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htional co-operation on all questions concerning standardization in the electrical and electronic
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ical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referréd to
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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)
d)

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

Enla
Enla
Addi

rgement of the Ni content for the classes E1 and E3.
rgement of the Co content for the classes F3.
tion of a new class: U5 bonded rare earth-iron-nitrogen magnets.
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The text of this standard is based on the following documents:

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

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

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

A list f all rr_\nrfc in_the IEC 60404 Qnrinc’ pllhlichnr\l under the gnnnr:\l title I\lagnetic
materials, can be found on the IEC website.

The committee has decided that the contents of this document will remain unchanged pntil the
stability|date indicated on the IEC website under "http://webstore.iec.ch" in,the*data rglated to
the speg¢ific document. At this date, the document will be
e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amepded.

A bilinglial version of this publication may be issued at a later date.
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MAGNETIC MATERIALS -

Part 1: Classification

1 Scope

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

The ter
existend

In this
recogni:

e soft
e hard

Within

m "magnetic materials" denotes substances where the application requ
e of ferromagnetic or ferrimagnetic properties.

red existence of two main groups of products:

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

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

hese main groups, the classification when appropfriate recognizes the f

characteristics:

e the
matg
e whe

A class
differen

brial;

materials can very often be used for the same application depending

characteristics required.

2 Nol

The foll
content
cited ap

mative references

pwing documents .are referred to in the text in such a way that some or all

any ame¢ndments) applies.

IEC 600

50-121\International Electrotechnical Vocabulary — Part 121: Electromagnetis

IEC 600

res the

document, the classification of magnetic materials is based upon. ‘the generally

bllowing

main alloying element and the metallurgicalistate and physical propertied of the

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

fication by specific areas of application cannot be applied to all materials because

on the

of their

constitutes requirements of this document. For dated references, only the| edition
plies. For undated references, the latest edition of the referenced document (including

m

502151, International Electrotechnical Vocabulary — Part 151: Electrical and magnetic

devices

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

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

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

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

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

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

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

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

IEC 60404-8-4, Magnetic materials — Part 8-4: Specifications for individttal materials|— Cold-
rolled npn-oriented electrical steel strip and sheet delivered in the fullysprocessed statg

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

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

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

IEC 60404-8-8, Magnetic materialsx~ Part 8: Specifications for individual matgrials -
Section|8: Specification for thin magnetic steel strip for use at medium frequencies

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

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

IEC 60404-105-Magnetic materials. Part 10: Methods of measurement of magnetic prpperties
of magnetic'sheet and strip at medium frequencies

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

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60050-121,
IEC 60050-151, IEC 60050-221 and in the product standards of the IEC 60404-8 series apply.

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

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 soft" irons. The material also contains unavoidable
impuriti i e, i Tt y affect
the remanence, coercivity, saturation, magnetic polarization and stability of the\(mpagnetic
properties are limited to produce the required magnetic properties for .the pfoposed
applicatjon. For information the most significant impurities when they are present in these
materials are carbon (up to 0,03 %), silicon (up to 0,1 %), manganese (up to (0,2 %),
phosphorus (up to 0,015 %), sulphur (up to 0,03 %), aluminium (up to 0,08,%), titanium (up to
0,1 %) and vanadium (up to 0,1 %).

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

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 ap slabs,
billets, ingots or forgings; as hot-rolled bar:if rectangular and square cross-sections;| as hot-
rolled wire rod in round, hexagonal and\octagonal cross-sections; in cold-rolled angl drawn
forms a$ bar and wire; as hot- or cold-rolled sheet and strip.

41.5 Physical characteristics

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

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

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

: hat 1l kad £ A A A £.11 A :
o met ”ulgu,ai state TOT—O—CCOTWOoOTrKe G ot get—CGeeP—trawn—umry—pProCeSSet—S ate, l.e.

final annealed.

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

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

4.1.6 Main applications

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

421

4211

Class B1 — Bulk material

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 defin

4213

The rec

4.21.4
These 71

treated
wire in t

4.21.5

In addit
followin

e mag

e mecC

ed in ISO 4948-1, in particular silicon is less than 0,5 %.

Basis of subclassification

bmmended subclassification is based on the coercivity.

Available forms

naterials are normally supplied in the form of castings/or forgings in a fin
condition or partially machined to drawings supplied by the user or as bar, wir,
he hot-rolled, cold-rolled or cold-drawn condition.

