresponding product specificationg.

Maximum Minimum-magnetic polarizationfor Souention
200 e Sob e 00 Sl polarization*
Alm T T T T
12-t0-240 1,30-t0-1-15 140-t0-1-30 1,60 2:10-t0-2-16
. i ical

4.1.6 Main applications

The main applications are in DC relays, loudspeakers, electromagnets, magnetic clut¢hes,
brakes, parts for magnetic circuits\in instruments and control apparatus, as well as for| pole
piecgs and other DC parts for generators and motors.

4.2 Class B — Low carbon mild steels
4.21 Class B1 --Bulk material
4.2.11 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 1ISO 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.

4.21.4 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:

e magnetic: magnetic polarization at various values of magnetic field streng

e mechanical: yield strength (or 0,2 % proof stress) elongation (L, = 5

freedom from defects;

e metallurgical state: hot- or cold-worked, annealed to produce required mag

characteristics.

th;
dO)v

netic

MecH
stang

properties in accordance with IEC 60404-4.

Rang
corrg

anical and non-destructive tests are made in accordance with the appropriatezJ ISO

ards. Coercivity shall be measured in accordance with IEC 60404-7, other .ma

es of typical values of magnetic and mechanical properties are given. in—table—
sponding product specification.

netic

8 the

4.2.1

The
exan

4.2.2

4.2.2(

Thes|

4.2.2

The
with
many

.6 Main applications

materials are used for large DC magngis where no mechanical strength is require
ple, in deflection magnets in elementary particle physics and for relay applications.

Class B2 - Flat material
1 General Reference documents

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

.2 Chemical ‘composition

basic constituent of these materials is iron containing unavoidable impurities, tog
a low level~of other elements which may arise from additions necessitated durin
facturingprocess. The amount of alloying elements is limited to that of non-alloy stg

anne

defian im ISO 4948-1, in particular silicon is less than 0,5 %. These materials can hay

lingtreatment after punching to enhance their magnetic properties.

i, for

bther
j the
el as
e an

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 no

4.2.2

rmal industrial power frequencies or (for relay application) on the coercivity.

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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5 Physical characteristics

2016

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

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

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

e 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
loss ¢

recommendations of the manufacturer.

e d|mensions: thickness, width and (as required) length.

Recdmmended nominal thicknesses for the cold-rolled materials are«8:47—mm—0;50
0,65 mm-and-1;0-mm given in the corresponding product specifications,

Magnetic measurements are made in accordance with IEC'60404-2, |EC 60404-
IEC $0404-7.

Randes of specified values of maximum specific total loss,’after annealing, for the comn
used|thicknesses are also shown in-table4 the correspending product specifications.

The 3

4.2.2(

The

For material delivered in the hard or semi-processed state, subclassification is based on the totals
r coercivity measured after heat treatment according to the requirements of the product’stahd

thmkness“a"““al Frequeney tetAaHossﬁat
J=45F
mm Hz Wkg
0,65 50 8;0-to-12.0

pecified maximum value of coercivity for relay material ranges from 40 A/m to 240 A

6 Main applications

materials are used in the manufacture of laminated cores for electrical apparatus

espe

becific
ard or

nonly

and

cially small machines and for relay applications.

4.3
4.3.1
4.3.1

Class C - Silicon steels
Class C1 — Bulk material

A 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
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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 coercivily and the electrical resistivity forwhichranges—are given - tajle-5,
a mofe complete definition of these materials can be based on the following characteristigs:

e magnetic: saturation magnetic polarization, magnetic polarization—fg+r at
various values of magnetic field strengths, remanent magnetic
polarization;

e mechanical: machinability, ductility, hardness;

e metallurgical state: hot- or cold-worked, annealed to produce required magnetic

characteristics.

4.3.1.6 Main applications

The main applications are for thevmagnetic 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.-Isotropic! (non-oriented) steels for use at power frequencies
4.3.2(1.1 General Reference documents

Thesge 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 12— Chemicatcomposition

The basic constituent of these materials is iron. The main alloying element is silicon, whose
content may be-between0,5-% 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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1.3 Basis of subclassification

2016

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

frequ

encies.

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

r the

4.3.21.4 Available forms

Thesp materials are normally supplied in the Torm 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 matg¢rials

can hje based on the following characteristics:

e magnetic: magnetic polarization at various values of magnetic field strepgth,
specific apparent power for different values of magnetic polariziation
anisotropy of loss;

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

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

e netallurgical state: ~ hard state, i.e. as cold rolled semi-processed state, i.e. annealgd or
annealed and temperrolled; fully-processed state, i.e. |final
annealed;

NOTE| For material delivered in the hard or semi-proecessed state, the subclassification is based on the specific

total losses measured after heat treatment according to the requirements of the product standard ¢r the

recommendations of the manufacturer.

e d|mensions: thicknessgwidth and (as required) length.

The yalues of nominal thickness-rermaly—recommended—are—0,35—mm—0-47mm—050{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

dens|ty values to be used for magnetic measurements should be as defined in the rel¢vant

produict standard.tn.other cases, the density values should be the subject of agreement.

Rang
thick

es of specified values of specific total loss, after final annealing, for four commonly
nesses-are shown in-table-6 the corresponding product specifications.

used

o
Nominal g f
Frequency total loss-at
thickness -
~+=1,5T
mm Hz Wikg
0,50 50 2.5t0-10
0,65 50 34to10
1,00 50 6;0-to-13
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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 - Anisotropic?2 (oriented) steels for use at power frequencies
4.3.2.21 General Reference documents

Thesp-m ials—are—co

The pasic constituent of these materials is iron and the main alloying element is sjlicon

may arise from additions necessitated during the manufacturing precess. This type of
magnetic material possesses anisotropic properties (orientation) such™ that the dirgction
parallel to the axis of rolling shows the lowest values of specific totalNosses and the highest
permieability. These properties are sensitive to mechanical treatment, and stress felief
annepling may be used to optimize the inherent properties.

4.3.2.2.3 Basis of subclassification
The |recommended subclassification is based onhe perfection of crystal orientation
exprg¢ssed by the magnetic polarization for a magnétie’ 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
meagured at magnetic polarization values of 1,5Tor 1,7 T and at power frequencies.

4.3.2.2.4 Available forms

Thesg materials are normally suppliedin the form of cold-rolled coils or sheets having an
inorg@anic insulating coating.

4.3.2.2.5 Physical characteristics

In addition to the perfection of crystal orientation and to the values of specific total lo
morel complete definition;of these materials can be based on the following characteristics

12
»
Q

e njagnetic: magnetic polarization at various values of magnetic field strength;

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

¢ mechanical: ductility, surface condition and finish, stacking factor, flatness, ledge
camber;

e mletallurgical state: annealed and fully recrystallized;

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

The values of nominal thickness normally used are:0:23-mm;—0:27mm;—0:30-mm-—-and-0,35

Magnetic measurements are made in accordance with IEC 60404-2 or IEC 60404-3. The
density used for calculations is normally 7,65 kg/dm?® 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-table7 the corresponding product specifications.

P— , |M R "
‘ Maximum-specific total-loss-at
=177 J=17T
0.23 1.20 t0-4.27 1,57 t0-1.65 0.90-to-1.00 124 t0-4.32
0.27 1.30-t0-1.40 1.68t0-4.85 1.03 t0-4.40 1.35t0-1.45
0.30 1,40 t0-1.50 1.83 t0-1.98 1.05t0-4.47 1.38 to- 1.5
0.35 1.50-t0-1.65 1.9810-2.48 4.25t04.35 16440 N T7

In addition, materials which are not yet specified in IEC 60404-8-7 (are available;—with-the

b - fined ial
Nominal Maxi ” 1
thleltness aOf=177T
50 Hz 60-Hz
AR Wkg
0,23 Cloednn R
027 0,85t0 0,95 e e

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 €23 — Thin silicon steels
4.3.2.3.1 General Reference document

Theske 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:

e magnetic: magnetic polarization-fer-different at various values of-the mag
field strength;

e electrical: type of surface insulation and Its resistance, resistivity;

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

o metallurgical state: annealed and fully recrystallized;

e d|mensions: thickness, width and (if required) length.

The !:agnetlc propertles are determmed in accordance with IEC 60404-10 and;-execeptig

the test specimens-which-have-beenanngaled

ir—ad
the s

4.3.2

Thes|

n intable-9 the corresponding product specification.

Maxi ¥
Nominal 7 =
Type totallossat- J =
thlelcnecs o Frequency
mm WLfee Hz
Grain-oriented 0,05 24 — 1000
o4 - 15 400
045 - 16 400
Non-oriented 0,05 45 — 1000
0,1 13 — 400
0,15 14 — 400
0,2 15 - 400

ee#daﬂeewmh%heupeeemmeﬂda%mﬂ&@#th&maﬂuiaetwer are prepared as describ
pecifications

3.6 Main applications

e materials are mainIy used in magnetic circuits of transformers and rotating mac

pecified values of maximum specific total loss for the commonlyused thicknesses

netic

are

ir-the

ed in

nines

Fa¥ N |

4.0
Operuuug at ||cquc||u|cb above—+60H=

4.3.2.

4.3.2.

Thes

loss
4.1 General Reference document

e materials are not covered by an IEC publication.

4 Class C24 — Steels with specified mechanical properties and specific total
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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 annpealed colls or
shee}.

4.3.2.4.5 Physical characteristics

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

e magnetic: specific total loss, magnetic polarization—fer—different at various
values of-the magnetic field strength;

ectrical: surface insulation and its resistance, resistivity;

echanical: tensile strength, elongation, hardness, stacking factor;

e
m

e mletallurgical state: fully processed, i.e. finalannealed;
d

mensions: 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 General Reference document

These materials are not covered by an IEC publication.
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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
accoras it 464-16—4 A rsistnA f—aken
parallel and half taken perpendicular to the axis of rolling.

vAwAL Qv v - &l C v,

4.3.2.5.4 Available forms

Theske 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 matgrials

can lje based on the following characteristics:

e nagnetic: magnetic polarization—fer—differentvat various values of magnetic
field strength;

e gelectrical: type of surface insulation andyits resistance, resistivity;

e mlechanical: stacking factor, flatness,»edge camber;

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

e d|mensions: thickness, width and (if required) length.

As an information, particular features ofi4his material are:

Fypic

a
a

th
a

nearby zero magnetostrictiom\ef almost 1 x 10" at 1 T and 400 Hz when measured
h optical fiber displacement'meter.

e losses measured acéopding to IEC 60404-10 for a material of 0,10 mm thickness 4
hd 400 Hz is around,6 W/kg and at 0,05 T and 20 kHz around 7 W/kg.

with

t1T
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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

4414 Class D11 - Cast solid-steels

4.4.11.1 General Reference document

These materials are not covered by an IEC publication.

4.4.11.2 Chemical composition
The pasic constituent of these materials is iron containing unavoidable impurities. The [main
alloylng elements are carbon, whose content is lower than 0,45\%, and other elements

(namlely chromium, nickel, manganese, molybdenum and silicon)‘which may be necessgry to
devel|op the required properties.

4.4.11.3 Basis of subclassification

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

4.411.4 Available forms

Thesge materials are usually supplied in the.form of castings in a final heat-treated conditipn or
partially machined to drawings suppliedby the user.

4.4.11.5 Physical characteristics

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

e magnetic: magnetic polarization at various values of magnetic field strepgth,
coercivity;

e electrical: resistivity;

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

o 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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Yield Tensile Elongation Magnetic polarization-at H =

e e Lo 565 so lmpact-values

Nimm? Nimm? % J T
4.4.11.6 Main applications
The [materials are used in the magnetic circuits of electrical apparatus, where a ceqrtain

mech
piecd

4.41
4.41

Thes|

4.41

The basic constituent of these materials is iron. The main alloying elements are carbon w
contg

4 %)

mang

the f

other
procgss.

4.41

The

are n

4.41

The materials-are usually supplied in the form of forgings in a finally heat-treated and pa
mach

4.41

anical strength is required, particularly in parts of rotating machinery sueh’as rotors,
s, pressure plates and magnet frames.

.2 Class D12 — Forged solid steel
.2.1 General Reference document

e materials are not covered by an IEC publication.

.2.2 Chemical composition

nt may vary from 0,15 % to 0,5 % and other alloying elements such as nickel (
chromium (up to 1,8 %), molybdenumg(up to 0,5 %), vanadium (up to 0,12 %
anese (up to 1,9 %), depending on the“mechanical properties required and the si
brgings. The material also contains unavoidable impurities together with a low contg
elements (Si, Al) which may arisedrom additions necessitated during the manufact

.2.3 Basis of subclassification

ecommended subclassification is based on the yield strength or 0,2 % proof stress
ormally a function«efichemical composition and heat treatment.

.2.4 Available forms

ined condition to drawings supplied by the user.

pole

hose
up to
and
ve of
nt of
uring

vhich

tially

.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 streng

e electrical: resistivity;

e mechanical:

from defects;

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

e dimensions: according to drawings supplied by the user.

th;

tensile strength, elongation, impact properties, bend test, freedom

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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Elongation Impact-values
Yield strength Tensile strength
L°= 5,65 so V-notch-test
N/mm?2 Nimm?2 Y% 4
200-to-800 300-te-1-000 20-te12 136-to-16
4.4 1r2-6—Maimapptications
Thesp materials are used in magnetic circuits of electrical apparatus, particularly” in the

stres

sed parts of rotating machines such as shafts for rotating machines, pole-shoes,

bodigs and pole endplates.

4.4.2

4.4.2(

4.4.2(

Thes|

4.4.2(

The
for e
elem

4.4.2(

The 1

4.4.2

Class D2 - Flat material

1 Class D21 — High strength steels — Steel with specified.mechanical prope
and permeability

1.1 General Reference document

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

1.2 Chemical composition

pbasic constituent of these materials is iron.:Alloying elements may be carbon or of
ample silicon. The material also containg>unavoidable impurities and a low level of
bnts which may arise from additions necessitated during the manufacturing process.

1.3 Basis of subclassification

ecommended subclassification-is based on the 0,2 % proof stress value.

1.4 Available forms

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

4.4.2(

In ad
base

e I

1.5 Physical characteristics

dition to"the proof stress values, a more complete definition of these materials c3
H on the.following characteristics:

pole

rties

hers,
bther

n be

e electrical: resistivity;

e mechanical:

punching operations, flatness, edge camber;

¢ metallurgical state: hot-rolled, hot-rolled and temper-rolled, cold-rolled and

annealed, cold-rolled, annealed and temper-rolled;

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

agnetic: magnetic polarization at various values of magnetic field strerugth,

tensile strength, elongation, surface condition, suitability for

final

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-intable-15forcold-rolled-products the corresponding product specification.
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4.4.2

Thes|
parts

poleq.

443

4.4.3(

Thes|

4.4.3

The

1.6 Main applications

e materials are generally used under conditions of DC*magnetization for the strg
of the magnetic circuits of rotating electrical machines, particularly spiders, rims

Class D3 — Stainless steels
1 General Reference document

e materials are presently not coverediby an IEC publication.

.2 Chemical composition

pasic constituent of these-materials is iron. The main alloying element is chromium i

rang¢ of 11 % to about 20 %} Other alloying elements, for example silicon and manga

may
level

also be present. The ‘material also contains unavoidable impurities, together with
of other elementsiwhich may arise from additions necessitated during the manufact

ssed
and

n the
ese,
low
uring

procgss, to improve ‘machinability for example sulphur, selenium or lead or to enhlance

corrog
conv
chemn

sion resistance’ for example molybdenum, titanium or niobium. As compare
bntional stainfess steels, grades developed for magnetic applications have more strir
ical and processing limits to yield more consistent magnetic performance.

d to
gent

4.4.3.3 Basis of subclassification
The recommended subclassification is based on chromium content and fabrication
characteristics-according-to-table16.
Table 16 —R £ ol ical i
cr ‘ si ‘ Mo | Ma | c ‘ s
Grade
%
D34-04 11t013 Up-te-1.5 Up-to-0,5 Up-to-0,8 Upto 0,065 |Upto0,025
D31-02 11-t0-13 Upte15 Upto-0;5 Upto 0.8 Upto0,065 |025t00.40
D31-03 16.5t0-18,5 |Uptot5 Up-to-0,5 Up-to-0;8 Upto 0,065 |Upto0,025
D31-04 16.5t0-18,5 |Uptot5 Up-to-0,5 Up-to-0,8 Upto 0,065 |0,25t0-0,40
D31-05 16.5t0 185 |Uptot5 1.0t02,5 Upte1.0 Upto-0.065 |Upto0.03
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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
perfgrmance.

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 mqgre complete definition of these materials can be based on the fellowing characteristi¢s:

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

e electrical: resistivity;

e mechanical: machinability, cold formability,"weldability, hardness;

e chemical: corrosion resistance.

Althdugh the chromium content influences the,magnetic polarization and electrical resis{ivity,
it dogs not have a pronounced effect on maximum permeability and coercivity.

_ : — -
PP Maximum i 8 f

Glade ¥ | permeability Y | 300 am | 500-Alm | 1 kAMm ‘ 8 kAlm

HOmM Sl ¥

D34-h4 0.55 2000 200 12 13 135 14
D34-h2 0.55 2000 200 12 13 1.35 14
D31-h3 0.%5 2000 200 0,95 11 12 115
D34-h4 D75 2000 200 0,95 11 12 115
D31-h5 b.75 1300 240 05 0.6 0.8 1}
D34-hs 0.75 1300 240 0,5 0.6 0.8 14

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
4.51 Class E1 - Nickel content-72 70 % to-83 85 %
4511 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.