Physical characteristics

on to the coercivity a more complete definition of these materials can be base
) properties:

netic: magnetic polarization at various values of magnetic field stre

hanical: yield strength~\(or 0,2 % proof stress) elongation (L, =
freedom from defects;

al heat-
e rod or

i on the

ngth;
5 do),

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

Mechan
ISO sta
properti

Ranges
corresp

4.2.1.6

characteristics.

fjcal and non-destructive tests are made in accordance with the app

s in accordance’ with IEC 60404-4.

of typical values of magnetic and mechanical properties are given
bnding-product specification.

ropriate

ndards. Coercivity shall be measured in accordance with IEC 60404-7, other magnetic

in the

Main applications

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

4.2.2
4.2.21

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

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

4.2.2.3 Basis of subclassification
The recommended subclassification is based either on the specific total loss which is a

function of thickness and is normally measured at a magnetic polarization value of 1,5 T and
at normal industrial power frequencies or (for relay application) on the coercivity.

4.2.2.4 Available forms

These materials are supplied in the form of cold-rolled coils or sheets or (for relay application)
in the fgrmrofot=rotted atlip, streetor piatc.

4.2.2.5 Physical characteristics

In addit|on to specific total loss, a more complete definition of these materials can bg based
on the fpllowing properties:

e magpetic: magnetic polarization at various values of magnetic field strength;
e mechanical: suitability for punching operations, /surface condition, $tacking
factor;

o 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 Fpr material delivered in the hard or semi-processed state, subclassification is based on the total specific
loss or doercivity measured after heat treatment accordiny to the requirements of the product standard or
recommendations of the manufacturer.

¢ dimensions: thickness, widthand (as required) length.

Recommended nominal thicknesses”for the cold-rolled materials are given |[in the
corresponding product specifications:

Magnetic measurements are, made in accordance with |EC 60404-2, IEC 60404-3 or
IEC 604/04-7.

Ranges|of specified values of maximum specific total loss, after annealing, for the codmmonly
used thicknesses_ are*also shown in the corresponding product specifications.

The specified maximum value of coercivity for relay material ranges from 40 A/m to 24D A/m.

4.2.2.6 L —Mainapplications

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

4.3 Class C - Silicon steels
4.3.1 Class C1 — Bulk material
4.3.1.1 Reference documents

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

4.3.1.2 Chemical composition

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

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

4.3.1.4 Available forms
These materials are available as hot-rolled and cold-drawn bar, wire, ground bar and forging

billets and require heat treatment after mechanical working to achieve the required magnetic
properties.

4.3.1.5 Physical characteristics

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

e magpetic: saturation magnetic polarization, magnetic polarization at|various
values of magnetic field strength, remanent magnetic polarization;

e mechanical: machinability, ductility, hardness;

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

4.3.1.6 Main applications

The maljn applications are for the magnetic circuits oftelays, magnetic clutches, magnetic
pole pielces, 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 frequencjes
4.3.21.1 Reference documents

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

4.3.21.2 Chemical composition

The bagic constituent ‘of)these materials is iron. The main alloying element is silicon, whose
content|may be up.t0."approximately 5 %. Other alloying elements, for example aluminium,
may alsjo be present. The material also contains unavoidable impurities, together with a low
level of jother elements which may arise from additions necessitated during the manufacturing
process

4.3.2.1.3—Basisof 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
anisotropy of loss;

> N £ L H L s (- - N - F- b
o electricat: typeorsurrace msturatiomandits resrstance, reststvity;

e mechanical: suitability for punching operations, ductility, tensile\ Strength,
hardness, surface condition and finish, stacking facter, flatness,
edge camber;

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

NOTE Fpr material delivered in the hard or semi-processed state, the subclassification is based on thle specific
total losges measured after heat treatment according to the requirements¥of the product standafd or the
recommendations of the manufacturer.

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

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

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

Ranges|of specified values of specifi¢ total loss, after final annealing, for four commonly used
thicknegses are shown in the corresponding product specifications.

4.3.2.1.6 Main application

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

4.3.2.2 Class C22 - Anisotropic?2 (oriented) steels for use at power frequencieg

4.3.2.2.1 ~~_Reference documents

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

4.3.2.2.2 Chemical composition

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

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

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

4.3.2.2.4 Available forms

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

4.3.2.2. 5—Physicatcharacteristics

In additjon to the perfection of crystal orientation and to the values of specific™total loss, a
more cgmplete definition of these materials can be based on the following characterist|cs:

e magpetic: magnetic polarization at various values of magnetic field strgngth;

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

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

e metallurgical state: annealed and fully recrystallized;
¢ dimensions: thickness, width and (if required)dength.

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

Magnetic measurements are made in accordance with IEC 60404-2 or |IEC 60404-3. The
density used for calculations is normally 7,65"kg/dm?® and test pieces are taken parall¢l to the
axis of folling and, before measurement,'undergo stress relief annealing in accordance with
the recdmmendations of the manufacturer.