4.51.3 Basis of subclassification

The recommended subclassification is based on the coercivity or the amplitude permeability
te—frete—s —ahd—the—sh Y3 i —rotre—Hat or

4.5.1[4 Available forms
The materials are available as hot-rolled sections and strip, forgings, cold:drawn wirg and
cold-folled sheets, strip. They are commonly supplied in the semi-processed state, Eut a

number of materials, particularly those with flat or rectangular hysteresisjloop, are available in
the final heat-treated state for example as toroidal strip wound cores.

4.5.1.5 Physical characteristics

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

e nmagnetic: magnetic polarization at varieds values of magnetic field strepgth,
saturation magnetic polatization, coercivity, maximum amplitude

WWW, : ‘ . Fstor

Magnetic measurements are made in accordance with either IEC 60404-4 or IEC 60404-6
accofding to product form.
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4.5.

1.6 Main applications

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

4.5.
4.5.

The

4.5.

The

Iqop: transformers, relay parts, transducers, protective ground
circuit breakers, rotorcand stator laminations, magnetic shieldin

T

fault circuit-breakers;

Rlectangular magnetic amplifiers, AC/DC converters, saturable inductors,
ysteresis loop: transformer-cores.

=

2 Class E2 - Nickel content 54 % to 68 %
2.1 General Reference document

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

2.2 Chemical composition

pasic constituents of these materials are iron and nickel whose content is in the ran

54 %| to 68%. In some instances, part of the nickel may be replaced by cobalt. Additio
molybdenum, copper, manganese, chromium or silicon may be present to increase residtivity

and i

Rlound hysteresis measuring instruments; current  transformers, low-power

tfault
g,

at hysteresis loop: pulse transformers,'dhyristor protective chokes, protective grgund-

bulse

je of
nally,

ether

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:

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

e electrical: resistivity;

e 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);

Typigal values for magnetic properties in the fully processed state are given in%aﬂbkles%t
and-22 the corresponding product specification.

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

4.5.2.6 Main applications

TheFJnaterials are used where high permeability at low magnetic field strength is required
(o}

und hystenesis protective ground-fault circuit-breakers, transducers, measpuring
Iqop: transformers;

e Flat hysterésis 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-80 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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3 Basis of subclassification

2016

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 fnaterials with flat hysieresis Toop are available as strip-wound core.

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

4.5.3
A mg
e
e €
e 1
e 1

agnetic:

ectrical:
echanical:

etallurgical state:

5 Physical characteristics

re complete definition of these materials can be based on the following characteristi

magnetic polarization at various values ofvmagnetic field stre
saturation magnetic polarization, coercivity, remanence ratio;

resistivity;

suitability for punching or deep drawing operation;

materials require a heat treatment to develop their full magnetic

properties; fully processed state: i.e. finally annealed.

Valug¢s for magnetic properties in the fully processed state are given in-tables23-to-2;

corrg

Magr
acco

sponding product specification.

etic measurements are made infcaccordance with either IEC 60404-4 or IEC 604
ding to product form.

LS:

ngth,

the

5 the

D4-6,

Tdble 23— Specified ; iost) of ol witd /) e 1

2) ]

Maxi litud Minimum-magneticpolarizationat H=
L bility2)
Grade at H =104 Alm 20 ke SOk oL 500-A/m | 4000-A/m
Al 103 T
31 6-to-12 10-to4 05 69 4 136 45
H1-Onlyfor thicknessest>04-mm-

pelontion of-magnetic-polarization celosiation
Alm F T T
z 152 - 0;08-te-0:23
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4.5.3.

6 Main applications

The materials are used where high permeability at low magnetic field strength in combinjation

with high remanent or saturation magnetic polarization is required.
e Rpound hysteresis measuring instruments, current  transformers, low-p
Idop: transformers, relay parts, transducers, protective™ ground
circuit-breakers, rotor and stator laminations, magnetic shiel
sensors;
e Flat hysteresis loop: pulse transformers, thyristor protective choke€s, protective gr
fault circuit breakers;
¢ Rectangular magnetic amplifiers, AC/DC converters,~saturable inductors,
hysteresis loop: transformer cores.

4.5.4

Thes|

4.5.j Class E4 - Nickel content 35 % to 40 %
1

General Reference document

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

4.5.42 Chemical composition

The
35 %
silico
also
from

basic constituents of these materials are iron and nickel whose content is in the ran
to 40 %. Alloying elements such as molybdenum, manganese, copper, chromiu
n may be added to increase*tesistivity and improve magnetic properties. The mats
contain unavoidable impurities, together with a level of other elements which may
additions necessitated during the manufacturing process.

4.5.4.3 Basis of subclassification

The

ecommended ‘subclassification is based on the coercivity or the amplitude permeg

at a magnetic field\strength of 1,6 A/m.

4.5.44 Available forms

ower
Hfault
ding,

ound

bulse

je of
m or
trials
arise

bility

The materials are available as hot-rolled sections and strips, forgings, cold-drawn wirg and

CO|d- UI:UU OIICCL GIIU OI.IIIJ Il. ID bUIIIIIIUIIIy OUPPIIUU III lIIC OUIIII PIUbUOOUU OLGLU UUL =LY ber

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:

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

e electrical: resistivity;

e mechanical: suitability for punching and deep drawing operations;

o metallurgical state:

materials require a heat treatment to develop their full mag

Sofbpreenonndclater Lo bel or colclancsliod conealod the

netic
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properties; fully processed state: i.e. finally annealed.

2016

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.

4.5.4.6 Main applications

The [materials are used for high-frequency and (pulse applications, telecommunic
trans|ators, high-frequency filters or transformers, bBlocking transformers, pulse transforr
magnetic shields.

4.5. Class E5 - Nickel content 29 % to33 %
4.5.5/.1 General Reference document

These materials are not covered bycan IEC publication.

4.5.52 Chemical composition

The |pasic constituents of ‘these materials are iron and nickel. The Curie temperatu
strongly dependent on-the nickel content. Alloying elements such as copper may be add
improve magnetic performance. The materials also contain unavoidable impurities tog
with ja low level of .other elements which may arise from additions necessitated durin
manyfacturing process.

4.5.5.3 Basis of subclassification

ation
ners,

re is
ed to
Bther
y the

A posgsible basis of subclassification is the maximum service temperature.

4554 Available forms

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

4.5.5.5 Physical characteristics

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

fully

e magnetic: change of magnetic polarization with temperature for a given

magnetic field strength and a given range of temperature;

e electrical: resistivity;


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

IEC 60404-1:2016 RLV © IEC 2016 -31-

e metallurgical state: semi-processed, i.e. cold-rolled or cold-drawn;

fully processed, i.e. final annealed.

°C I T

4.5.5

6 Main applications

Temperature compensators (magnetic shunts) for permanent magnet /measuring de

espe

4.6
4.6.1
4.6.1

Thes|

4.6.1
The

47 %
tanta

4.6.1

The
loop.

4.6.1

The
bars,

Cially for electric current (watt-hour) meters and automotive voltageregulators.

Class F — Iron-cobalt alloys
Class F1 — Cobalt content 47 % to 50 %
.1 General Reference document

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

.2 Chemical composition
pasic constituents of these materials aféifon and cobalt whose content is in the ran

to 50 %. Alloying elements such\ as vanadium, chromium, zirconium, niobiu
lum may be added to improve ductility.

.3 Basis of subclassification

ecommended subclassification is based on the coercivity-and-the-shape-of-the-hystg

.4 Available forms

materials—withround-hysteresisloop are supplied as hot-rolled rectangular and
cold-drawn W|re strip and sheet forgmgs and cold- roIIed stnp—Mate#al&

4.6.1

vices

ge of
m or

.5 Physical characteristics

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

e magnetic:

magnetic polarization for various values of magnetic field stre
remanence, coercivity, specific total loss;

maximum relative permeability, saturation magnetic polarization,

ngth,

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

e metallurgical state:

state—i-e—finallyannealed; 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-tables28-and-29 the
corresponding product specification.

4.6.1

Crada coorcivity cnn Ay | cnn as | 4 con oy
Y oy +

oFaae

Alm F

it | lart is |
Coercivity Remanence
Coenele
Al 'l
EF12 R 1,90-t0- 2,10

.6 Main applications

lsotrppic The materials are used in applications involving extremely high mag

netic

polarfzations in low or medium magnetic fields.such as motors and generators with highest
powdr density, actuators, transformers, relays, electromagnetic and electro-mechgnical
devides for aeronautical or aerospace equipment;—telephone—membranes, pole pieceg for
electromagnets, magnetic lenses and magnetic bearings.

Anicdtronic—materiale _are used for anace-savina—hiahlv loaded maanetic—amuplifiersl and
Anisotropic—materials—are—used for space-saving—highly loaded —magnetic—amplifiers}-and
speclal-purpose-transformers.

4.6.2 Class F2 — Cobaltcontent 35 %

4.6.2.1 General Reference document

Thesge 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 whigh is
appr?ximately 35 %. Alloying elements such as vanadium or chromium may be addefd to

improve ductitity:

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-ef-the-materials can be based on the following characteristics:
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e magnetic: magnetic polarization—fer at various values of magnetic field |
strength, saturation magnetic polarization;

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

Table 30— Specifiod : .

_ Py —— =
Alm T
Bulk
F 21 ateria 300 v e - _
Strip 45 16 20 22

4.6.2.6 Main applications

The [materials are mainly used for applicationsxinvolving either extremely high magnetic
polarjizations 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

Theske materials are covered by IEC60404-8-6.

4.6.3.2 Chemical composition
The pasic constituents<ef*these materials are iron and cobalt of which the content is ip the

rang¢ of 23 % to-27'30 %. Alloying elements such as vanadium, niobium, molybdeniym or |
chromium may be,added to improve ductility.

4.6.3.3 Basis of subclassification

The fecommended 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-ef-the-materials can be based on the following characteristics:

e magnetic: magnetic polarization—fer at various values of magnetic field
strength, saturation magnetic polarization;

e 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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e 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-34
the corresponding product specification.

Maxi M*“‘W.. otic
Y MOA#m|&OOOAﬁm
Alm T
Bulk
. 11 1.75
F31 ateris 300
Strip
1.85 29

4.6.3.6 Main applications
Thesg materials are mainly used for applications inydiving either extremely high magnetic
polarjizations or particularly high temperatures, such/as for electromagnetic and elgctro-
mechanical devices for aeronautical or aerospace equipment, especially when subjected to

mechanical load in service such as liquid metakpumps 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
4.7.11 General Reference document

These materials are not covered by an IEC publication.

4.7.1.2 Chemical composition
The pasic constituents of these materials are iron and aluminium whose content mgy be

betwgen 12 %fand 16 %, together with unavoidable impurities. These materials may cojntain
additjons 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.

4.71.4 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-ef-the-materials can be based on
the following properties:

e magnetic: initial and maximum permeability, coercivity, saturation magnetic
polarization, magnetostriction;
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e mechanical: hardness, suitability for punching operations, surface condition;
¢ metallurgical state: hot-rolled, cast, sintered;
e 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

4.7.21 General Reference document

Thesge materials are not covered by an IEC publication.

4.7.2(2 Chemical composition

The pasic constituents of these materials are iron, aluminium, the content of which may be
betwgen 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, cefium,
niobibm and vanadium to improve magnetic and mechanical properties.

4.7.2.3 Basis of subclassification

The fecommended subclassification is based on the initial permeability.

4.7.2.4 Available forms

The naterials are normally supplied in the formyof castings or of semi-processed productg, for
exan|ple, powder.

4.7.2.5 Physical characteristics

In addition to the initial permeability; a more complete definition-ef-the-materials can be based
on thie following characteristics:

e magnetic: saturation magnetic polarization, coercivity, initial permeabpility,
maximum permeability;

ectrical: resistivity;

echanical; hardness;

mensions: determined by application.

e
m
o metallurgical state: as cast;
d
.2

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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2 Chemical composition

2016

The majority of commercially available soft ferrites are polycrystalline ceramics having a cubic
crystal structure and a typical formula MFe>O4 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-sheuld-net cannot bevconsidered as ferrite

matefial for the purpose of this classification.

4.8.1.5 Physical characteristics

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

e magnetic: initial permeability,—specific-tgtal loss—as—a—function—of frequenecy;

o | ‘ . ‘ . larization,

dependence o /N j ization-at-vario ralues
of —magnetic—field—s#ehgth; saturation magnetic flux denpsity,
remanent flux densjty, 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;

e njechanical: density;

e thermal: Curie-temperature;

e electrical: resistivity, normalized impedance;

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

NOoTE| Where material values are quoted, these are normally measured on ring cores of sated

dimepsions and-it-should-be-noted-that identical characteristics cannot always be realizgd on

a component.of differing geometry.

Typigal\fanges of properties for the Mn-Zn- and the Ni-Zn-ferrites are given in-tables34-and

33 th

ol <l 4 H i
CUTTTOPUTIUTITY PTUUULT SPT UL ativlT.
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Felaibes . Lo pesaiare Mesnste
1 H}Lste%esm fficient | Disaccom larizati Curi
Initial factor-at material of . at temperature Resistivity
permeability | po 5g 4y, | CORSEARL | o L obiney | ODBHOR | oy 000 Am
* at 40 °C
10-6 T 10-6/K 10-6 mT K Om
e e fote et e e SO le ol 0,05to5

material - cresiefsle
::1:5::5 f_aeter—at of ati _ at temperature
f * ¥ at40°C
10-¢ T 10-8/K 10-¢ mT K Ofn
1040250 100-to-400 10-to-40 0-to-30 <60 50-to- 400 520-to 770 10319107
P cen 20 °C 3rd 55-°C-

The
and
facto

Varig
situa
smal

4.8.1|

Among the most important applications are the following:

- cC
fr
c

- a
c
a

— i

broperties depend strongly on the exact composition-6f-the-materials, i.e. the metal

heir proportion. The heat treatment including .atmosphere and cooling rate are ¢
I's in developing the properties.

tion of one property normally influences, the value of various other properties.
ion gives rise to the existence of many'separate materials, each intended for a rela
group of applications.

6 Main applications

hg/cores and multiaperture cores for data storage devices;

ions
itical

This
ively

Hz to

pres for inductors and “transformers operating at frequencies in the range from audio
equency to several.hundred MHz;

bres for pulse transformers up to several hundred MHz;

erial rods;

pres for power transformers operating at frequencies in the range from about 5 ki
pout 30\MHz;

hraa far vAnAr dina-h da-
<

- C

an
OTC oo rocCorammygToca

o
]

— 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
4.8.2

Thes

Class H2 — Magnetically soft sintered materials
A General Reference document

e materials are covered by IEC 60404-8-9.
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2 Chemical composition and manufacturing method

2016

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(

For ¢

4.8.2

Magn

4.8.2(

A mo

| o

]
3

Phys
spec

3 Basis of subclassification

ach alloy the recommended subclassification is based on the coercivity.

.4 Available forms

etically soft sintered materials are generally supplied as structural parts.

5 Physical characteristics
re complete definition of these materials can be based on the following characteristi

agnetic: magnetic polarization at-a—givegi various values of magnetic
strength, saturation magneticpolarization, maximum permeabil

echanical: density, porosity, hardness;

ectrical: resistivity.

cal and magnetic properties are given.in-tables—34-and-35 the corresponding pr
fication.

B Wlentbmns
. cleaadis ool
kglm3 Adra
Ee 6-400-to-7-300 450-to 475"
EeP 6-800-to-7-300 110-to150%
Eobl 7600 to 8 300 81020
EFeCo 700 100-t0-200
EeSi £-200-to-7-400 501080
Wi . . , ble.

[S:

field

bduct

Porosity at at permeability hardness | Resistivity
Material H =500 A/ H.=80 000 Alm minimum-value
% F F HVS pom
Ee 6-to-16 0,7to- 1.3 1,55t0- 1,85 2-000-to 5500 50-to70 | 0,42 t0 0,15
Eel S e e S non Ceebe | bt nnn
FeNi 3to 7 0,75 to-1,30 0,80 to-1,55 20-000 to 74 500 70-to95 | 0,45t0 0,60
Eoe 3 St ts e nn Lo e
FeSi 2to4 1,35t0- 1,40 1,85t0- 1,95 8-000-to 9500 17040180 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
4.8.3

Class H3 — Powder composites

| General Reference document

These materials are not covered by an IEC publication.

4.8.3

.2 Chemical composition and manufacturing method

Powd
elect

Pure
are i
injec

4.8.3(

For ¢ach material the recommended subclassification is baséd on the initial permea

A po

4.8.3

Powd
press

4.8.3(

A mo

e I

er composite materials consist of a basic magnetic powder and inorganic or-aor
rically insulating additives and binders.

iron (Fe), iron-silicon (FeSi, FeSiAl) and nickel-iron (FeNi, FeNiMo) powder compd
n use. Powder metallurgical techniques such as cold-isostatic pressing, die pressi
ion moulding are used for manufacturing.

3 Basis of subclassification

5sible basis of subclassification is the composition of the‘alloying elements.

.4 Available forms

er composite materials are supplied as structufal parts (powder cores) or cold iso

ed blanks. In the case of organic bound comyposites, shaping by machining is possih

5 Physical characteristics

re complete definition of these materials can be based on the following characteristi

agnetic: initial petmeability, saturation magnetic polarization, total
density;

echanical: density;

ectrical: resistivity.

janic

sites
g or

Dility.

static
le.