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

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

4.3.2.2.6 Main.applications

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

4.3.2.3 Class C23 — Thin silicon steels
4.3.2.3.1 Reference document

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

4.3.2.3.2 Chemical composition

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

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

4.3.2.3.4 Available forms

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

4.3.2.3.5 Physical characteristics

In addition to the values of specific total loss, a more complete definition of these materials

can be based-onthefolowingcharacterishes————————————————————————————————

e magpetic: magnetic polarization at various values of magnetic field, strength;
e elecjrical: type of surface insulation and its resistance, resistivity;
e mechanical: ductility, stacking factor, flatness, edge camber;

e metallurgical state: annealed and fully recrystallized;

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

The spdcified values of maximum specific total loss for the gommonly used thicknegses are
shown iph the corresponding product specification.

The mdgnetic properties are determined in accordancé with IEC 60404-10 and the test
specimgns 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
operatirlg at frequencies above 100 Hz.

4.3.2.4 Class C24 — Steels with'specified mechanical properties and specific tptal
loss

4.3.2.4.1 Reference document

These materials are not covered by an IEC publication.

4.3.2.4.2 Chemical composition

The bagic cohstituent 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 propertiLs. The
material also contains unavoidable impurities, together with a low level of other elements
which may arise from additions necessitated during the manufacturing process.

4.3.2.4.3 Basis of subclassification

The recommended subclassification is based on the yield strength.

4.3.2.4.4 Available forms

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

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

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;

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

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

4.3.2.4.6 Main applications

These materials are generally used under conditions of alternating flux for the stress¢d parts
of magnletic circuits such as rotors of high-speed rotating electric machines,

4.3.2.5 Class C25 — 6,5 % silicon steels

4.3.2.5.1 Reference document

These materials are not covered by an IEC publication.

4.3.2.5.2 Chemical composition

The bagic 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 presegnt. The
material also contains unavoidable impurities;(together with a low level of other efements
which may arise from additions necessitated.during the manufacturing process.

4.3.2.5.8 Basis of subclassification

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

4.3.2.5.4 Available-forms

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

4.3.2.5.p Physical characteristics

In additlormtothevatuesof specific totattoss;,amorecomptetedefimitiomofthesematerials
can be 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 mechanical: stacking factor, flatness, edge camber;

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

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

e a nearby zero magnetostriction of almost 1 x 107 at 1 T and 400 Hz when measured with
an optical fiber displacement meter.

o 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

4.4 Class D — Other steels

4.41 Class D1 — Bulk material
4411 Class D11 — Cast solid steels
4.41.1.1 Reference document

These materials are not covered by an IEC publication.

4.41.1.2 Chemical composition
The bagic constituent of these materials is iron containing unavoidable impurities. The main
alloying| elements are carbon, whose content isklewer than 0,45 %, and other eJements

(namelyl chromium, nickel, manganese, molybdeum and silicon) which may be necegsary to
develop|the required properties.

4.4.1.1.8 Basis of subclassification

The redommended subclassification is based on the yield strength or 0,2 % proof| stress,
which afe a function of chemical.cémposition and heat treatment.

4.4.1.1.4 Available forms

These materials are usually supplied in the form of castings in a final heat-treated congition or
partiallyymachined totdrawings supplied by the user.

4.411.% Physical characteristics

In additlon’ te-the values of yield strength, a more complete definition of the material[may be
based 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.

4.41.2

Class D12 — Forged solid steel

4.4.1.2.1 Reference document

These materials are not covered by an IEC publication.

4.4.1.2.2—Ghemical-compeosition

The bagic constituent of these materials is iron. The main alloying elements are carbo
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from defects;
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nsions: according to drawings supplied by the user.

Mechanical and non-destructive tests are made in accordance with the appropriate
ISO standards. Magnetic properties are measured in accordance with IEC 60404-4.

4.41.2.6 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

44211 Reference document

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

4.4.2.1.2 Chemical composition

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

4.4.2.1.8 Basis of subclassification

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

4.4.21.4 Available forms

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

4.4.21.5 Physical characteristics

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

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

e electrical: resistivity;

e mechanical: tensile strength, elongation, surface condition, suitabllity for

punching operations, flatness, edge camber;

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

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

The values of nominal_thickness normally recommended lie in the range from 0,3 mm to
4,5 mm

Ranges| of specified values of mechanical and magnetic properties are shown| in the
corresppndifg product specification.

4.4.2.1.6 Main applications
These materials are generally used under conditions of DC magnetization for the stressed

parts of the magnetic circuits of rotating electrical machines, particularly spiders, rims and
poles.