LS:

loss

4.8.3

Matorial permeability polarization AP istivity
=KL
T Wim3 Qm
Fe-base 10-t0-90 0;5-t0-2,0 Se—s 1-to-108
FeNi-base 10-to-500 0;5-t0-15 B 1to-108

.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 | — 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

Thesge materials are not covered by an IEC publication.

4.9.2(2 Chemical composition

The pasic constituents of these materials are iron and metalloids (mainly silicon and bgron)
the dontent of which is commonly in the range of 16 % by atoms te'\30 % by atoms. These
alloy$ may further contain additions of titanium, vanadium, chromigm, zirconium, nioIium,
manganese, carbon or molybdenum to improve magnetic and mechanical properties. Part of
the inon may be substituted by nickel or cobalt.

4.9.2.3 Basis of subclassification

The fecommended subclassification is based on thejsaturation magnetic polarization angd the
shapg 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
thickphess 20 um to 50 um and in the form of tape wound cores.

4.9.2,.5 Physical characteristics
A magre complete definition-éfthe-materials can be based on the following characteristics:

e nmagnetic: 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 strepgth,
squareness of the B-H loop, remanence;

e gelectrical: resistivity;

o thermal: Curie temperature, crystallization temperature;
e dimensions: thickness, width;

e mechanical: ductility, stacking factor;

o 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.
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.
Specific Spesific .
e Magnetic
feallese A Crystaliz .
Material | at4=H4F | G " 1 | Coercivity perars ation Resistivit | Density Stacking
and factor
£=50H and at temperature y
f=50Hz H=2800
Alm
Wikg VAlkg Al F °c wQm kgtms %
Feg,SisBg 02 10 3 155 550 12 7200 80-to-85

4.9.2(

Varig
situa
smal

6 Main applications

tion of one property normally influences the value of various other properti€s.
ion gives rise to the existence of many different materials, each intended forya rela
group of applications.

The most important ones are:

e C
e C
a

—

}.

4.9.3

4.9.3(

Thes|

4.9.3

The

comr
main
partly
chror
imprd

4.9.3(

The
shap

bre material for distribution transformers at power frequency,

pres for inductors and transformers operating at frequencies ‘up to several hundred
hd

eft detection tags.
Class 12 — Cobalt-based amorphous alloys
1 General Reference document

e materials are not covered by an IEC publication.

.2 Chemical composition
honly in the range of 2 % by atoms to 10 % by atoms and metalloids (silicon and K
y) whose content is in th€ range of 18 % by atoms to 30 % by atoms. Cobalt me

hium, zirconium, niobium, molybdenum, ruthenium, hafnium, tantalum and tungsts
ve magnetic and_mechanical properties.

3 Basis of .subclassification

ecommended subclassification is based on the saturation magnetic polarization an
e of thexhysteresis loop.

4.9.3

This
ively

kHz,

basic constituents of these materials are cobalt and iron or manganese whose contgnt is

oron
y be

substituted by nickel.,"These alloys may contain additions of titanium, vanadium,

bn to

d the

.4 Available forms

The materials are normally supplied in the form of rapidly solidified thin strips with a typical
thickness of-45 10 um to 50 um and in the form of tape wound cores.

4.9.3

5 Physical characteristics

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

e magnetic:

various values of magnetic field strength, specific total loss
function of frequency, squareness of the B-H loop, coercivity;

e electrical: resistivity;

e thermal: Curie temperature, crystallization temperature;

magnetostriction, initial permeability, reversible permeability at

as a
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thickness, width;

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

[ )
everal MHz,

o flexible magnetic shielding.

4.9.4

Thesge materials are not covered by an IEC publication.

4.9.42 Chemical composition

c
s

e cores for pulse transformers,
c

bres for recording heads, and

4.9.j Class I3 — Nickel-based amorphous alloys
1 General Reference document

pbres for inductors and transformers operating at frequencies in the range)from 50 Hz to

The basic metallic constituents of these materials are nickel and iron in approximately ¢qual
amounts by weight and which form about 90 % of the alloy by weight. In some 4lloys
molybdenum can be present. The principal metalloid is boron although phosphorus and s{licon

can glso be present.

4.9.4.3 Basis of subclassification

The fecommended subelassification is based on the shape of the hysteresis loop.

4.9.4.4 Availableforms

The aterials~are normally supplied in the form of rapidly solidified thin strips with a typical

thickpess of:15 um to 50 um.

4.9.45 Physical characteristics

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

e magnetic:
e electrical:
e thermal:

e dimensions:

o metallurgical state:

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;

resistivity;
Curie temperature, crystallization temperature;
thickness, width;

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

Thesge materials are not covered by an IEC publication. Q

Q}/

4102 Production process ,\(b

Iron-
shee
The
and
almo

The
niobi

based nano-crystalline alloys are produced via rapid solidification hy|,asting as
s, wires or powders. After this casting process the material is in th,@émorphous S
lesirable nano-crystalline state is achieved by annealing at temp ure between 5(
500 °C. Nano-crystalline alloys exhibit a high saturation ma polarization an
5t zero magnetostriction due to their nano-crystalline microst@e.

4.10,3 Chemical composition S\\Q/

thin
tate.
0°C
d an

bm around 3 % by atoms and metalloids (mainly{Silicon and boron) typically in the

of 16 % by atoms to 28 % by atoms. These alloys further contain additions of zirco

moly
to im

bdenum, tantalum, titanium, vanadium, pho orus, chromium, manganese and c4
prove the magnetic and mechanical proper .

&

4104 Basis of subclassification $

The
shap

4.10/5 Available forms C}\O

The

ecommended subclassification i-s\\based on the saturation magnetic polarization an
e of the hysteresis loop. \O

-

.

materials can be plied in the amorphous state in the form of rapidly solidified

ribbojns of typical thi@ ss 12 um to 30 um and in the nanocrystalline state in the fo

tape

wound cores. ()

4106 Phy§m characteristics
A mdre c@ete definition can be based on the following characteristics:

basic constituents of these materials are ironiégcpgr typically around 1 % by a'l(a)ms,

nge
ium,
rbon

 the

thin
m of

e nlagietic specific total loss as a function of magnetic polarization

and

frequency, specific apparent power, saturation mag

netic

polarization, magnetostriction, coercivity, initial permeability,

reversible permeability at various values of magnetic field stre
squareness of the B-H loop, remanence;

e electrical: resistivity;

e thermal: Curie temperature, crystallization temperature of
nanocrystalline grains, crystallization temperature of the amorp
matrix;

e dimensions: thickness, width;

e mechanical: ductility, stacking factor;

o metallurgical state:

developed by the heat treatment above the crystallis

ngth,

the
hous

semi-processed state, i.e. as cast. The magnetic properties are

ation
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temperature. Magnetic fields can be used to support the form
of induced anisotropies.

2016

ation

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 llnost important ones are

° m

° N

e shielding foils.

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

5.1

5.1.1

These materials are not covered by an IEC publication.

5.1.2

The pasic constituents of these materials are-iron, terbium and dysprosium. In Tb,Dy4.

comy
optin

excessive hysteresis losses. The_ ‘stoichiometric value for y = 2,0 produces opt

magf
from
comy

5.1.3

Ther¢ is no recognized subclassification.

5.1.4

Grairn
melti

agnetic cores,

ductive components like current transformers and yokes,

Class Q — Magnetostrictive alloys — Rare earth iron alloys (Class Q1)

General Reference document

Chemical composition

ounds, the value of x determines the Tb/Dy ratio and y is the Fe/(Tb + Dy) ratio,

Fey
The

um values of x are close to 0,3;) where high magnetostriction is obtained wirhout

etostrictive properties but the- resulting materials are very brittle. As y is decre
2, the material becomes-less brittle and the value of y = 1,95 provides a
romise.

Basis of subclassification

Available forms

-oriénted, round bars of different sizes are available manufactured by free stand
ng«r modified Bridgeman solidification processes. The cylinder axis is the easy dire

mum
ased
good

zone
ction

of m

5.1.5

A mo

FH '
yHcuLdativrl.

Physical characteristics

re complete definition-ef-the-materials can be based on the following characteristics:

elastic coupling factor k33, d-constant (didH dA/dH), rel

magnetic: magnetostrictive strain at saturation, Curie temperature, magneto-

ative

permeability, magnetic specific acoustic impedance, energy density;

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

e thermal: thermal expansion coefficient;

e electrical: resistivity;

ngth,
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e metallurgical state:  grain-oriented and heat-treated

The machinability—ef-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.

. . . o . .
Fypical-physical-properties-at-20-CforTbg 3By 7Feq gs-are-givenin-table38-
Relative
Modul M e
of elasticity Sound speed Com etrictive. Curie H=2380kA/m
at-H= TFensile pressive strain-at Coupling | tempera-
saturation
1] ‘ HH 0 ‘ HH Eees | SHumped
104 N/mm?2 kmis Nimm?2 Nimm?Z Y% K

H—H| —operating-magneticfield strength,normallyH <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.inhigh-power sound projectgrs in
sonafs and defence systems, for oil field logging and oceanegraphy studies.

Othef applications being developed are as active elements in electromechanical applicatipns.

5.2 | Class R — Magnetically hard alloys

5.2.1

5.2.1}1

Class R1 — Aluminium-nickel-cobalt-iron-titanium (AINiCo) alloys

General Reference documegnt

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

5.2.1.2

Chemical composition and manufacturing method

Thesg alloys consist of 6:8 % to 13 % aluminium, 13 % to 28 % nickel,0 5 % to 42 % cobalt,
0 % o 9 % titanium, 2% to 6 % copper, 0 % to 3 % niobium, 0 % to 0,8 % silicon and the
balanjce iron. They may contain-silicen—niebivm-or other additions.

They| are madécby casting or a powder metallurgical process. Their magnetic performange of
alloys with a-cobalt content higher than 20 % can be increased in a preferred directign by
applying (a;ymagnetic field during heat treatment producing magnetic anisotropy. The|best
perfgrmances of cast magnets are achieved with alloys of columnar or single crystal strugture,

the magnetic field heina annlied narallel to the columnar axis
naghetHc—He+a—oehg—a e a—paae+—tothe-coHtdmhat—axts-

5.2.1.3

PP

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—preduction manufacturing method, a more
complete definition-ef-the-materials can be based on the following characteristics:

e magnetic: maximum BH product,—magneticremanence remanent flux density,
coercivity, recoil permeability;
o thermal: temperature coefficients of—magnhetic—remanence remanent flux
density and of coercivity, and Curie temperature;
e mechanical: density, machinability;
o nretatturgicatstate: castor-sinteredandheat=treated:
e d|mensions: determined by application.
Randes of specified values of magnetic properties and density for isotropic*and anisoffropic
AINiGo alloys are given in-table-39 the corresponding product specifications
Table 39 — R ¢ ified i "
Maxi M . Coercivity
Grade BH product remanence H.g H.,
kd/rm3 mT kA/m kAlm
Isotrgpicalloys 9to17 55040630 44080 47084
Anisthopic Cast 36t0-72 760-to1-300 480140 49-to-14B
alloyy Sintered 26 to 34 650 to 1 120 47 to 136 48 to 15D
5.2.1,6 Main applications
Thesge materials are used in measuring' devices and loudspeakers.
5.2.2 Class R3 - Iron-cobalt:vanadium-chromium (FeCoVCr) alloys
5.2.211 General Reference document
Theske materials are covered by IEC 60404-8-1.
5.2.2.2 Chemical composition and manufacturing method
These materials consist of-54 49 % to 54 % cobalt, 4 % to 13 % vanadium;—0-%-te-6-% plus
chromium and theremainder balance being iron.
The FeCoVCr alloys are manufaciured by casiing 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 H.

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:

e magnetic:

maximum BH product,—magneticremanence remanent flux density,

coercivity;
e thermal: temperature coefficients of magnetic—remanence remanent flux
: density and of coercivity, and Curie temperature;
e mechanical: machinability before hardening;
e T eidiiUIgibdi state: hot—and—cotd-rofted;reat=treated-to dcvciup |||ag||ctib plupcltics;
e d|mensions: determined by application.
Specjfied values—forthe of magnetic properties—ef and density for finally annealed-mat¢rials
anisqtropic FeCoVCr alloys are given in-table-40 the corresponding product sgecification.
Table 40 — S ified_val ¢ . .
Maximum
BH-product Magneticremanence G oreivity
kdim3 mT kA/m
4to011 4-400-t0-800 3,6-to-24
5.2.2,6 Main applications
Thesp materials are used for compass needles, hysteresis motors, speedometers| and
sensprs, and actuators for electromechanical displays.
5.2.3 Class R5 — Rare earth cobalt (RECo) alloys
5.2.3]1 General Reference document
Thesge materials are covered hyEC 60404-8-1.
5.2.312 Chemical composition and manufacturing method
Two [main types of RECo magnet material are available; they are based on the compounds
SmCps and SmyCo4! The SmCojs alloys consist of 33 % to 36 % samarium and the balance
coba|t. The Smz€oy7 alloys consist of 24 % to 26 % samarium, 10 % to 20 % iron, 4,5(% to
12 %| copper,Qtfier elements (e.g. zirconium, hafnium or titanium) and the balance cobalt

Magr

comy

acted body followed by heat treatments.

ets\may be formed by compacting the powder in a magnetic field and sinteringf the

5.2.3

3 Basis of subclassification

The recommended subclassification is—by based on chemical composition and—preduction
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:

e magnetic: maximum BH product,—magneticremanence remanent flux density,
coercivity, recoil permeability, uniformity field strength;
e thermal: temperature coefficients of—magnetic—remanence remanent flux

density and of coercivity, and Curie temperature;
e mechanical: density, machinability;
e metallurgical state:  sintered,;
e dimensions: determined by application.

Sintdred materials are brittle but machinable by grinding.

netlc

HCJa

REGoe; 140-to 170 86016930 60010660 #00-t6-1-200 8200
REJCo,, 140-to-220 900-to-1-100 600-to700 700-to-1-600 8-300

5.2.3.6 Main applications

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

5.2.j Class R6 — Chromium=iron-cobalt (CrFeCo) alloys
5.2.41 General Referencé document

Theske 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,—48 7 % to 25 % cobalt, 0,1 % to 3 % pther
elemgnts~&. g. silicon, titanium, molybdenum, aluminium and vanadium) and the-remajnder
balanjce 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—ef-the
materials and the-preduection 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,-magneticremanence 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;

d|mensions: determined by application.

Randes of specified values of magnetic properties—of and density for finallyanng¢aled
matefials isotropic and anisotropic CrFeCo alloys are given in—table—42 the ,corresponding

prodiict specification.

5.2.4.6 Main applications

Material BH-product remanence Heg H,
I e At il
fsotropic 10-te12 800-to-850 40-te-27 42029
Sepdesieesie Lite el R el et

These materials are used for measuring devices, loudspeakers, rotating machines (inclyiding

hystgresis motors), speedometers and theft'detection labels and tags.

5.2.5 Class R7 — Rare earth-iron-boron (REFeB) alloys
5.2.51 General Reference document

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

5.2.52 Chemical composition and manufacturing method

The flloys are based on the compound REs;Fe4B. RE is mainly neodymium, which may be
partially substituted by dysprosium, praseodymium or other rare earths. Iron may be patftially
substituted by cobalt. The alloys consist of 28 % to 35 % total rare earth, 0 % to 15% cobalt.
0,85|% tosi2 % boron, 0 % to 10% dysprosium, terbium and praseodymium, 0 % to|1 %
vanafium,_niobium, aluminium, gallium and copper, the balance iron. Magnets of this typ¢ can
be divided into two main groups: T

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
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The recommended subclassification is based on the degree of magnetic anisotropy of the
material and the-preduetion 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 mgre compfete defimition of these materiats tam be based o the foffowing characteristi

maximum BH product,—magneticremanence remanent flux\de
recoil permeability,—unifermity demagnetization

e magnetic:

e thermal:

° echanical:

3

e d|mensions:

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

Randes of specified values of-the magnetic properties, and density for anisotropic sin
REF¢B alloys are given intable-43 the corresponding{phoduct specification.

density, machinability;

determined by application.

temperature coefficients of—magnetic—remanenece, remanent
density and of coercivity, and Curie temperature;

£ . ie RE-FeB all
Maxi c . c L .
BH-product H.p H, Density
(Jm3 kA/m kAlm kg/m?3
170-to-360 980-to-1-350 700-t0-920 800-to-2-400 7-500
x vy " ool

5.2.5.6 Main applications

The materials are_mainly used for traction motors for hybrid electric vehicles (HEV)
electfic vehicles(EV), direct drive type generators for wind turbines, voice coil motorg
many other etectrical motors, electroacoustical applications, separators, magnetic reson

imag|ng (MRY)-

5.3 | Class S — Magnetically hard ceramics — Hard ferrites (Class S1)

S:

hsity,
field

flux

ered

and
and
ance

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 Fe,0; (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.


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

IEC 60404-1:2016 RLV © IEC 2016 -51-

5.3.3 Basis of subclassification

The recommended subclassification is based on the degree of magnetic anisotropy—ef-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 mgre complete definition of these materials can be based on the following characteristi¢s:

maximum BH product,—magneticremanence remanent:flux depsity,
e magnetic: coercivity, recoil permeability;—uniformity—field"strength(for
. . . ;

temperature coefficients of—magnetic—remanenee remanent| flux

e thermal: density and of coercivity, and Curie temperature;
e mechanical: density, machinability, mechanical strengthy
e d|mensions: determined by application.

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

Randes of specified values of magnetic properties*and density for isotropic and anisoffropic
hard [ferrites are given in-table-44 the corresponding product specification.

Material BH-product remanence Heg Hey
Ikt mT kAfm kAfm
hoobmnle o0 (S e e e
Anisotropic-S-1-1 20-te-35 32010430 130-to295 135-t0-380

5.3.6 Main applications

The fnaterials ane-mainly used in rotating machines, loudspeakers, holding devices and tqys.

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:

e magnetic: maximum BH product,—magneticremanence remanent flux density,
coercivity;

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

e mechanical: density;

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

e d|mensions: determined by application.

Cobalt Maximum Magnetic Coercivity Coercivity
content BH-product remanence Hig Hgy

% kd/m3 mT kAm kAm
9-to-40 3,3t08,2 750-to-1-000 10-to-19 11t 21

For hysteresis motors which are the main application of these materials, a tempering|heat
treatment in the range 300 °C to 550 °C _isZapplied. This reduces the coercivity H.g and
imprgves the fullness of the curve.

This [application requires material in-the form of a thin walled cylinder, mechanically sjrong
and fmagnetically homogeneous.

5.4.6 Main applications

In th¢ tempered condition.the materials are used for hysteresis motors.
Theinl use in other conditions is almost obsolete.

5.5 | Class U.~ Bonded magnetically hard materials

5.5.1 General

Thes nlastic haonded _—narmanant maanets are composite materials Thev consist of
o g g g T Y

J
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

5.5.2

Class U1 — Bonded aluminium-nickel-cobalt-iron-titanium (AINiCo) magnets

.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

5.5.2

The
magf

5.5.2

binder. This mixture is pressed at elevated temperature and cured.

3 Basis of subctassification

etic anisotropy and the manufacturing method.

.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 mat

The fhermal properties are determined by the alloy and4¢hebonding material.

Rang
magr

5.5.2,

es of specified values of magnetic properties "and density for isotropic bonded Al
ets are given in-table-46 the corresponding-product specification.

Maxi ™ . c . c o

BH product remanence Heg Hey
kd/m3 mT kAlm kAlm

3;1+t0- 7,0 280-t0-340 37-to 72 46-t0-84

6 Main applications

The materials arewsed for watt-hour meters and measuring devices.

5.5.3

5.5.3,

Class)U2 - Bonded rare earth-cobalt (RECo) magnets
1 'General Reference document

recommended subclassification is based on the chemical composition, thesdegr¢e of

erial.

NiCo

Thes

5.5.3

€ materials are covered by IEC 60U404-6-1.

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 fhermal properties are determined by the alloy and the bonding material.

Randes of specified values of magnetic properties-ef and density for isotropic and“anisofropic
bonded RECo magnets are given intable-47 the corresponding product specification.

Material BH-product remanence H.p Hey
kd/m3 mT kAMmM kA/m
Sl = s Ae SLL 360 600

5.5.3.6 Main applications

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

5.5.j Class U3 — Bonded neodymium-iron-boron (REFeB) magnets
5.5.41 General Reference document

Thesge materials are covered by IEC60404-8-1.

5.5.4.2 Chemical composition and manufacturing method

Thesge bonded magnets:.contain powdered alloys as given in class R7. The powder is mixed
with g suitable binder.and the compact is then formed to shape using either compressipn or
injection moulding,

5.5.4.3 Basis of subclassification

The fecdmmended subclassification is based on the chemical composition, the degr¢e of
magnelic’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-physicaland specified values of magnetic properties and density

for

isotropic bonded NdFeB magnets are given in—table—48 the corresponding product

specification.

Material BH-product remanence Hg Hey Density
kdim?3 mT kA/Mm kA/Mm kgim3
el L= e
b 28 to 82 430-to 700 270-to-500 560-to 950 4-200-to 6200

5.5.4.6 Main applications

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

5.5.5 Class U4 - Bonded hard ferrites magnets
5.5.5.1 General Reference document

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

5.5.5.2 Chemical composition and manufacturing‘/method

HiFi

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 bg
comgression, injection moulding, extrusion or by.rolling.

5.5.5.3 Basis of subclassification

by

The fecommended subclassification <is* based on the chemical composition, the degr¢e of

magnetic anisotropy and the manufasturing method.

5.5.5.4 Available forms

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

injection moulding.

5.5.5.5 Physical characteristics

The
matefial. ~The magnets may be
com ' i i

isotropic. Anisotropic magnets may be produced

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

agpetic properties are determined by the-alley ferrite a and the fill factor of the bonding

by

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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Material BH product romanence o e
It mF kAL KA

5.5.5.6 Main applications

The [materials are used in magnetic catches, holding magnets, magnetic displays,& small

motofs and toys. Q}/
©
5.5. Class U5 — Bonded rare earth-iron-nitrogen magnets Q\
5.5.6[.1 Reference document '\
b‘/
Theske materials are covered by IEC 60404-8-1. VQ

@Q
5.5.6/2 Chemical composition and manufacturing metho@
Thesp bonded magnets contain powdered SmyFe, ;N “fermetallic compound. These
matefials consist of 22 % to 27 % samarium, 3,0 % to,4/0) % nitrogen and the balanceliron.
The pmFeN powders are manufactured by the reductiof diffusion process using Sm,04 and

Fe ppwders with calcium as a reductant followe nitrogenation. When the size of the
procg¢ssed powders is coarse, a subsequent millibg “is required. The powder is mixed with a
suitaple binder and the compact is then for to shape using injection moulding|in a
magnetic field. Obtained bonded magnets a%@ually anisotropic.
\
5.5.6,.3 Basis of subclassification ®$
\)

The fecommended subclassificatiq\r@s ased on the chemical composition.

5.5.6/.4 Available formsc)’\\o

The magnets are produ@' in simple shape by injection moulding in a magnetic field.

5.5.6.5 Physica@Qaracteristics

The magnetic @arties are determined by the alloy, the fill factor of the bonding material and
the agnetio@ d strength for alignment.

The 1h<z§gl 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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FOREWORD

2016

International Electrotechnical Commission (IEC) is a worldwide organization for standardization_comj
national electrotechnical committees (IEC National Committees). The object of IEC is")to/pr

end and in addition to other activities, IEC publishes International Standards, Technical\.Specificg
Telchnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National'‘Committee inte
in |[the subject dealt with may participate in this preparatory work. International, governmental and
governmental organizations liaising with the IEC also participate in this preparation., {EC collaborates g
with the International Organization for Standardization (ISO) in accordance withy’conditions determin|
agfeement between the two organizations.

Thie formal decisions or agreements of IEC on technical matters express, as n€arly as possible, an interng
cohsensus of opinion on the relevant subjects since each technical cdmmittee has representation fr
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC N4
Cdmmittees in that sense. While all reasonable efforts are made to’ensure that the technical content
Publications is accurate, IEC cannot be held responsible for’¢he way in which they are used or fq
mipinterpretation by any end user.

In|order to promote international uniformity, IEC National Committees undertake to apply IEC Publig
trgnsparently to the maximum extent possible in theirynational and regional publications. Any diver
befween any IEC Publication and the corresponding pational or regional publication shall be clearly indica
the latter.

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conf|
aspessment services and, in some areas, aecess to IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certification bodies.

Alllusers should ensure that they have,thé latest edition of this publication.

Nd liability shall attach to IEC or its\directors, employees, servants or agents including individual exper
megmbers of its technical committees and IEC National Committees for any personal injury, property dam
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othg
Publications.

At{ention is drawn to-the/Normative references cited in this publication. Use of the referenced publicati
indispensable for the.correct application of this publication.

At{ention is drawn-to the possibility that some of the elements of this IEC Publication may be the sub
patent rights,. IEC-shall not be held responsible for identifying any or all such patent rights.
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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)

b)
c)

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

Enlargement of the Ni content for the classes E1 and ES3.

Enlargement of the Co content for the classes F3.

o be
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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:

CbhV 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 Frenchversionm of this standard has not been voted upon. ... |
This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

A ligt of all parts in the IEC 60404 series, published under the generalltitle Magnetic
matefials, can be found on the IEC website.

The ¢gommittee has decided that the contents of this document will remain unchanged untjl the
stability date indicated on the IEC website under "http://webstore.jec.ch" in the data relatpd to
the specific document. At this date, the document will be

g¢confirmed,

—

e withdrawn,

—

gplaced by a revised edition, or

e amended.
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MAGNETIC MATERIALS -

Part 1: Classification

2016

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
existence of ferromagnetic or ferrimagnetic properties.

the

In this document, the classification of magnetic materials is based upon’the genegrally

reco

e S

>0

Withi

characteristics:

A cld
differ

characteristics required.

2 Normative references

The

contg
cited
any g

IEC 60050-12%nternational Electrotechnical Vocabulary — Part 121: Electromagnetism

IEC ¢
devid

nized existence of two main groups of products:

bft magnetic materials (coercivity <1 000 A/m);

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

n these main groups, the classification when approfriate recognizes the follg

e main alloying element and the metallurgical~State and physical properties o
aterial;

ssification by specific areas of application cannot be applied to all materials beg
ent materials can very often be used for the same application depending on

following documents are’/referred to in the text in such a way that some or all of

applies. For undated references, the latest edition of the referenced document (incl
mendments) applies.

0050+151, International Electrotechnical Vocabulary — Part 151: Electrical and mag
es

nt constitutes requitements of this document. For dated references, only the e:ﬂition

wing

f the

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

ause
the

their

ding

netic

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 60404-8-3, Magnetic materials — Part 8-3: Specifications for individual materials — Cold-
rolled electrical non-alloyed and alloyed steel sheet and strip delivered in the semi-procgssed

IEC 60404-8-4, Magnetic materials — Part 8-4: Specifications for individttal 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 materigls —
Section Five: Specification for steel sheet and strip with specified mechanical propertie§ and
magnetic permeability

IEC $0404-8-6, Magnetic materials — Part 8-6: Spegifications for individual materials —| Soft
magnetic metallic materials

IEC 60404-8-7, Magnetic materials — Part 8-¥> Specifications for individual materials —{Cold-
rolleq grain-oriented electrical steel strip and>sheet delivered in the fully processed state

IEC 60404-8-8, Magnetic materials~% Part 8: Specifications for individual materigls -
Section 8: Specification for thin magnetic steel strip for use at medium frequencies

IEC 60404-8-9, Magnetic materials — Part 8: Specifications for individual materigls -
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 §0404-10,\Magnetic materials — Part 10: Methods of measurement of magnetic propérties
of mIgnetic 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:

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp


http://www.electropedia.org/
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4 Magnetically soft materials (coercivity <1 kA/m)

4.1 Class A —Irons
411 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 soff” irons. The material also contains unavoidlable
impurities that may affect magnetic properties. The amount of impurities that adversely*affect
the rlemanence, coercivity, saturation, magnetic polarization and stability of thé/atagnetic
properties are limited to produce the required magnetic properties for the proplosed
applifation. 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 0,4 %),
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 @nd’ sulphur can be highef than
indicajed above.

4.1.3 Basis of subclassification

The fecommended subclassification is based on coercivity values.

4.1.4 Available forms

billets, ingots or forgings; as hot-rolled bar<in'rectangular and square cross-sections; ag hot-
rolled wire rod in round, hexagonal andsectagonal cross-sections; in cold-rolled and drawn
formg¢ as bar and wire; as hot- or cold-rolled sheet and strip.

Thesg materials are available in a wide variety of forms. They may be supplied as alabs,

4.1.5 Physical characteristics

In addition to the values of(cgercivity, a more complete definition of these materials cgn be
basef on the following characteristics:

e nmagnetic: saturation magnetic polarization, magnetic polarization at vafious
values of magnetic field strength (from which permeability cgn be
derived), stability of characteristics with time;

e mechanical; hardness, suitability for punching operations, free machining
capability, deep drawing properties, tensile strength;
o metallurgical state: hot- or cold-worked, forged, deep drawn, fully processed statg, 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
421

4.2.1

Class B — Low carbon mild steels
Class B1 — Bulk material

A 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

many
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4.2.1

The 1

4.2.1
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low level of other elements which may arise from additions necessitated durin
facturing process. The amount of alloying elements is limited to that of a non-alloy
fined in ISO 4948-1, in particular silicon is less than 0,5 %.

.3 Basis of subclassification

ecommended subclassification is based on the coercivity.

.4 Available forms
e materials are normally supplied in the form of castings or forgings in a final

bd condition or partially machined to drawings supplied by, 'the user or as bar, wire r
n the hot-rolled, cold-rolled or cold-drawn condition.

.5 Physical characteristics

j the
steel

heat-
bd or

dition to the coercivity a more complete definition of these materials can be based oh the

ving properties:

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

echanical: yield strength;{or 0,2 % proof stress) elongation (L, = 5| do),
freedom from“defects;

etallurgical state: hot- or*cold-worked, annealed to produce required magnetic

characteristics.

anical and non-destructive tests are made in accordance with the appropriate
tandards. Coercivitynshall be measured in accordance with IEC 60404-7, other magnetic
propérties in accordance with IEC 60404-4.

es of typical values of magnetic and mechanical properties are given in
sponding.product specification.

.6 Main applications

the

The

materiats—are used for targe D€ magnets—where o mechamicatstrength—isTequire

example, in deflection magnets in elementary particle physics and for relay applications.

4.2.2
4.2.2

Class B2 - Flat material

| 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

|, for

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.

422

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 no

4.2.2

rmal industrial power frequencies or (for relay application) on the coercivity.

4 Available forms

Thesp materials are supplied in the form of cold-rolled coils or sheeis or (for relay applica
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 b
on the following properties:

° m

3

[ )
3

tion)

ased

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

echanical: suitability for punching operations, sUrface condition, stagking
factor;

etallurgical state: hot-rolled; hard state — i.e. cold«olied; 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 s
loss qr coercivity measured after heat treatment according to the requirements of the product stand
recommendations of the manufacturer.

¢ d|mensions: thickness, widthiand (as required) length.

Recdmmended nominal thicknesses\" for the cold-rolled materials are given in
corrgsponding product specifications.

Magnetic measurements aré.> made in accordance with |EC 60404-2, IEC 60404-
IEC §0404-7.

Randes of specified-values of maximum specific total loss, after annealing, for the comn
used|thicknesses are“also shown in the corresponding product specifications.

The $pecified maximum value of coercivity for relay material ranges from 40 A/m to 240 A
4.2.2.6 Main applications

becific
ard or

the

honly

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

4.3
4.3.1
4.3.1

Class C - Silicon steels
Class C1 — Bulk material

A 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 fhese
matefials can be based on the following characteristics:

e nmagnetic: saturation magnetic polarization, magnetic polarization at various
values of magnetic field strength, remanent maghnetic polarizatipn;
e mechanical: machinability, ductility, hardness;

[ )
3

etallurgical 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 - Isotropic! (non-oriénted) steels for use at power frequencies
4.3.201.1 Reference documents

Thesg materials are covered by I|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 constituentrofithese materials is iron. The main alloying element is silicon, whose
contgnt may be up(to~approximately 5 %. Other alloying elements, for example aluminium,
may falso be present. The material also contains unavoidable impurities, together with & low
level|of other elements which may arise from additions necessitated during the manufacturing
procgss.

4.3.2.13 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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4.3.21.4 Available forms

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

4.3.21.5 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:

e magnetic: magnetic polarization at various values of magnetic field strength,
specific apparent power for different values of magnetic polarization

anisotronv of loss-
L4 7

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

[ )
3

echanical: suitability for punching operations, ductility, tensile< strepgth,
hardness, surface condition and finish, stacking facter, flathess,
edge camber;

]
3

etallurgical 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 ¢r the
recommendations of the manufacturer.

e d|mensions: thickness, width and (as required)length.

The yalues of nominal thickness are given in the corrésponding product specifications.

Magnetic measurements are made in accordance with IEC 60404-2 or |IEC 60404-3.| The
dens|ty values to be used for magnetic measurements should be as defined in the rel¢vant
prodiict standard. In other cases, the densitywalues should be the subject of agreement.

Randes of specified values of specific\total loss, after final annealing, for four commonly [used
thickhesses are shown in the corresponding product specifications.

4.3.2.1.6 Main application
Thesge 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 jused

in elgctromagnetic relays, small transformers, chokes for fluorescent tubes, electrical meters,
shielfling and magnetic poles of electron and proton synchrotrons.

4.3.2(2 Class C22 - Anisotropic?2 (oriented) steels for use at power frequencies

4.3.2.2A1 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 specifigjtotal lo
morel complete definition of these materials can be based on the following characteristics

1
»
)

e magnetic: magnetic polarization at various values of magnéticfield strength;

e glectrical: type of surface insulation and its resistance,(resistivity;

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

e metallurgical state: annealed and fully recrystallized;
¢ d|mensions: thickness, width and (if required){ength.

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
dens|ty used for calculations is normally 7,65 kg/dm?® and test pieces are taken parallel tp the
axis pf rolling and, before measurement,sundergo stress relief annealing in accordance| with
the recommendations of the manufacturet.

Randes of specified values of maximum specific total loss, after stress relief annealing, fqr the
normially used thicknesses are.also shown in the corresponding product specifications.

In addition, materials whigh‘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 exampje in
transformer.cores.

4.3.2%

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 tothe vatues of specific totaltoss, a more comptete defimitiom of these materials
can he based on the following characteristics:

e magnetic: magnetic polarization at various values of magnetic field strength;
e electrical: type of surface insulation and its resistance, resistivity;

e mlechanical: ductility, stacking factor, flatness, edge camber;

e metallurgical state: annealed and fully recrystallized;

e d|mensions: thickness, width and (if required) length,

The gpecified values of maximum specific total loss for the eommonly used thicknesses are
showhn in the corresponding product specification.