4.4.3 Class D3 — Stainless steels
4.4.3.1 Reference document

These materials are presently not covered by an IEC publication.

4.4.3.2 Chemical composition

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

4.4.3.3 Basis of subclassification

The recommended subclassification is based on chromium content and fabrication
characteristics. Grades D31-01, D31-03 and D31-05 are intended for applications requiring
good cold formmg characterlstlcs and weldablllty Grades D31-02, D31-04 and D31-06 are
intended—fer—apphca - 32 have

are, however, only suitable for moderately corrosive environments. Grades D31¢03 apd D31-
04 are iptended 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
performpance.

4.4.3.4 Available forms

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

4.4.3.5 Physical characteristics

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

e magpetic: saturation magnetic polarization, maximum permeability, r¢gmanent
magnetic polarizationscoercivity;

e electrical: resistivity;

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

e chenical: corrosion resistance.

Although the chromium content-influences the magnetic polarization and electrical registivity,
it does mot have a pronounced effect on maximum permeability and coercivity.

4.4.3.6 Main applications

These materials arel\used in magnetic cores and other parts requiring a high-permeability
stainlesg steel having low coercive force and low residual magnetism: magnetic $olenoid
valves gnd automotive electromechanical devices such as fuel injectors and anti-lock|braking
systems.

4.5 Class E=Nickelsiromatoys
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
the final heat-treated state for example as toroidal strip wound cores.

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

e magpetic: magnetic polarization at various values of magnetic field strength,
saturation magnetic polarization, coercivity, maximum amplifude.

Magnetic measurements are made in accordance with either IE€ 60404-4 or IEC $0404-6
according to product form.

4.5.1.6 Main applications

The maferials are used where high permeability at low_magnetic field strength in compination
with high remanent or saturation magnetic polarization.is required.

e Roupd hysteresis measuring instrumeants, current  transformers, loy-power
loop transformers, relay< parts, transducers, protective groynd-fault
circuit breakers, rotor and stator laminations, magnetic shielding;

e Flat|hysteresis loop: pulse transformers, thyristor protective chokes, protective |ground-
fault circuitsloreakers;

e Rectangular magnetie jamplifiers, AC/DC converters, saturable inductorg, pulse
hysteresis loop: transformer cores.

4.5.2 Class E2 - Nickel ‘content 54 % to 68 %
4.5.2.1 Reference document

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

4.5.2.2 Chemical composition

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

4.5.2.3 Basis of subclassification

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

4.5.2.4 Available forms

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

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

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

e electrical: resistivity;

e mechanical: suitability for winding operations;

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

Typical values for magnetic properfies in the fully processed state are given in the
corresppnding product specification.

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

4.5.2.6 Main applications
The malferials are used where high permeability at low magnetic field{strength is required.

e Rouhd hysteresis protective ground-fault circuit-breakers, transducers, measuring
loop transformers;

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

4.5.3 Class E3 — Nickel content 40 % to 51 %
4.5.3.1 Reference document

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

4.5.3.2 Chemical composition

The badic constituents of these-materials are iron and nickel whose content is in the fange of
40 % tg 51 %. Alloying elements such as molybdenum, manganese, copper, chromium or
silicon may be added to in¢rease resistivity and improve magnetic properties. The materials
also conptain unavoidable~impurities, together with a low level of other elements whijch may
arise frgm additions necessitated during the manufacturing process.

4.5.3.3 Basis‘of-subclassification

field strength-of 0,4 A/m or the shape of the hysteresis loop: round (isotropic), flat (mpagnetic
field anmealed) or rectangular (anisotropic)

The redommended subclassification is based on the amplitude permeability at a ;[agnetic

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 strength,
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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,
according to product form.

4.5.3.6 Main applications

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

e Round hysteresis measuring instruments, current transformers, loy-power
loop transformers, relay parts, transducers, \(protective groynd-fault
circuit-breakers, rotor and stator laminations, magnetic shielding,

Sensors;

e Flat|hysteresis loop: pulse transformers, thyristor protéctive chokes, protective| ground
fault circuit breakers;

e Rectangular magnetic amplifiers, AC/DC"Converters, saturable inductorg, pulse
hysteresis loop: transformer cores.

4.5.4 Class E4 - Nickel content 35 % to 40-%
4.5.4.1 Reference document

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

4.5.4.2 Chemical composition

The badic constituents of these materials are iron and nickel whose content is in the fange of
35 % td 40 %. Alloying ,efements such as molybdenum, manganese, copper, chror:Lnium or
silicon may be added to“increase resistivity and improve magnetic properties. The materials
also comtain unavoidable impurities, together with a level of other elements which may arise
from additions negessitated during the manufacturing process.

4.5.4.3 Basis of subclassification

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

4.5.4.4 Available forms
The materials are available as hot-rolled sections and strips, forgings, cold-drawn wire and

cold-rolled sheet and strip. It is commonly supplied in the semi-processed state, but a number
of materials are available in the fully processed state.

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

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;

o metallurgical state:

properties.

the materials require a heat treatment to develop their full magnetic

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

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

4.5.4.6

Main applications

The materials are used for high-frequency and pulse applications, telecommu

translat
magneti

4.5.5

4.5.51

brs, high-frequency filters or transformers, blocking transformers, pulse trans
Cc shields.

Class E5 - Nickel content 29 % to 33 %

Reference document

These materials are not covered by an IEC publication.

4.5.5.2

The ba
strongly
improve]
with a |
manufa

4.5.5.3

Chemical composition

bic constituents of these materials are iron @and nickel. The Curie temper
dependent on the nickel content. Alloying elements such as copper may be 4
magnetic performance. The materials alsp-contain unavoidable impurities {
pw level of other elements which may_atise from additions necessitated du
tturing process.

Basis of subclassification

A possilble basis of subclassification is'the maximum service temperature.

4554

The mas
process

4.5.5.5

A more

Available forms

terials are supplied as cold-rolled strip or cold-drawn wire usually in t
ed condition.

Physical characteristics

complete definition can be based on the following characteristics:

nication
ormers,

ature is
dded to
ogether
ring the

he fully

e mag

hefic: 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;

4.5.5.6

fully processed, i.e. final annealed.

Main applications

Temperature compensators (magnetic shunts) for permanent magnet measuring devices
especially for electric current (watt-hour) meters and automotive voltage regulators.
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4.6 Class F - Iron-cobalt alloys

4.6.1
4.6.1.1

Class F1 — Cobalt content 47 % to 50 %

Reference document

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

4.6.1.2

Chemical composition

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

4.6.1.3

The rec

4.6.1.4

The ma
and she

4.6.1.5
A more

e mag

e mecC

Basis of subclassification

bmmended subclassification is based on the coercivity.

Available forms

terials are supplied as hot-rolled rectangular and round bars, cold-drawn wi
et, forgings and cold-rolled strip.

Physical characteristics

complete definition of the material can be based/on the following characteristic

hetic: maximum relative permeability, saturation magnetic pola
magnetic polarization-for various values of magnetic field s
remanence, coercivity; specific total loss;

hanical: suitability for . punching operations in the cold-workeg

machinability insthe hot-worked or heat-treated state, yield s

re, strip

S:

rization,
trength,

state,
trength;

e metallurgical state: ~ the materialsrequire a heat treatment to develop their full magnetic

Magneti

properties:

c measurements are.made in accordance with either IEC 60404-4 or IEC 6

according to product form.

Values
product

4.6.1.6

The ma
or med

for magnetic, properties of final annealed material are given in the corres
specification;

Main applications

0404-6,

ponding

erials are used in applications involving extremely high magnetic polarization

s in low

um magnetic fields such as motors and generators with highest power

density,

actuators, transformers, relays, electromagnetic and electro-mechanical devices for
aeronautical or aerospace equipment, pole pieces for electromagnets, magnetic lenses and

magneti

4.6.2
4.6.2.1

¢ bearings.

Class F2 — Cobalt content 35 %

Reference document

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

4.6.2.2

Chemical composition

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

improve

ductility.
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4.6.2.3 Basis of subclassification

The recommended subclassification is based on the coercivity.

4.6.2.4 Available forms

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

4.6.2.5 Physical characteristics

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

° mag etic: mngnnfin Ir\nl:uri791’inn at various values of mngnnfir‘ field trength7

saturation magnetic polarization;

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

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

Magnetic measurements are made in accordance with either IEC 60404-4 or IEC §0404-6,
according to product form.

Specifigd values for magnetic properties of the final annedled materials are given in the
corresppnding product specification.

4.6.2.6 Main applications

The mdterials are mainly used for applications “involving either extremely high magnetic
polarizations or unusually high temperatures and.@s pole pieces for electromagnets.

4.6.3 Class F3 — Cobalt content 23 % to 30 %
4.6.3.1 Reference document

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

4.6.3.2 Chemical composition

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

4.6.3.3 Basis of subclassification

The recommended subclassification is based on the coercivity

4.6.3.4 Available forms

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

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

e magnetic: magnetic polarization 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 the
corresponding product specification.