The [magnetic properties are determined in accordanice with IEC 60404-10 and the| test
spec|mens 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 totdl
loss

4.3.2.4.1 Reference document

These materials are noficovered by an IEC publication.

4.3.2.4.2 Chemical composition

The pasic canstituent of these materials is iron. The main alloying element is silicon whose
contgnt may» be between 2 % and 5 %. Other alloying elements, such as alumipium,
manganese, may be added to increase strength and improve magnetic properties.| The
matefialvalso 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:

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

e electrical: surface insulation and its resistance, resistivity;

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

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

e d
4.3.2

Thes|

of magnetic circuits such as rotors of high-speed rotating electric machines.

4.3.2
4.3.2

Thes|

4.3.2

The
contd
mate

4.3.2

The
thick
acco

parallel and half taken perpendicular to the axis of rolling.

mensions: thickness, width and (if required) length.
.4.6 Main applications

e materials are generally used under conditions of alternating flux for the\stressed

5 Class C25 — 6,5 % silicon steels

5.1 Reference document

e materials are not covered by an IEC publication.

5.2 Chemical composition

pasic constituent of these materials is iron. Thé main alloying element is silicon W

nt may be between 6 % and 7 %. Other alloying elements may also be present.

5.3 Basis of subclassification
ecommended subclassification’is based on the specific total loss which is a functi

dance with IEC 60404-10,"using sheared specimens consisting of half the strip

parts

hose
The

rial also contains unavoidable impurities, ‘together with a low level of other elements
whiclh may arise from additions necessitateddtiring the manufacturing process.

bn of

ness, magnetic polarization\value and test frequency. Specific total loss is determin[rzd in

aken

erials

4.3.2.5.4 Available)forms

Thesge 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 matg
can be-based on the following characteristics:

e magnetic: magnetic polarization at various values of magnetic field streng
e electrical: type of surface insulation and its resistance, resistivity;

e mechanical: stacking factor, flatness, edge camber;

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

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

th;
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As an information, particular features of this material are:

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

e the losses measured according to IEC 60404-10 for a material of 0,10 mm thickness at1 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
electfical apparatus.

4.4 | Class D — Other steels

4.41 Class D1 — Bulk material
4.4.1(1 Class D11 — Cast solid steels
4.4.11.1 Reference document

Thesge materials are not covered by an IEC publication.

4.4.11.2 Chemical composition

The basic constituent of these materials is iron cofitaining unavoidable impurities. The jmain
alloylng elements are carbon, whose content is-lower than 0,45 %, and other elements
(namlely chromium, nickel, manganese, molybdénum and silicon) which may be necessgry to
deve|op the required properties.

4.4.1(1.3 Basis of subclassification

The recommended subclassification) is based on the yield strength or 0,2 % proof sfress,
whiclh are a function of chemicah¢omposition and heat treatment.

4.4.11.4 Available forms

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

4.411.5 Physical characteristics

In addition to the values of yield strength, a more complete definition of the material mgy be
basef on’the following characteristics:

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

e electrical: resistivity;

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

e 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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4.41.1.6 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.
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2.2 Chemical composition

The basic constituent of these materials is iron. The main alloying elements are carbon whose
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nt may vary from 0,15 % to 0,5 % and other alloying elements such as\nickel (
chromium (up to 1,8 %), molybdenum (up to 0,5 %), vanadium (up)te 0,12 %
anese (up to 1,9 %), depending on the mechanical properties required and the si

elements (Si, Al) which may arise from additions necessitated during the manufact

2.3 Basis of subclassification

ormally a function of chemical composition and heat treatment.

2.4 Available forms

The aterials are usually supplied in the form‘of forgings in a finally heat-treated and pa
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pbrgings. The material also contains unavoidable impurities together\with a low contgnt of

uring

ecommended subclassification is based on the yield strength or 0,2 % proof stress which

tially

ined condition to drawings supplied by‘the user.
.2.5 Physical characteristics
dition to the values of yieldistrength, a more complete definition of these materialg can

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

e electrical: resistivity;

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

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

e d|mensions: according to drawings supplied by the user.

Mechearical—and—ron-destructive—tests—are—m ir—eaceordance—with—the—appropriate

ISO standards. Magnetic properties are measured

ad
mautcs
n

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

4.4.21 Class D21 - High strength steels — Steel with specified mechanical properties
and permeability

4.4.21.1 Reference document

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

4.4.2.1.2 Chemical composition

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

4.4.21.3 Basis of subclassification

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

4.4.211.4 Available forms

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

4.4.211.5 Physical characteristics

In addition to the proof stress values, a more compleié. definition of these materials cgdn be
basef on the following characteristics:

e nmagnetic: magnetic polarizationtat 'various values of magnetic field strepgth,
from which the relative permeability can be derived;

e electrical: resistivity;

¢ mechanical: tensile strength, elongation, surface condition, suitability for

punching operations, flatness, edge camber;

etallurgical state: hot-rolled; hot-rolled and temper-rolled, cold-rolled and |final
annealed, cold-rolled, annealed and temper-rolled;

]
3

e d|mensions: thiekness, width and (if required) length.

The alues of nominaklthickness normally recommended lie in the range from 0,5 mm to
4,5 mm.

Randes of specified values of mechanical and magnetic properties are shown i the
corrgsponding-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 i TSti ity =02; = =0% are
intended for applications requiring improved machinability. Grades D31-01 and D31-02 [have
redug¢ed 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 aile intended for use in more corrosive environments, while grades D31-05.and D31-0p are
intended for use in the most corrosive environments though with some redugtion in magnetic
perfgrmance.

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 mdre complete definition of these materials can be based on the following characteristi¢s:

e magnetic: saturation magnetic pofarization, maximum permeability, remanent
magnetic polarizationxcoercivity;

e gelectrical: resistivity;

e mechanical: machinability, €old formability, weldability, hardness;

e chemical: corrosion resistance.

Althgugh the chromium contentihfluences the magnetic polarization and electrical resis{ivity,
it dogs not have a pronounced:effect on maximum permeability and coercivity.

4.4.3.6 Main applications

These materials aré used in magnetic cores and other parts requiring a high-permegbility
stain|ess steel having low coercive force and low residual magnetism: magnetic sol¢noid
valvgs and automotive electromechanical devices such as fuel injectors and anti-lock braking
systgms.

4.5 | Class E — Nickel-iron alloys

4.5.1 Class E1 - Nickel content 70 % to 85 %
4511 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.

4.51.4 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

th f Lk .+ ol ot £ 1 % el E Al
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4.5.1|.5 Physical characteristics
A mare complete definition of the material can be based on the following characteristics:

e magnetic: magnetic polarization at various values of maghetic field strepgth,
saturation magnetic polarization, coercivity, maximum amplitudg.

Magnetic measurements are made in accordance with either IEC60404-4 or IEC 60404-6
accofding 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 polarizationnis required.

e Round hysteresis measuring instruments, current  transformers, low-power
Iqop: transformers, relay,, parts, transducers, protective groundifault
circuit breakers, rotor and stator laminations, magnetic shielding;

e Flat hysteresis loop: pulse transformers, thyristor protective chokes, protective grgund-
fault circuit-breakers;
e Rectangular magnetie‘amplifiers, AC/DC converters, saturable inductors, pulse
hysteresis loop: transformer cores.

4.5.2 Class E2 — Nickel content 54 % to 68 %
4.5.211 Reference-document

Thesge materials are'covered by IEC 60404-8-6.

4.5.2.2 Chemical composition

The basic_c¢onstituents 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. Additiopally,
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:

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

e electrical: resistivity;

e mechanical: suitability for winding operations;

e metallurgical state:

final annealed (with or without magnetic field).

semi-processed state, i.e. cold-rolled or fully processed state, i.e.

Typid
corre

Magr

4.5.2

al values for magnetic properties in the fully processed state are given-.n
sponding product specification.

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

6 Main applications
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at hysteresis loop: protective ground-fault circuitzbreakers, pulse transformers,

thyristor protective choke.

Class E3 - Nickel content 40 % to 51 %
1 Reference document
e materials are covered by IEC 60404-8>6.

.2 Chemical composition

basic constituents of these materials are iron and nickel whose content is in the ran

to 51 %. Alloying elemenhts such as molybdenum, manganese, copper, chromiu
n may be added to increase resistivity and improve magnetic properties. The mat
contain unavoidable_impurities, together with a low level of other elements which
from additions necCessitated during the manufacturing process.

3 Basis of-subclassification

je of
m or
rials
may

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

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:

e magnetic: magnetic polarization at various values of magnetic field stre

ngth,
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saturation magnetic polarization, coercivity, remanence ratio;

e electrical: resistivity;

e mechanical: suitability for punching or deep drawing operation;

e 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,
accofding to product form.

4.5.3.6 Main applications

The materials are used where high permeability at low magnetic field strength_in combinjation
with high remanent or saturation magnetic polarization is required.

e Round hysteresis measuring instruments, current transformers, low-power
Iqop: transformers, relay parts, transducers;. \protective groundtfault
circuit-breakers, rotor and stator laminations, magnetic shielding,
Sensors;
e Flat hysteresis loop: pulse transformers, thyristor protective chokes, protective ground
fault circuit breakers;
¢ Rectangular magnetic amplifiers, AC/D€ converters, saturable inductors, pulse
hysteresis loop: transformer cores.

4.5.j Class E4 - Nickel content 35 % to 40°%
4.5.4.1 Reference document

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

4.5.42 Chemical composition

The basic constituents of thésg 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 te.increase resistivity and improve magnetic properties. The matg¢rials
also pontain unavoidable impurities, together with a level of other elements which may jarise
from Jadditions necessitated during the manufacturing process.

4.5.4.3 Basis of subclassification

The fecommended subclassification is based on the coercivity or the amplitude permegbility
ata rlnagnetic 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:

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

e electrical: resistivity;
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e mechanical: suitability for punching and deep drawing operations;

e 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—Mainapplications

The [materials are used for high-frequency and pulse applications, telecommunication
transjators, 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

Thesge materials are not covered by an IEC publication.

4.5.5/2 Chemical composition

The |pasic constituents of these materials are iron _add nickel. The Curie temperature is
stronigly dependent on the nickel content. Alloying etements such as copper may be addged to
improve magnetic performance. The materials also“contain unavoidable impurities toggther
with ja low level of other elements which maycabhise from additions necessitated during the
manyfacturing 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
procgssed condition.

4.5.55 Physical characteristics
A mdre compfefe definition can be based on the following characteristics:

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

e electrical: resistivity;
e 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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Class F — Iron-cobalt alloys
Class F1 — Cobalt content 47 % to 50 %

A Reference document

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

4.6.1

2 Chemical composition

2016

The basic constituents of these materials are iron and cobalt whose content is in the range of
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.3 Basis of subclassification

ecommended subclassification is based on the coercivity.

.4 Available forms

Mmaterials are supplied as hot-rolled rectangular and round bars, cold-drawn wire,

heet, forgings and cold-rolled strip.

.5 Physical characteristics

re complete definition of the material can be basgd‘n the following characteristics:

agnetic: maximum relative permeability, saturation magnetic polariza
magnetic polarizationifor various values of magnetic field stre
remanence, coercivity, specific total loss;

echanical: suitability for punching operations in the cold-worked s

machinability ifrthe hot-worked or heat-treated state, yield stre

strip

ation,
ngth,

tate,
ngth;

etallurgical state: ~ the materials require a heat treatment to develop their full magnetic

propertiés:

etic measurements are\made in accordance with either IEC 60404-4 or IEC 604
ding to product form.

D4-6,

s for magnetic (properties of final annealed material are given in the correspofding

ct specification.

.6 Main applications

materials are used in applications involving extremely high magnetic polarizations i

n low
hsity,

or rgedium magnetic fields such as motors and generators with highest power de

actu ;
aeronautical or aerospace equipment, pole pieces for electromagnets, magnetic lenses and
magnetic bearings.

4.6.2
4.6.2

Class F2 — Cobalt content 35 %

| Reference document

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

4.6.2

.2 Chemical composition

for

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
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agnetic: magnetic polarization at various values of magnetic field stre
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echanical: machinability in the hot-worked or heat-treated state;
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etallurgical state: semi-processed state, i.e. hot-rolled or hot-worked; the material

requires a heat treatment to develop its full magnetic properties.

etic measurements are made in accordance with either IEC 60404-4 or IEC 604
ding to product form.

D4-6,

ified values for magnetic properties of the final annedled materials are given in the

sponding product specification.

.6 Main applications

materials are mainly used for applicationsinvolving either extremely high magnetic

izations or unusually high temperatures and’as pole pieces for electromagnets.

Class F3 — Cobalt content 23 % t0°30 %
1 Reference document

e materials are covered by JEC-60404-8-6.

.2 Chemical compasition
basic constituents of these materials are iron and cobalt of which the content is i
hium may betadded to improve ductility.

.3 Basis of subclassification

ecommended subclassification is based on the coercivity.

h the
m or

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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5 Physical characteristics

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

e magnetic: magnetic polarization at various values of magnetic field stre

saturation magnetic polarization;

e mechanical: ductility; suitability for punching operations in the cold-worked

and machinability in the hot-worked or heat-treated state;

e metallurgical state:  semi-processed state, i.e. hot-rolled, cold-rolled, forged, ca
cold-drawn. The material requires a heat treatment to develop its
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ding to product form.

ified values for the magnetic properties of final annealed material (are given i
sponding product specification.

6 Main applications

izations or particularly high temperatures, such as for €lectromagnetic and elg
anical devices for aeronautical or aerospace equipment, especially when subject
anical load in service such as liquid metal pumps and’ magnetic bearings. They are
for pole pieces for electromagnets.

Class G — Other alloys
Class G1 — Aluminium-iron alloys
.1 Reference document

e materials are not covered by.an IEC publication.

.2 Chemical composition
basic constituents of these materials are iron and aluminium whose content ma

ben 12 % and 16-%, together with unavoidable impurities. These materials may co
ons of chromium.and rhenium to improve the magnetic properties of the alloy.

.3 Basis of subclassification

ecommended subclassification is based on the aluminium content.

4.71

D4-6,

the

e materials are mainly used for applications involving either extremely high magnetic

ctro-
pd to
also
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ntain

.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:

e magnetic: initial and maximum permeability, coercivity, saturation magnetic
polarization, magnetostriction;

e mechanical: hardness, suitability for punching operations, surface condition;

4.7.1.6 Main applications

The [materials are used in the manufacture of laminated cores for magneti¢cyheads
ultragonic 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

metallurgical state: hot-rolled, cast, sintered;
dimensions: thickness, width (as required), diameter.

and

The pasic constituents of these materials are iron, aluminium, the content of which may be
betwegen 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, ce
niobibm and vanadium to improve magnetic and“mechanical properties.

4.7.2.3 Basis of subclassification

The jecommended 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 product
exaniple, powder.

4.7.2.5 Physical.characteristics

rium,

5, for

In addition to_the-initial permeability, a more complete definition can be based on the follgwing

characteristics:

njagnetic: 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 MFe,04 where M usually represents one or mare of the
divalent transition metals. In the most common materials, M is either a combinatign of
manganese and zinc, or of nickel and zinc.

4.8.1.3 Basis of subclassification

The fecommended subclassification is based on the initial permeability.

4.8.11.4 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 cannof/be considered as ferrite material fgr the
purpose of this classification.

4.8.1.5 Physical characteristics
A magre complete definition of these materials may be based on the following characteristics:

e magnetic: initial permeability, saturation magnetic flux density, remanent flux
density, coercivity, relative loss factor at low flux density, hystdresis
material constant, relative temperature factor, disaccommodation
faetor, total harmonic distortion factor, power loss (volume) density,
amplitude permeability;

e mlechanical: density;

e thermal: Curie temperature;

e electrical: resistivity, normalized impedance;

e shapes: rods, tubes, screw and drum cores, balun cores, multi-hole bead,

ring cores, EP, E, EFD, PQ, pot, PM, RM and U cores.
WhereSmaterial values are quoted, these are normally measured on ring cores of sfated
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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;

— ripg cores and multiaperture cores for data storage devices;

— cores for recording heads;
— copres for deflection coils on cathode-ray tubes;
— copres 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
4.8.21 Reference document

These materials are covered by IEC 60404-8-9.

4.8.2,.2 Chemical composition and manufacturing«inethod
Magnetically soft sintered materials are produced.by‘the powder metallurgical (PM) technjque.
This |manufacturing technology allows the ecenomical manufacture of structural partg. An

additjonal heat treatment is necessary if the structural parts have to be machined to keep the
presgribed tolerances or to complete the final shape.

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

4.8.21.3 Basis of subclassification

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

4.8.214 Available forms

Magneticallysoft 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:

e magnetic: magnetic polarization at various values of magnetic field strength,
saturation magnetic polarization, maximum permeability;

e mechanical: density, porosity, hardness;

e 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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Class H3 — Powder composites

A Reference document

These materials are not covered by an IEC publication.

4.8.3

.2 Chemical composition and manufacturing method

2016

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

Purert

are i
injec

4.8.3

For ¢ach material the recommended subclassification is based on the 'initial permea

N use. Powder metallurgical techniques such as cold-isostatic pressing, die pressi
ion moulding are used for manufacturing.

.3 Basis of subclassification

sites
g or

Dility.

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 partsS(powder cores) or cold isostatic

presged blanks. In the case of organic bound composites, shaping by machining is possiljle.

4.8.3.5 Physical characteristics

A mdre complete definition of these materials can'be based on the following characteristi¢s:

e nmagnetic: initial permeability,“saturation magnetic polarization, total | loss
density;

e mlechanical: density;

e electrical: resistivityc

4.8.3.6 Main application

The [materials are used as ring-shaped powder cores for inductive components (stqrage

chokes) and as structural\parts in motor applications.