4.6.3.6 Main applications

These agnetic
polarizations or particularly high temperatures, such as for electromagnetic and|electro-
mechanjcal devices for aeronautical or aerospace equipment, especially when(subjécted to
mechanjcal load in service such as liquid metal pumps and magnetic bearings. Fhey are also
used fol pole pieces for electromagnets.

4.7 C(Cllass G — Other alloys
4.7.1 Class G1 — Aluminium-iron alloys
4711 Reference document

These materials are not covered by an IEC publication.

4.7.1.2 Chemical composition
The bagic constituents of these materials are~jron and aluminium whose content [may be

between 12 % and 16 %, together with unavoidable impurities. These materials may|contain
additionis 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 of cast or
sintered structural patts.

4.71.5 Physical characteristics

In additjon/to” aluminium content, a more complete definition can be based on the fpllowing
properties:

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

e mechanical: hardness, suitability for punching operations, surface condition;
e 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.
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4.7.2 Class G2 — Aluminium-silicon-iron alloys
4.7.2.1 Reference document

These materials are not covered by an IEC publication.

4.7.2.2 Chemical composition

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

4.7.2.3 Basis of subclassification

The recommended subclassification is based on the initial permeability.

4.7.2.4 Available forms

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

4.7.2.5 Physical characteristics

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

e maghetic: saturation magnetic polarization, coercivity, initial permleability,
maximum permeability,

e electrical: resistivity;

e mechanical: hardness;

e metallurgical state: as cast;
e dimensions: determined by application.

4.7.2.6 Main applications

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

4.8 C(Cllass H =Magnetically soft materials made by powder metallurgical technifjues

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»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.
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Available forms

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

Calcined powders for component production cannot be considered as ferrite material for the

purpose

48.1.5

of this classification.

Physical characteristics

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

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

e mechanical: density;

e thermal: Curie temperature;

e elecjrical: 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.

Where material values are quoted, these are normally measured on ring cores of stated

dimensipns and identical characteristics cannot*always be realized on a compgnent of

differind geometry.

Typical [ ranges of properties for the Mn:Zn- and the Ni-Zn-ferrites are given| in the

corresppnding product specification.

The prgperties depend strongly en the exact composition, i.e. the metal ions apd their

proportipn. The heat treatment including atmosphere and cooling rate are critical fgctors in

developjng the properties.

Variatioh of one property,"\normally influences the value of various other propertigs. This

situation gives rise to the existence of many separate materials, each intended for a rg¢latively

small group of applications.

4.8.1.6 Main.applications

Among the most important applications are the following:

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

— core

s for pulse transformers up to several hundred MHz;

— aerial rods;

— cores for power transformers operating at frequencies in the range from about 5 kHz to
about 30 MHz;

— ring
— core
— core

— Ccore

cores and multiaperture cores for data storage devices;
s for recording heads;
s for deflection coils on cathode-ray tubes;

s for reciprocal and non-reciprocal microwave devices;

— beads for RF decoupling and attenuation of unwanted signals.
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4.8.2 Class H2 — Magnetically soft sintered materials
4.8.2.1 Reference document

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

4.8.2.2 Chemical composition and manufacturing method

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

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

4.8.2.3 Basis of subclassification

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

4.8.2.4 Available forms

Magnetically soft sintered materials are generally suppliedés structural parts.

4.8.2.5 Physical characteristics

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

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

e mechanical: density, porosity, hardness;

e elecfrical: resistivity.

Physical and magnetic properties’ are given in the corresponding product specification.

4.8.2.6 Main application

The maferials are used-as structural parts in magnetic circuits.

4.8.3 Class\H3 — Powder composites

4.8.3.1 Reference document

These materials are not covered by an IEC publication.

4.8.3.2 Chemical composition and manufacturing method

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

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

4.8.3.3 Basis of subclassification

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

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

4.8.3.5 Physical characteristics

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

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

e mechanical: density;

e elecfrical: resistivity.

4.8.3.6 Main application

The mdterials are used as ring-shaped powder cores for inductive components (storage
chokes)|and as structural parts in motor applications.

49 (Cllass | - Amorphous soft magnetic materials
4.9.1 General

Amorphpus 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 ng magneto-crystalline anisotropy. Interesting soft magnetic properties are found in Fe-
based glloys with relatively high saturation magneticypolarization and in Co-based allpys with
near-zefo magnetostriction.

4.9.2 Class I1 — Iron-based amorphous_ alloys
4.9.2.1 Reference document

These materials are not covered by an IEC publication.