4.9 | Class | — Amorphous soft magnetic materials

4.9.1 General

Amolphoustalloys are non-crystalline materials which are produced via rapid solidification by

castipd@s thin sheets, wires and powders. Due to the lack of long-range atomic order,|they

have o IIIdHIIUtU'nyDtd”;IIU all;bUtlUpy. =||tC|cat;||9 DUft Illdyllct;b }JIUpUIt;Cb dalc fuund I 1 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,

mang

4.9.2,.3 Basis of subclassification

The fecommended subclassification is based on the saturation magnetic polarization an
shapg of the hysteresis loop.

4.9.214 Available forms

The materials are normally supplied in the form of rapidly salidified thin ribbons of ty
thickpess 20 um to 50 um and in the form of tape wound corest

4.9.215 Physical characteristics

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

anese, carbon or molybdenum to Improve magnetic and mechanical properiies. Part of
the inon may be substituted by nickel or cobalt.

i the

pical

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

e electrical: resistivityy

e thermal: Curiertemperature, crystallization temperature;

e d|mensions: thickness, width;

e mlechanical: ductility, stacking factor;

e nmetallurgical state:  semi-processed state, i.e. as cast. The magnetic propertieg 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:

4.9.256—Mainapptications

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
and

theft detection tags.

kHz,
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4.9.3 Class 12 — 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

2016

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
chror

imprgve magnetic and mechanical properties.

4.9.3.3 Basis of subclassification

The fecommended subclassification is based on the saturation magnetic polarization an
shapg of the hysteresis loop.

4.9.314 Available forms

The

thickpess of 10 um to 50 um and in the form of tape wound cores.

4.9.35 Physical characteristics

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

substitiited hy nickel These gllnyc may conhtain—additions—of—titanivm—vanadium
- Iy b

hium, zirconium, niobium, molybdenum, ruthenium, hafnium, tantalum and tungstén to

i the

materials are normally supplied in the form of rapidly sglidified thin strips with a typical

e magnetic: magnetostriction, _.ifitial permeability, reversible permeabilify at
various values ofimagnetic field strength, specific total loss |as a
function of freqiency, squareness of the B-H loop, coercivity;

e gelectrical: resistivity;

e thermal: Curie temperature, crystallization temperature;

¢ d|mensions: thickness, width;

e mletallurgical 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

withqut a magnetic field.

4.9.3.6 Main applications

Varigtion, of one property normally influences the value of various other properties.|This

H H : H 4 4lo H £ 4 4 4 Hg | | - ol aal £ Il
Sltua TUTT YIvVTOo TI9T 1U UTT TAISITIILVT UT TITdlTy UTTITTTTITU TTITatTlials, ©4AaUull IMTecliiuTu 1UT a 1T1a

small group of applications.

The most important ones are

ively

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
4.9.4

Class I3 — Nickel-based amorphous alloys

A 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 g

4.9.43 Basis of subclassification
The 1

4.9.4.4 Available forms

The

thickpess of 15 um to 50 um.

4.9.4.5 Physical characteristics
A mg

e nmagnetic:

e electrical:

o thermal:

e d|mensions:

o metallurgical state:

The

withd

4.9.46

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

leso ha nrasent
+ 28—+ =

properties depend strongly on the exact composition of the material and on the
treatment. Some magnetic properties can be developed by further heat treatment wi

ut a magnetic figld)

4.10

ecommended subclassification is based on the shape of the hysteresis loop.

materials are normally supplied in the form of rapidly solidified\thin strips with a ty

re complete definition can be based on the following characteristics:

Main applications

Class J — Nano-crystalline soft magnetic materials

magnetostriction, initial {permeability, reversible permeabilit
various values of magnetic field strength, specific total loss
function of frequency;”squareness of the B-H loop, coerg
shielding attenuatiofiratio;

resistivity;

Curie temperature, crystallization temperature;
thickness|_width;

semi<processed state, i.e. as cast.

pical

y at
as a
ivity,

heat

th or

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

2016

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

4.10./5 Available forms

The materials can be supplied in the amorphous state in the form of rapidly solidified
ribbojns of typical thickness 12 um to 30 um and in the nanocrystalline state”in the fo

tape wound cores.

4,106 Physical characteristics

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

e magnetic:

e gelectrical:

e thermal:

o
Q.

mensions:

echanical:

[ )
3

]
3

etallurgical state:

The properties~depend strongly on the exact composition of the material and on the

treatment.

4.10)7 ~» Main applications

specific total loss as a function®of magnetic polarization

thin
m of

and

frequency, specific apparent) power, saturation magnetic

polarization, magnetostrictioh, coercivity, initial permea
reversible permeability at{yarious values of magnetic field stre
squareness of the B-H lgop, remanence;

resistivity;

Curie temperature, crystallization temperature of
nanocrystallinefgrains, crystallization temperature of the amorp
matrix;

thickness( width;
ductility, stacking factor;

semi-processed state, i.e. as cast. The magnetic properties
developed by the heat treatment above the crystalli
temperature. Magnetic fields can be used to support the form
of induced anisotropies.

Dility,
ngth,

the
hous

are
ation
ation

heat

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

e magnetic cores,

e inductive components like current transformers and yokes,

e shielding foils.
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5 Magnetically hard materials (coercivity > 1 kA/m)

5.1

5.1.1

Class Q — Magnetostrictive alloys — Rare earth iron alloys (Class Q1)

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 Tb,Dy(1_)Fey

comy
optin
exce
magt
from
comg

5.1.3

Ther

5.1.4 Available forms

Grair
melti

of magnetization.

5.1.5
A mo
e
e
e tH
e e
e

The
mear

etostrictive properties but the resulting materials are very brittle. As y sy decre
2, the material becomes less brittle and the value of y = 1,95 provides a
romise.

Basis of subclassification

b is no recognized subclassification.

-oriented, round bars of different sizes are available manufactured by free stand
hg or modified Bridgeman solidification processes.)The cylinder axis is the easy dire

Physical characteristics

re complete definition can be based on the following characteristics:

agnetic: magnetostrictive strain at saturation, Curie temperature, mag
elastic coupling factor k33, d-constant (dA/dH), relative permea
magnetic specific acoustic impedance, energy density;

echanical: density, modulus of elasticity, sound speed, tensile stre
compressive strength;

ermal: thermal expansion coefficient;

ectrical: resistivity;

etallurgical.state: grain-oriented and heat-treated

machinability is limited due to their brittleness. The materials can be ground or ¢
s of\a)spark cutter or a diamond wheel.

ounds, the value of x defermines the Ib/Dy ratio and y is the Fe/(1b + Dy) ratio] The
um values of x are close to 0,3, where high magnetostriction is obtained “without
5sive  hysteresis losses. The stoichiometric value for y = 2,0 produces’~optimum

ased
good

zone
ction

neto-
Dility,

ngth,

LUt by

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
5.2.1
5.2.1

Thes

Class R — Magnetically hard alloys
Class R1 — Aluminium-nickel-cobalt-iron-titanium (AINiCo) alloys
A Reference document

e materials are covered by IEC 60404-8-1.
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2 Chemical composition and manufacturing method

2016

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

The
meth

5.2.1
The

segm
form

5.2.1

In adg
defin

e I

e tH

3

e d

3

Rang
AINi(

5.2.1

Thes|

.3 Basis of subclassification

subclassification is based on the magnetic degree of anisotropy and the manufact
pd.

.4 Available forms

uring

magnets are mainly produced in the form of rings, prisms, \eubes, cylinders of arc

ents. Cast magnets with columnar or single crystal structure(are subject to limitations of

and dimensions.

.5 Physical characteristics

dition to the degree of anisotropy and the manufacturing method, a more complete

tion can be based on the following characteristics:

agnetic: maximum BH product;” remanent flux density, coercivity, fecoil
permeability;

ermal: temperature coefficients of remanent flux density and of coergivity,
and Curie temperature;

echanical: density, machinability;

etallurgical state: cast orsintered and heat-treated;

mensions: determined by application.

es of specified valués of magnetic properties and density for isotropic and anisotropic

o alloys are givenJin the corresponding product specification.

.6 Main applications

e materials are used in measuring devices and loudspeakers.

5.2.2

Class R3 — Iron-cobalt-vanadium-chromium (FeCoVCr) alloys

5.2.2

Thes

5.2.2

A Reference document

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

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 Hg.

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
A md
folloy
e
e tH
e
e
e d
Sped

alloy

5.2.2,

Thes|
sens

5.2.3

5.2.3,

Thes|

5.2.3

Two

.5 Physical characteristics
re complete definition of these magnetically anisoiropic materials can be based 0
ving characteristics:
agnetic: maximum BH product, remanent flux density, coercivity;
ermal: temperature coefficients of remanent flux density dnd of coerd
: and Curie temperature;
echanical: machinability before hardening;
etallurgical state: hot- and cold-rolled, heat-treated to develep*magnetic propertigs;
mensions: determined by application.
ified values of magnetic properties and density for fipal‘annealed anisotropic FeC

5 are given in the corresponding product specification(

6 Main applications

e materials are used for compass needles, hysteresis motors, speedometers
brs, and actuators for electromechanical displays.

Class R5 — Rare earth cobalt (RECo) alloys
1 Reference document

e materials are covered by lEC 60404-8-1.

.2 Chemical composition and manufacturing method

main types of RECo magnet material are available; they are based on the compo

h the

ivity,

poVCr

and

unds
ance
% to

y the

SmCps and SmyCo{7. The SmCos alloys consist of 33 % to 36 % samarium and the ba
coba|t. The Smy€o17 alloys consist of 24 % to 26 % samarium, 10 % to 20 % iron, 4,5

12 %| copperather 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
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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re complete definition can be based on the following characteristics:

e magnetic: maximum BH product, remanent flux density, coercivity, recoil

permeability, uniformity field strength;

e thermal: temperature coefficients of remanent flux density and of coercivity,
and Curie temperature;
e mechanical: density, machinability;

e metallurgical state: sintered;

e dimensions: determined by application.

Sinte

Rang
alloy
imprd

5.2.3,

Thes|
trans|

appli

5.2.4,

Thes|

5.2.4.2 Chemical composition and manufacturing method

The
elem

The
draw

metallurgical process. The magnetic performance of the cast as well as sintered materia

be in

5.2.4.3 Basis of-subclassification

The
many

5.2.j Class R6 — Chromium-iron-cobalt (CrFeCo) alloys
1

red materials are brittle but machinable by grinding.

es of specified values of magnetic properties and density for anisotropic sintéered H
5 are given in the corresponding product specification. In addition, materials
ved magnetic properties, especially Hj, are available.

6 Main applications

ducers, separators, magnetic clutches and for medical applications. They find parti
cation where miniaturization is a requirement.

Reference document

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

materials consist of 25 % to 35 _%~chromium, 7 % to 25 % cobalt, 0,1 % to 3 %
ents (e. g. silicon, titanium, molybdenum, aluminium and vanadium) and the balance

CrFeCo alloys can be manufactured by casting, followed by hot and cold rolling
ng to produce strips\.and wires. The magnets can also be formed by a po

creased in a preferred direction by applying a magnetic field during heat treatment.

recommended subclassification is based on the degree of magnetic anisotropy an
facturing method (cast or sintered).

5.2.4.4~ Available forms

ECo
with

e materials are mainly used in rotating machines and many\other motor applicafions,

cular

bther
iron.

and
wder
| can

d the

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:

Randes of specified values of magnetic properties and density for final annealed isotropi¢
anisqgtropic CrFeCo alloys are given in the corresponding product specification.

5.2.4.6 Main applications

Thes|

5.2.5 Class R7 — Rare earth-iron-boron (REFeB) alloys
5.2.51 Reference document

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

5.2.5,.2 Chemical composition and manufacturing method

The glloys are based on the compound REgFe4B. RE is mainly neodymium, which m3
partially substituted by dysprosium, praseodymium or other rare earths. Iron may be pa
substituted by cobalt. The alloys consisf‘of 28 % to 35 % total rare earth, 0 % to 15% cq
0,85(% to 1,2 % boron, 0 % to 10% dysprosium, terbium and praseodymium, 0 % to
dium, niobium, aluminium, gallium and copper, the balance iron. Magnets of this typ¢ can
be diyided into two main groups:

vana

A magtallic or resinous layer on the surface of the magnet may be applied to resist corr

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;

d|mensions: determined by application.

the first group is prepared by compacting milled alloy powder in a magnetic field
s|ntering the compaectéed body for densification followed by a heat treatment, resulting
nmagnet with anisotropic magnetic properties;

the second group uses rapidly solidified flakes prepared by the melt-spinning pro
Three different products are obtained by processing the flakes into an isotropic 1
bpnded _magnet (see 5.5.4), an isotropic hot-pressed magnet and a magnet
ahisotrepic magnetic properties achieved by hot die upset forging or extrusion.

and

e materials are used for measuring devices, loudspeakers, rotating machines (inclliding
hystgresis motors), speedometers and theft detection labels and tags)

y be
tially
balt.
1 %

and

in a

Cess.
esin-
with

Dsive

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.


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

5.2.5

-40 - IEC 60404-1:2016 © IEC

5 Physical characteristics

2016

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

e magnetic: maximum BH product, remanent flux density, coercivity, recoil

permeability, demagnetization field strength;

e thermal: temperature coefficients of remanent flux density and of coercivity,
and Curie temperature;

e mechanical: density, machinability;

e dimensions: determined by application.

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

Randes of specified values of magnetic properties and density for anisotropic sintered R

alloy

5 are given in the corresponding product specification.

5.2.5,6 Main applications

The materials are mainly used for traction motors for hybrid eléctric vehicles (HEV)
electfic vehicles (EV), direct drive type generators for wind turbines, voice coil motors
many other electrical motors, electroacoustical applications, separators, magnetic reson
imag|ng (MRI).

5.3 | Class S — Magnetically hard ceramics — Hard ferrites (Class S1)

5.3.1 Reference document

Thesge materials are covered by IEC 60404-8-1

5.3.2 Chemical composition and manufacturing method

The ¢omposition of the hard ferrites.can be described by the formula MO-»n Fe,05 (wherg

bariu

imprgved by special substitutions: This is particularly so with substitutions of up to 9

lanth

Aanum and up to 4 % ofcebalt. The hard ferrites have a hexagonal structure crystal

magnetic anisotropy.

Com

anisqgtropic or isotropic magnets. The pressed bodies are sintered.

5.3.3

The

Basis)of subclassification

recommended subclassification is based on the degree of magnetic anisotropy an

FFeB

and
and
ance

M is

Im or strontium). The value of w-Ccan vary from 4,5 to 6,5. The magnetic properties may be

% of
with

pacting of the powder is carried out with or without a magnetic field, thus obtgining

d the

manufagturing 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:

e magnetic:

permeability;

maximum BH product, remanent flux density, coercivity, recoil

temperature coefficients of remanent flux density and of coercivity,

ually

* thermal: and Curie temperature;

e mechanical: density, machinability, mechanical strength;

e dimensions: determined by application.

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

Randes of specified values of magnetic properties and density for isotropictand anisofropic
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 td

5.4
5.4.1

Thes|

5.4.2
Thes|

auste
carbd

5.4.3

The 1

Class T — Other magnetically hard materials — Martensitic steels (Class T1)
Reference document

e materials are not covered by an IEC publication.

Composition
e materials have a tetragonal structure which is achieved by water quenching fron

nitic phase. This structure combinés mechanical with magnetic hardness. In additi
n, alloying elements such as cobalt or chromium are present.

Basis of subclassification

ecommended subclassification is based on the cobalt content.

5.4.4 Available forms

Thes|

5.4.5

A mg

e materials,are available as hot-rolled sections.

Physical characteristics

ys.

h the
on to

re.eomplete definition of these materials may be based on the following characteristi

e magnetic: maximum BH product, remanent flux density, coercivity;

e thermal:

and Curie temperature;

e mechanical: density;

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

e dimensions: determined by application.

temperature coefficients of magnetic remanence and of coercivity,

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 H,g 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 theomechgnical
properties of the composite, while the magnet powder determines its magnetic properties| The
prop%rties 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.
Ther¢ is a wide variety of grades.

In spite of their lower magnetic values compared with sintered ‘materials, bonded magnets
offerfeconomic and technical advantages in many applications-betause they are cost-effgctive
to manufacture and allow a wide scope for shaping and./good mechanical propefties.
Expensive and elaborate processing steps required in powder metallurgy are not needed.

5.5.2 Class U1 - Bonded aluminium-nickel-cobalt<iron-titanium (AINiCo) magnets
5.5.2/1 Reference document

Thesge materials are covered by IEC 60404-8>1

5.5.2,.2 Chemical composition and‘manufacturing method

Thesp bonded magnets contain crushed alloys as given in class R1 together with a fesin
binder. This mixture is pressed atielevated temperature and cured.

5.5.2.3 Basis of subclassification

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

5.5.2.4 Available form

The magfets 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 AINiCo
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 'degr¢e of
magnetic anisotropy and the manufacturing method.

5.5.3l4 Available forms

The magnets are produced in simple shapes by compression moulding. More compli¢ated
shappgs 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 matgrial.

The mmagnets may be isotropic or by the application ef\a magnetic field, anisotropic magnets
may pe produced.

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

Randes of specified values of magnetic_properties and density for isotropic and anisotropic
bonded RECo magnets are given in thecorresponding product specification.

5.5.3,6 Main applications

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

5.5.1 Class U3 —Bonhded neodymium-iron-boron (REFeB) magnets
5.5.4.1 Refefence document

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

5.5.41.2 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

5.5.44 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.

5.5.46 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

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

5.5.5,.2 Chemical composition and manufacturing method

Thesp bonded magnets contain powdered ferrites as given in class S1. The powder is mixed
with |a suitable binder and the compact is thenSformed into shape. This can bg by
comgpression, injection moulding, extrusion or by rellihg.

5.5.5.3 Basis of subclassification

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

5.5.5.4 Available forms

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

5.5.5.5 Physical-characteristics

The |magnetieproperties are determined by the ferrite and the fill factor of the bomding
matefial. IThe” magnets may be isotropic. Anisotropic magnets may be produced by
compgression 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 SmyFe, ;N3 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 reductlon dlffu3|on _process usmg Sm203 and

ssed powders is coarse, a subsequent m|II|ng is requwed The powder is mlxed W
suitaple 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 fecommended subclassification is based on the chemical compositidn’

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

Thenrlnagnetic properties are determined by the alloy,/the fill factor of the bonding materiall and
the magnetic field strength for alignment.

The fhermal properties are determined by the~alloy and the bonding material.

Randes of specified values of magneticiproperties and density for anisotropic bonded REFeN
magnets are given in the corresponding product specification.

5.5.6.6 Main applications

The aterials are used in small motors such as stepping and spindle motors and sensors
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

MATERIAUX MAGNETIQUES —
Partie 1: Classification

AVANT-PROPOS

2016

1) Lal] Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normaIiLation

2)

3)

4)

5)

6)
7)

8)

9)

: : Il
La PUIIIIW IIItUIIIdtIUIIdIC

composée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC) /D'IEC

h pour

objet de favoriser la coopération internationale pour toutes les questions de normalisation daps les donpaines

de| I'électricité et de ['électronique. A cet effet, I''EC - entre autres activités — publie) des N
internationales, des Spécifications techniques, des Rapports techniques, des Spécifications accessibl
puplic (PAS) et des Guides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration~est confiée

brmes
les au
a des

comités d'études, aux travaux desquels tout Comité national intéressé par le sujet traité peut participer. Les

organisations internationales, gouvernementales et non gouvernementales, en liaison avec I'lEC, parti
égplement aux travaux. L'IEC collabore étroitement avec I'Organisation Internationale de Normalisation
se|lon des conditions fixées par accord entre les deux organisations.

Lep décisions ou accords officiels de I'lEC concernant les questions techniqdes représentent, dans la n
du| possible, un accord international sur les sujets étudiés, étant donné(que les Comités nationaux d¢g
intéressés sont représentés dans chaque comité d'études.

Lep Publications de I'lEC se présentent sous la forme de recommandations internationales et sont ag
comme telles par les Comités nationaux de I'lEC. Tous les effortswraisonnables sont entrepris afin qud
s'dssure de I'exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue responsa
I'éyentuelle mauvaise utilisation ou interprétation qui en est faite/par un quelconque utilisateur final.

D4ns le but d'encourager l'uniformité internationale, les Comités nationaux de I'lEC s'engagent, dans td
mesure possible, a appliquer de fagon transparente les.Publications de I'lEC dans leurs publications nati
et|régionales. Toutes divergences entre toutes Publications de I'lEC et toutes publications national
régionales correspondantes doivent étre indiquées en-termes clairs dans ces derniéres.

L'IEC elle-méme ne fournit aucune attestation\de conformité. Des organismes de certification indéper
foyrnissent des services d'évaluation de conformité et, dans certains secteurs, accédent aux marqu
copformité de I'lEC. L'IEC n'est responsablend’aucun des services effectués par les organismes de certifi
indépendants.

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

Adcune responsabilité ne dojtétre imputée a I'lEC, a ses administrateurs, employés, auxiliair
mandataires, y compris ses experts particuliers et les membres de ses comités d'études et des C
nafionaux de I'lEC, pour tout préjudice causé en cas de dommages corporels et matériels, ou de tout]
dojnmage de quelque nature que ce soit, directe ou indirecte, ou pour supporter les colts (y compris le
de| justice) et les dépenses découlant de la publication ou de I'utilisation de cette Publication de I'lEC
toute autre Publication de I'lEC, ou au crédit qui lui est accordé.

L'qttention est attirée sur les références normatives citées dans cette publication. L'utilisation de public
référencées estobligatoire pour une application correcte de la présente publication.

L'dttention.est)attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuven
I'opjet de*droits de brevet. L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels
de|brevets et de ne pas avoir signalé leur existence.
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Matériaux magnétiques tels qu'alliages et aciers.

"[EC:

La présente version bilingue (2017-12) correspond a la version anglaise monolingue publiée
en 2016-10.

Cette troisiéme édition annule et remplace la deuxiéme édition parue en 2000, dont elle
constitue une révision technique.
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Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a)

b)
c)
d)

Le texte anglais de cette norme est issu des documents 68/533/CDV et 68/555/RVC.

Le

I'appfobation de cette norme.
La version francgaise de cette norme n'a pas été soumise au vote.
Ce dpcument a été rédigé selon les Directives ISO/IEC, Partie 2.

Une |iste de toutes les parties de la série IEC 60404, publiées sous le titre général Maté
magnétiques, peut étre consultée sur le site web de I'lEC.

Le

stabilité indiquée sur le site web de I'lEC sous "http://webstore.iec.ch” dans les don
relatives a la publication recherchée. A cette date,.le’\document sera

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 a établir une

classification et non une spécification.
Augmentation de la teneur en Ni pour les classes E1 et E3.
Augmentation de la teneur en Co pour les classes F3.

Ajout d'une nouvelle classe: classe U5 — aimants agglomérés terres rares-fer-azote.

repport de vote 68/555/RVC donne toute information sur le vote ayant{abo

cpmité a décidé que le contenu de ce document_fie sera pas modifié avant la dat

r¢conduit,
slipprimé,
rgmplacé par une édition révisée, ou

amendé.

riaux

e de
nées
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MATERIAUX MAGNETIQUES —

Partie 1: Classification

1 Domaine d'application

La présente partie de I'lEC 60404 a pour objet la classification des matériaux magnétiques
dispgnibles commercialement.

Le tgrme "matériaux magnétiques" décrit les substances dont 'application exige exisfence
de prlopriétés ferromagnétiques ou ferrimagnétiques.

Dang le présent document, la classification des matériaux magnétiques” est baségq sur
I'existence généralement reconnue de deux groupes principaux de produits:

¢ |gs matériaux magnétiques doux (coercitivité <1 000 A/m);

e Igs matériaux magnétiques durs (coercitivité >1 000 A/m).

A l'intérieur de ces groupes principaux, la classification regonnait lorsque cela est apprpprié
les c@ractéristiques suivantes:

blément d'alliage principal et I'état métallurgiquéet’les propriétés physiques du matériau;
e Igrsque cela est possible et réalisable pratiquement, la relation entre ces caractéristiques
ept identifiée.

Une Elassification selon les domaines spécifiques d'application ne peut étre appliquée aftous
les matériaux, car différents matériaux, peuvent bien souvent étre utilisés pour la Mméme
applifation en fonction des caractéristiques exigées.

2 Reéférences normatives

Les documents suivantstcités dans le texte constituent, pour tout ou partie de leur contenu,
des [exigences du présent document. Pour les références datées, seule I'édition [citée
s'apglique. Pour les références non datées, la derniére édition du document de réfénence
s'apdlique (y compris les éventuels amendements).

IEC 60050-1214, Vocabulaire électrotechnique international — Partie 121: Electromagnétisme

IEC 60050-151, Vocabulaire électrotechnique international — Partie 151: Dispgsitifs
électriquesetmagnetiques

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 tbles 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 tbles et feuillards magnétiques a l'aide de I'essai sur tble 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 I'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 fréequences 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
parti

IEC ¢
parti
froid,

IEC
parti
livrée

IEC ¢
Sect
magi

IEC ¢
partid

IEC ¢
partid
livrée

IEC ¢
Sect
moyse

IEC ¢
Sect

IEC ¢
partid

IEC ¢

04.04.-8 \ i maagnétigue

tuliers — Matériaux magnétiquement durs

0404-8-3, Matériaux magnétiques — Partie 8-3: Spécifications pour~ ‘maté

tuliers — TdOles et bandes magnétiques en acier non allié et en acier allié, laminé
livrées a I'état semi-fini
60404-8-4, Matériaux magnétiques — Partie 8-4: Spécifications pour maté

uliers — Bandes et tbles magnétiques en acier a grains non orientés, laminées a frg
s a l'état fini

0404-8-5, Matériaux magnétiques — Partie 8: Spécifications pour matériaux particuli
on cinq — Spécification des tbles en acier a caractéristiques mécaniques et perméd
étique garanties

0404-8-6, Matériaux magnétiques — Partie 8-6: Spécifications pour maté
uliers — Matériaux métalliques magnétiquement doux

0404-8-7, Matériaux magnétiques™* Partie 8-7: Spécifications pour maté
uliers — Bandes et tbles magnétiques en acier a grains orientés, laminées a fro
s a l'état fini

0404-8-8, Matériaux magnétiques — Partie 8: Spécifications pour matériaux particuli
on 8: Spécification des~itbles magnétiques extra-minces en acier pour utilisati
nnes fréquences

0404-8-9, Matériaux magnétiques — Partie 8: Spécifications pour matériaux particuli
on 9: Spécification des matériaux magnétiques doux frittés

0404-8-40, Matériaux magnétiques — Partie 8-10: Spécifications pour maté
uliers ~*Matériaux magnétiques (fer et acier) pour relais

riaux
es a

riaux
id et

ers —
bilité

riaux

riaux
id et

ers —
bn a

ers —

riaux

briies

0404-10, Magnetic materials — Part 10: Methods of measurement of magnetic propé

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 I'lEC 60050-
121, I'lEC 60050-151, I'lEC 60050-221 et les normes de produits de la série IEC 60404-8
s'appliquent.

L'ISO et I'lEC tiennent & jour des bases de données terminologiques destinées a étre utilisées

enn

ormalisation, consultables aux adresses suivantes:

EC Electropedia: disponible a I'adresse http://www.electropedia.org/

$0 Online browsing platform: disponible a I'adresse http://www.iso.org/obp

4 Matériaux magnétiques doux (coercitivité <1 kA/m)

4.1

Classe A - Fers

411 Documents de référence

Ces

natériaux sont couverts par I'lEC 60404-8-6 et I''EC 60404-8<10-

4.1.2 Composition chimique

Le cpnstituant de base de ces matériaux est le fer pur; et ils sont souvent appelés

com

mercialement pur" ou "fer doux magnétique". Cesmatériaux contiennent égalemen

impuretés inévitables qui peuvent affecter les “propriétés magnétiques. Les qua
d'imguretés qui ont un effet défavorable sur larémanence magnétique, la coercitivi

pola

risation de saturation et la stabilité des propriétés magnétiques sont limitées a un n

permlettant d'obtenir les propriétés magnétigues exigées pour l'utilisation envisagée. A
d'infgrmation, les impuretés les plus sjgnificatives lorsqu'elles sont présentes dans
matéfriaux sont le carbone (jusqu'a 0,03:%), le silicium (jusqu'a 0,1 %), le manganése (ju
0,2 %), le phosphore (jusqu'a 0,015\%), le soufre (jusqu'a 0,03 %), I'aluminium (ju

0,08

%), le titane (jusqu'a 0,1 %) et(e vanadium (jusqu'a 0,1 %).

NOTE| Pour une meilleure usinabilite;” les quantités de phosphore et de soufre peuvent étre supérieurd

valeu

s indiquées ci-dessus.

4.1.3 Base de soustclassification

Las

qus-classification’recommandée est fondée sur les valeurs de coercitivité.

4.1.4 Formes disponibles

materiaux sont disponibles sous des formes trés variées. lls peuvent étre livrés

"fer
des
tités
e, la
veau
titre
ces
5qu'a
squ'a

S aux

de’ brames, billettes, lingots ou piéces forgées; barres laminées a chaud de se
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4.1.5

Caractéristiques physiques

Outre la coercitivité, une définition plus compléte de ces matériaux peut étre fondée sur les
caractéristiques suivantes:

e magnétiques: polarisation magnétique a saturation, polarisation magnétique

différentes valeurs d'intensité du champ magnétique (a part

pour
ir de

laquelle la perméabilité peut étre déterminée), stabilité des
caractéristiques dans le temps;

e meécaniques: dureté, aptitude au poingonnage, usinabilité, aptitude a
I'emboutissage, résistance a la traction;

e ¢élat métallurgique: formé a chaud ou a froid, forgé, embouti, a I'état fini, c'estia-dire
ayant subi un recuit final.

NOTE| Pour les matériaux non livrés a I'état fini, la sous-classification est fondée sur la coercitivite-mesurée|apres

le traifement thermique effectué conformément aux exigences de la norme de produit ou aux_recommandatigns du

produgteur.

Les |plages de valeurs spécifiées pour les caractéristiques magnétiques mentionnées

ci-depsus a I'état fini sont données dans les spécifications de produits.correspondantes.

4.1.6 Applications principales

Les |applications principales sont les relais a courant. continu, les haut-parleurs| les

électfoaimants, les embrayages magnétiques, les freins, les éléments de circuits magnétiques

dans| les instruments et appareils de mesure, les pieées polaires et piéces diverses |pour

moteurs et génératrices a courant continu.

4.2 | Classe B — Aciers doux a faible teneur en carbone

4.2.1 Classe B1 — Produits massifs

4.2.11 Document de référence

Certgins de ces matériaux sont couverts par I'lEC 60404-8-10.

4.2.1(2 Composition chimique

Le cpnstituant de basé-de ces matériaux est le fer contenant, en dehors des impuretés

inévifables, de fajbles teneurs en autres éléments qui peuvent provenir d'additions

nécepsaires au caours’du procédé de fabrication. La teneur en éléments d'alliage est limitée a

celle|d'un acier-non allié tel que défini dans I'ISO 4948-1, en particulier la teneur en silicium

est inférieure-a 0,5 %.

4.2.1.3 Base de sous-classification

La sous-classification recommandee est fondée sur la Coercitivite.

421

4 Formes disponibles

Ces matériaux sont normalement livrés sous forme de piéces 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 a chaud, laminés a froid ou étirés.
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.5 Caractéristiques physiques

2016

Outre la coercitivité, une définition plus compléte de ces matériaux peut étre fondée sur les
propriétés suivantes:

e magnétiques:

champ magnétique;

polarisation magnétique pour différentes valeurs d'intensité du

e mécaniques: limite d'élasticité (ou limite conventionnelle d'élasticité a 0,2 %),
allongement (L, = 5 d,), absence de défauts;

o état métallurgique: formé a chaud ou a froid, recuit pour développer Iles
earactéristiqresmagnétiques—exigées:

Les ¢ssais mécaniques et les essais non destructifs sont exécutés conformément aux normes

ISO appropriées. La coercitivité doit étre mesurée conformément a I'lEC 60404-7,“les autres

propf

Les
spéc

421

Ces
résis
pour

4.2.2

4.2.2

iétés magnétiques selon I'EC 60404-4.

fication de produit correspondante.

.6 Applications principales

des applications dans les relais).

Classe B2 - Produits plats

1 Documents de référence

Ces matériaux sont couverts par I'lEC 60404-8-3, I'lEC 60404-8-4 et I'lEC 60404-8-10.

4.2.2

Le ¢
inévi
néce
celle

.2 Composition chimique

bnstituant de base de cestmatériaux est le fer contenant, en dehors des impu

5saires au cours du procédé de fabrication. La teneur en éléments d'alliage est limi
d'un acier non allié tel que défini dans I''SO 4948-1, en particulier la teneur en sil

lages de valeurs types des propriétés magnétiques et mécaniques sont'données dans la

matériaux sont utilisés pour de gros aimants a courant continu pour lesquels aucune
ance mécanique n'est exigée (par exemple, aimants de déviation dans des cyclotrons et

retés

ables, de faibles teneurs en autres éléments qui peuvent provenir d'additions

ée a
cium

est |nférieure a 0,5-% Ces matériaux peuvent subir un traitement de recuit apres

poing
4.2.2

La sq
fonct

onnage afin d'aceroitre leurs propriétés magnétiques.

.3 Base-de sous-classification

us-classification recommandée est fondée soit sur les pertes totales massiques qui

1,57

sont

o, de I'épaisseur et sont habituellement mesurées a une polarisation magnétique de
efraux fréquences industrielles courantes, soit (pour les applications dans les relaig) sur

la coercitivité.

4.2.2

4 Formes disponibles

Ces matériaux sont livrés sous forme de tbles ou bandes laminées a froid ou (pour les
applications dans les relais) de téles, plaques ou bandes laminées a chaud.
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4.2.2.5 Caractéristiques physiques

Outre les pertes totales massiques, une définition plus compléte de ces matériaux peut étre
fondée sur les propriétés suivantes:

e magnétiques: polarisation magnétique pour différentes valeurs d'intensité du
champ magnétique;

e mécaniques: aptitude au poingonnage, état de surface, facteur de couplage;

e ¢état métallurgique: laminé a chaud; état dur, c'est-a-dire laminé a froid; état semi-fini,

c'est-a-dire recuit puis laminé a froid;

état fini, c'est-a-dire ayant subi un recuit final.

NOTE| Pour les matériaux livrés a I'état dur ou a I'état semi-fini, la sous-classification est fondée sur.les pertes
totales massiques ou la coercitivité mesurées apres le traitement thermique effectué selon les gxigences|de la
norm¢g de produit ou les recommandations du producteur.

e d|mensions: épaisseur, largeur et (si exigée) longueur.