4.9.2.2 Chemical composition

The bagic constituents_af these materials are iron and metalloids (mainly silicon and boron)
the confent of which is_¢éommonly in the range of 16 % by atoms to 30 % by atoms. These
alloys may further«cortain additions of titanium, vanadium, chromium, zirconium, fiobium,
manganese, carbon-or molybdenum to improve magnetic and mechanical properties| Part of
the iron|may be'substituted by nickel or cobalt.

4.9.2.3 Basis of subclassification

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

49.2.4 Available forms

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

4.9.2.5 Physical characteristics
A more complete definition can be based on the following characteristics:
e magnetic: specific total loss as a function of magnetic polarization and

frequency, specific apparent power, saturation magnetic
polarization, magnetostriction, coercivity, initial permeability,
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reversible permeability at various values of magnetic field strength,

squareness of the B-H loop, remanence;

e electrical: resistivity;

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

e mechanical: ductility, stacking factor;

e metallurgical state:

developed by the heat treatment in a magnetic field.

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

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

treatme

4.9.2.6

Variatio
situatior
small gr

The mo

e (Core

e core
and

o theft
4.9.3
4.9.3.1

These mpaterials are not covered by anctfEC publication.

4.9.3.2

The bag
commot]
mainly)

partly ﬂubstituted by, nickel. These alloys may contain additions of titanium, va
u gsten to

chromi
improve|

4.9.3.3

+
LY

Main applications

oup of applications.

5t important ones are:

material for distribution transformers at power frequency,

detection tags.
Class 12 — Cobalt-based amorphous:alloys

Reference document

Chemical composition

m, zirconiam, niobium, molybdenum, ruthenium, hafnium, tantalum and tun
magneticyand mechanical properties.

Basis of subclassification

h of one property normally influences the value of various other.propertigs. This
gives rise to the existence of many different materials, each intended for a relatively

s for inductors and transformers operating at frequencies up to several hundned kHz,

ic constituents of these materials are cobalt and iron or manganese whose cqntent is

ly in the range of.2*% by atoms to 10 % by atoms and metalloids (silicon and boron
whose content is-in the range of 18 % by atoms to 30 % by atoms. Cobalt|may be

adium,

The recommended subclassification is based on the saturation magnetic polarization and the

shape o

49.3.4

f the hysteresis loop.

Available forms

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

4.9.3.5
A more

e mag

Physical characteristics

complete definition can be based on the following characteristics:

netic: magnetostriction, initial permeability, reversible permeability at

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

S as a
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e electrical: resistivity;
e thermal: Curie temperature, crystallization temperature;
e dimensions: thickness, width;

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

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

4.9.3.6

Main applications

Variatio
situatiorn
small grf

The mo

e (Core
Sevq

e (Core
e Core

o flexi
4.9.4
4.9.41

These materials are not covered by an IEC publication.

4.9.4.2
The bas
amounts

molybdd
can alsd

4.9.43

The rec

49.4.4

gives rise to the existence of many different materials, each intended forpa'r
oup of applications.

5t important ones are

s for inductors and transformers operating at frequencies in_ the range from §
ral MHz,

s for pulse transformers,
s for recording heads, and

ple magnetic shielding.
Class I3 — Nickel-based amorphous alloys

Reference document

Chemical composition
ic metallic constituents of(these materials are nickel and iron in approximate
5 by weight and which” form about 90 % of the alloy by weight. In som

num can be present. The principal metalloid is boron although phosphorus an
be present.

Basis of subclassification

bmmendedisubclassification is based on the shape of the hysteresis loop.

Available forms

N of one property normally Influences the value Of various other propertigs. This

blatively

0 Hz to

y equal
e alloys
1 silicon

The ma

thickness of 15 um to 50 um.

4945

Physical characteristics

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

erials are normally supplied in the form of rapidly solidified thin sirips with a typical

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

e electrical: resistivity;

e thermal: Curie temperature, crystallization temperature;

e dimensions: thickness, width;
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e metallurgical state: semi-processed state, i.e. as cast.

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

4.9.4.6

The mai

Main applications

n applications are for article surveillance sensors and magnetic EMI shielding.

410 Class J — Nano-crystalline soft magnetic materials

4.10.1

These mpaterials are not covered by an IEC publication.

4.10.2

Iron-baged nano-crystalline alloys are produced via rapid solidification by casting

sheets,

The dedirable nano-crystalline state is achieved by annealing at t€mperature between
and 600 °C. Nano-crystalline alloys exhibit a high saturation.magnetic polarization
almost zero magnetostriction due to their nano-crystalline micrestructure.

4.10.3

The bagic constituents of these materials are iron,copper typically around 1 % by

niobium
of 16 %

molybdenum, tantalum, titanium, vanadium, phosphorus, chromium, manganese and
to imprdve the magnetic and mechanical properties.