Les épaisseurs nominales recommandées pour les matériaux laminés\'a froid sont données
dans|les spécifications de produits correspondantes.

Les mesures magnétiques sont effectuées conformément a I''ECJ60404-2, a I''EC 6040413 ou
a I'lE[C 60404-7.

Les plages de valeurs spécifiées pour les pertes totale§ massiques maximales aprés re¢cuit,
pour|les épaisseurs couramment utilisées, sont également données dans les spécifications de
proddiits correspondantes.

La valeur de coercitivité maximale spécifiée pour les matériaux pour relais est comprise entre
40 Alm 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 particulierementiaux petites machines et aux applications dans les relais.

4.3 Classe C — Aciersrau silicium
4.3.1 Classe C1(-,Produits massifs
4.3.1|1 Documents de référence

Certgins de-c€s matériaux sont couverts par I'lEC 60404-8-6 et I'lEC 60404-8-10.

4.3.1.2 Composition chimique

Le constituant de base de ces matériaux est le fer et I'élément d'alliage principal est le
silicium dans une teneur inférieure ou égale a 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 a chaud ou étirées a froid, de
fils, de barres rectifiées, de billettes a forger, et doivent étre soumis a un traitement thermique
aprés formage mécanique afin de développer les propriétés magnétiques exigées.
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.5 Caractéristiques physiques

Outre la coercitivité et la résistivité électrique, une définition plus compléte peut étre fondée
sur les caractéristiques suivantes:

e magnétiques: polarisation magnétique a saturation, polarisation magnétique

différentes valeurs d'intensité du champ magnétique, polaris
magnétique rémanente;

pour
ation

les

e mécaniques: usinabilité, ductilité, dureté;
o état métallurgique: formé a chaud ou a froid, recuit pour développer
caractéristiques magnétiques exigées.

4.3.11.6 Applications principales

Les |applications principales sont les circuits magnétiques de relais, les (cembray

magnétiques, les piéces polaires, les moteurs pas a pas et les enveloppes de@yroscopegq.

4.3.2 Classe C2 - Produits plats

4.3.2(1 Classe C21 — Aciers isotropes ' (a grains non orientés) pour utilisation at
fréquences industrielles

4.3.2(1.1 Documents de référence

Ces [ matériaux sont couverts par [I'IEC 60404-8-3,]'[EC 60404-8-4, I''EC 60404-8

I'EC|60404-8-10.

4.3.211.2 Composition chimique

Le cgnstituant de base de ces matériaux estde~fer. L'élément d'alliage principal est le sili

dans|une teneur pouvant étre inférieure ou ‘€gale a 5 % environ. D'autres éléments d'all

par gxemple I'aluminium, peuvent également étre présents. Ce matériau contient égale

des impuretés inévitables, ainsi que -de faibles teneurs en autres éléments pouvant pro|

d'additions nécessaires au cours du_procédé de fabrication.

4.3.211.3 Base de sous-classification

La spus-classification recommandée est fondée sur les pertes totales massiques qui

fonctjon de I'épaisseur,"eét qui sont normalement mesurées a des valeurs de polaris|

magnétique de 1,5 T et’aux fréquences industrielles.

Lorsque l'application I'exige (par exemple, pour les relais), il peut étre plus appropri

fondgr la sous-classification sur la coercitivité ou la perméabilité.

ages

X

Cium,
iage,
ment
venir

sont
ation

e de

U 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 toles laminées a froid.

4.3.2

1.5 Caractéristiques physiques

Outre les pertes totales massiques, une définition plus compléte peut étre fondée sur les
caractéristiques suivantes:

e magnétiques:

polarisation magnétique pour différentes valeurs d'intensité du

champ magnétique, puissance apparente spécifique pour
diffédrentes valaurs de la nalarication maandtiaile anisaotrani des

Li I A 7 L
pertes;

e électriques: type de revétement isolant et sa résistance, résistivité;

e nécaniques: aptitude au poingonnage, ductilité, résistance a la traction, dyreté,
état de surface et finition, facteur de couplage, planéité, rectitude
des rives;

e éfat métallurgique: état dur, c'est-a-dire laminé a froid; état semi-fini, c'est-a-dire fecuit
ou recuit et laminé a tiéde; état fini, c'est-aidire recuit final;

NOTE| Pour les matériaux livrés en état dur ou a I'état semi-fini, la sous-classification est fondée sur les pertes

totales massiques mesurées aprés traitement thermique effectué selon les exigences de la norme de produit ou

selon |es recommandations du fabricant.

e d|mensions: épaisseur, largeur et (si exigée)dongueur.

Les |valeurs d'épaisseur nominale sont données’dans les spécifications de prdduits

corrgspondantes.

Les mesures magnétiques sont effectuées conformément a I'lEC 60404-2 ou I'lEC 604

Pour
dans
les v

Les

quatie épaisseurs courammeni_utilisées, sont données dans les spécifications de pro

corrg

4.3.2

Ces
d'apq
lesqy

les mesures magnétiques, il convient de retenir les valeurs de masse volumique déf
la norme de produit correspondantesDans les autres cas, il convient de fixer par a
bleurs de masse volumique.

blages de valeurs spécifiées pour les pertes totales massiques aprés recuit final,

spondantes.

.1.6 Application principale

matériaux sont principalement employés pour la confection des circuits magnét
areils électriques, en particulier pour les éléments de machines tournantes
els le flaxy n'est pas unidirectionnel. lls peuvent étre aussi employés pour la constru

der

compteurs electriques, d'écrans et de pdles magnétiques de synchrotrons a électrons
protgns:

lais éleectromagnétiques, de petits transformateurs, de starters de tubes fluorescent

D4-3.
inies
cord

pour
duits

ques
dans
ction
5, de
et a

4.3.2

4.3.2

.2 Classe C22 — Aciers anisotropes2 (a grains orientés) pour utilisation aux
fréquences industrielles
2.1 Documents de référence

Ces matériaux sont couverts par I'lEC 60404-8-6, I'lEC 60404-8-7 et I''EC 60404-8-8.

2 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 I'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 posséde des propriétés anisotropes (orientation cristalline) et présente,
suivant une direction parallele a 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 spus-classification recommandée est fondée sur la perfection de l'orientation/eristalline
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 I'épaisseur et de I'arientation gt qui
sont lnormalement mesurées aux valeurs de la polarisation magnétique de. 1,6 T ou 1,7| T et
aux fféquences industrielles.

4.3.2.2.4 Formes disponibles

Ces matériaux sont normalement livrés sous forme de bande$ ou de toéles laminées a|froid
ayant un revétement isolant inorganique.

4.3.2.2.5 Caractéristiques physiques

Outre la perfection de l'orientation cristalline et les<pertes totales massiques, une défipition
plus fompléte de ces matériaux peut étre fondée sur les caractéristiques suivantes:

e nmagnétiques: polarisation magnétique pour différentes valeurs d'intensit¢ du
champ magnétigue;

e électriques: type de revétement isolant et sa résistance, résistivite;

e mécaniques: ductilité, état de surface et finition, facteur de couplage, planéité,
rectitude des rives;

e ¢tat métallurgique: recuit et entierement recristallisé;

e d|mensions: épaisseur, largeur et (si exigée) longueur.

Les valeurs d'épaisseur nominale normalement utilisées sont données dans les spécificdtions
de produits correspondantes.

Les mesures magnétiques sont effectuées conformément a I''EC 60404-2 ou I'lEC 604D4-3.
La rmassesvolumique a retenir pour les calculs est normalement 7,65 kg/dm3 e} les
éprolyivettes doivent étre prélevées parallelement a I'axe de laminage et soumises, avant
mesuyre,va un recuit de relaxation suivant les recommandations du fabricant. T

Les plages de valeurs spécifiées pour les pertes totales massiques maximales aprés 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 I'lEC 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 parallélement a la direction de laminage a froid comme
dans les noyaux de transformateurs.
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4.3.2
4.3.2

3 Classe C23 -Toles minces d'acier au silicium

3.1 Document de référence

Ces matériaux sont couverts par I''EC 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 étre comprise entre 2 % et 4 %. D'autres éléments d'alliage,
nommément 'aluminium, peuvent également étre présents. Ce matériau contient également

des impuretés nevitables, ainsi que de faibles teneurs en autres elements pouvant pro
d'additions nécessaires au cours du procédé de fabrication.

4.3.2

La squs-classification recommandée est fondée sur 'anisotropie magnétique |et sur les p
total¢s massiques qui sont fonction de I'épaisseur, de la valeur de polarisation magnétiq

de la

4.3.2

Ces matériaux sont normalement livrés sous forme de bandes<u de toles laminées a froid.

4.3.2

Outre les pertes totales massiques, une définition¥plus compléte peut étre fondée su
caragtéristiques suivantes:

e mlagnétiques: polarisation magnétique pour différentes valeurs d'intensit
champ magnétigue;

e électriques: type de revétement isolant et sa résistance, résistivite;

e nécaniques: ductilité,.facteur de couplage, planéité, rectitude des rives;

e ¢tat métallurgique: recuit-et entierement recristallisé;

e d|mensions: épaisseur, largeur et (si exigée) longueur.

Les

couragmment utilisées 'sont données dans la spécification de produit correspondante.

Les

éprolivettes d'essai sont préparées comme décrit dans la spécification.

4.3.2

.3.3 Base de sous-classification

fréquence d'essai.

.3.4 Formes disponibles

.3.5 Caractéristiques physiques

valeurs spécifiées:*pour les pertes totales massiques maximales des épaiss

propriétés magnétiques sont déterminées conformément a [I'lEC 60404-10, e

36 Applications principales

venir

ertes
Le et

r les

A\1’A)

du

eurs

les

Ces matériaux sont essentiellement utilisés pour la construction de circuits magnétiques
de transformateurs et de machines tournantes fonctionnant a des fréquences supérieures
a 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 étre comprise entre 2 % et 5 %. D'autres éléments d'alliage tels que
l'aluminium, le manganése, peuvent aussi étre ajoutés afin d'accroitre 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 squs-classification recommandée est fondée sur la limite d'élasticité.

4.3.24.4 Formes disponibles

Ces matériaux sont normalement livrés sous forme de bandes ou tdles laminées a frdid et
ayan} subi un recuit final.

4.3.24.5 Caractéristiques physiques

Outrg la limite d'élasticité, une définition plus compléte de ces matériaux peut étre fondég sur
les caractéristiques suivantes:

e njagnétiques: pertes totales massiques, polarisation magnétique pour différ¢ntes
valeurs d'intensité du champ magnétique;

e ¢électriques: isolation de la surface et sa‘résistance, résistivité;

e mécaniques: résistance a la traction,.allongement, dureté, facteur de couplage;

e érat métallurgique: état fini, c'est-a-direcayant subi un recuit final;

e d|mensions: 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
partigs sous contrainte dans.des circuits magnétiques, tels que les rotors de machines
électfiques tournantes a grande vitesse.

4.3.2|.5 Classe C25.<"Aciers a 6,5 % de silicium
4.3.2,.5.1 Document de référence

Ces matériaux\ne sont pas couverts par une publication IEC.

4.3.215,2 Composition chimique

Le constifuant de base de ces matériaux est e fer. L'élément d'alliage principal est Te silicium,
dans une teneur pouvant étre comprise entre 6 % et 7 %. D'autres éléments d'alliage peuvent
également étre 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 I'épaisseur, de la valeur de polarisation magnétique et de la fréquence d'essai.
Les pertes totales massiques sont déterminées conformément a I'lEC 60404-10, en utilisant
des échantillons cisaillés composés pour moitié de bandes prélevées parallélement a la
direction de laminage et pour I'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 téles laminées a froid.

4.3.2.5.5 Caractéristiques physiques

Outre les pertes totales massiques, une définition plus compléte peut étre fondée sur les
caractéristiques suivantes:

e magnétiques: polarisation magnétique pour différentes valeurs d'intensité du
champ magnétique;

e ¢éfectriques: fype de revétement isolant et sa resistance, resistiviie;

e mécaniques: facteur de couplage, planéité, rectitude des rives;

e éfat métallurgique: état fini, c'est-a-dire ayant subi un recuit final;

e d|mensions: épaisseur, largeur et (si exigée) longueur.

A titrg d'information, ce matériau présente les caractéristiques particuliéres suivantes:

e upe magnétostriction quasiment nulle d'environ 1 x 10-7 a 1 T et.400 Hz pour une mesure
effectuée a l'aide d'un compteur volumétrique a fibres optiques;

e Igs pertes pour un matériau de 0,10 mm d'épaisseur mesutees selon I'lEC 60404-10 8 1 T
ef 400 Hz sont d'environ 6 W/kg et a 0,05 T et 20 kHz dtenviron 7 W/kg.

4.3.2.5.6 Applications principales

Ces [ matériaux sont généralement utilisés dans< des circuits magnétiques d'appareils
électfiques fonctionnant a des fréquences supérieures a 100 Hz, et qui exigent une sortie a
faiblg bruit et une faible perte a cceur a fréquence plus élevée, tels que les transformateprs a
hautg fréquence, les réacteurs et moteurs d'appareils électriques portables.

4.4 | Classe D — Autres types d'aciers
4.41 Classe D1 - Produits massifs

4.4.1(1 Classe D11 — Aciers moulés
44111 Documentide‘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'alligge, principal est le carbone dans une teneur inférieure a 0,45 % et d'autres éléments
(tels |qgue’le chrome, le nickel, le manganése, le molybdéne et le silicium) peuvent éqalgrnent
étre 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 a 0,2 % qui sont fonction de la composition chimique et des
traitements thermiques.

44114 Formes disponibles

Ces matériaux sont normalement présentés sous forme de piéces moulées ayant subi un
traitement thermique final ou sous forme de piéces partiellement usinées suivant les plans de
I'utilisateur.
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Outre les limites d'élasticité, une définition plus compléte de ces matériaux peut étre fondée
sur les caractéristiques suivantes:

e magnétiques:

champ magnétique, coercitivité;

e électriques: résistivité;

e mécaniques:

par choc, absence de défauts;

polarisation magnétique pour différentes valeurs d'intensité du

résistance a la traction, allongement, énergie de rupture en flexion

e @&

Les ¢

at métallurgique: soit normalisé et revenu, soit trempé et revenu.

ssais mécaniques et les essais non destructifs sont exécutés conformément aux'no

ISO a@ppropriées. La coercitivité est mesurée conformément a I''EC 60404:7,)les a

propf
4.4.1
Ces

élect
de m
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4.4.1

4.41

ietés magnétiques conformément a I'lEC 60404-4.

.1.6 Applications principales
matériaux sont utilisés pour la construction de circuits ~magnétiques d'app
rfiques lorsqu'une certaine résistance mécanique est exigéefcen particulier les élé

achines tournantes, tels que les rotors, piéces polaires, plaques de pression, culg
ants.

.2 Classe D12 — Piéces forgées

.2.1 Document de référence

Ces matériaux ne sont pas couverts par une publication IEC.

4.41

2.2 Composition chimique

Le constituant de base de ces matériaux est le fer. Les éléments d'alliage principaux sd

carbg

d'alligge tels que le nickel (jusgw‘a 4 %), le chrome (jusqu'a 1,8 %), le molybdéne (ju

0,59
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), le vanadium (jusqu'a“0;12 %) et le manganése (jusqu'a 1,9 %) selon les propf
niques exigées et les ‘dimensions des piéces forgées. Le matériau contient auss

provenir d'additions ngcessaires au cours du procédé de fabrication.
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.24 Formes disponibles

Ces matériaux sont normalement livrés sous forme de piéces forgées ayant subi un traitement

thermique final

|'utilisateur.

ou sous forme de piéces partiellement usinées suivant les plans de
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4.41

.2.5 Caractéristiques physiques

Outre les limites d'élasticité, une définition plus compléte de ces matériaux peut étre fondée
sur les caractéristiques suivantes:

magnétiques:

mécaniques:

champ magnétique;

électriques: résistivité;

par choc, aptitude au pliage, absence de défauts;

polarisation magnétique pour différentes valeurs d'intensité du

résistance a la traction, allongement, énergie de rupture en flexion

e @&
e d
Les ¢

at métallurgique: soit normalisé et revenu, soit trempé et revenu;
mensions: suivant les plans de l'utilisateur.
ssais mécaniques et les essais non destructifs sont exécutés conformément-aux no

ISO g@ppropriées. Les propriétés magnétiques sont mesurées conformément & 1JEC 60404

4.41
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élect
sollig
polai

4.4.2
4.4.2

4.4.2

.2.6 Applications principales

fiques, particulierement dans les parties des machines~todrnantes soumises 3

res, noyaux polaires et plaques d'extrémité.

Classe D2 — Produits plats

.1 Classe D21 — Aciers a haute résistance — Aciers avec propriétés mécaniq
et perméabilité spécifiées

1.1 Document de référence

Ces matériaux sont couverts par I'lEC60404-8-5.

4.4.2

Le c

1.2 Composition chimique

rmes
}-4.

matériaux sont utilisés pour la construction de circuits\ magnétiques d'appareils

des

itations mécaniques telles que les arbres de machines ‘tournantes, épanouissenpents

ues

pnstituant de base de ces matériaux est le fer. Les éléments d'alliage peuvent éfre le

carbgne 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 spus<classification recommandée est fondée sur la limite conventionnelle d'élastidité a
0,2 %:

4.421.4 Formes disponibles

Ces matériaux sont normalement livrés sous forme de bandes ou de tdles.
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