4.10.4

The rec

shape of the hysteresis loop.

4.10.5

—Reference-doecument

Production process

wires or powders. After this casting process the material is(in-the amorphou

Chemical composition

around 3 % by atoms and metalloids (mainly silicon and boron) typically in th
by atoms to 28 % by atoms. These alloys’ may further contain additions of zin

Basis of subclassification

bmmended subclassification is based on the saturation magnetic polarization

Available forms

as thin
s state.
500 °C
and an

atoms,
e range
conium,
carbon

and the

The materials can $e supplied in the amorphous state in the form of rapidly solidified thin

ribbons |of typical\thickness 12 um to 30 um and in the nanocrystalline state in the[form of

tape wound cores’

4.10.6 | Physical characteristics

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

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

e electrical: resistivity;

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

e dimensions: thickness, width;

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

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

4.10.7 Main applications

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

The mos$t important ones are

e magpnetic cores,
e induftive components like current transformers and yokes,

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

5.1 Class Q — Magnetostrictive alloys — Rare earth iron alloys (Class Q1)
511 Reference document

These mpaterials are not covered by an IEC publication.

5.1.2 Chemical composition

The bagic constituents of these materjals' are iron, terbium and dysprosium. In Tb,Dy1.,)Fey
compounds, the value of x determines~the Tb/Dy ratio and y is the Fe/(Tb + Dy) ratio. The
optimunp values of x are close .10,°0,3, where high magnetostriction is obtained | without
excessiye hysteresis losses.The stoichiometric value for y = 2,0 produces ¢ptimum
magnetpstrictive properties but”the resulting materials are very brittle. As y is defreased
from 2, |the material becemes less brittle and the value of y = 1,95 provides |a good
compromise.

5.1.3 Basis of subclassification

There i§ no recoghized subclassification.

5.1.4 Available forms

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

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

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

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

e thermal: thermal expansion coefficient;
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e electrical: resistivity;

e metallurgical state: grain-oriented and heat-treated

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

5.1.6

Main applications

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

Other a

52 (
5.2.1

5.2.1.1

bplications being developed are as active elements in electromechanical applig

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

Reference document

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

5.2.1.2

Chemical composition and manufacturing method

These dlloys consist of 8 % to 13 % aluminium, 13 % t0)28 % nickel, 5 % to 42 % cob

to 9 % t
iron. Th

They ar
alloys W

applying
perform

5.2.1.3

The sul
method

5.2.1.4

tanium, 2 % to 6 % copper, 0 % to 3 % niobium; 0 % to 0,8 % silicon and the
by may contain other additions.

e made by casting or a powder metallurgical process. The magnetic perform
ith a cobalt content higher than 20-% can be increased in a preferred dire
a magnetic field during heat treatment producing magnetic anisotropy. T

ations.

aIt, 0 %
balance

ance of
ction by
he best

bnces of cast magnets are achieved with alloys of columnar or single crystal sfructure,
the magnetic field being applied patallel to the columnar axis.

Basis of subclassification

classification is based on the magnetic degree of anisotropy and the manuf

Available forms

The md

gnefstare mainly produced in the form of rings, prisms, cubes, cylinderg

acturing

or arc
tions of

segmean. Cast magnets with columnar or single crystal structure are subject to limita

form an

dimensions.

5.2.1.5

Physical characteristics

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

definitio

e mag

n can be based on the following characteristics:

netic: maximum BH product, remanent flux density, coercivity, recoil

permeability;

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

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

e dimensions: determined by application.
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Ranges of specified values of magnetic properties and density for isotropic and anisotropic
AINiCo alloys are given in the corresponding product specification.

5.2.1.6

Main applications

These materials are used in measuring devices and loudspeakers.

5.2.2

5.2.2.1

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

Reference document

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

5.2.2.2 Chemical composition and manufacturing method

These materials consist of 49 % to 54 % cobalt, 4 % to 13 % vanadium plus chromium|and the

balance|being iron.

The FeCoVCr alloys are manufactured by casting and subsequent thot 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 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.

5.2.2.5 Physical characteristics

A more|complete definition of these_magnetically anisotropic materials can be basedq on the

following characteristics:

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

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

e mechanical: machinability before hardening;

o metallurgical state: hot- and cold-rolled, heat-treated to develop magnetic propefties;

o dimensjans: determined by application.

Specified—~valves—of magnretic properties—and—density forfinal-annealed—anisetropie FeCoVCr

alloys are given in the corresponding product specification.

5.2.2.6

Main applications

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

5.2.3

5.2.3.1

Class R5 — Rare earth cobalt (RECo) alloys

Reference document

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