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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MAGNETIC MATERIALS -

Part 8-4: Specifications for individual materials —
Cold-rolled non-oriented electrical steel strip and sheet

FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization compr
Il national electrotechnical committees (IEC National Committees). The object of IEC is to promote internat
-operation on all questions concerning standardization in the electrical and electronic fields. To this end
addition to other activities, IEC publishes International Standards, Technical Specificatiohs, Technical Rep
ublicly Available Specifications (PAS) and Guides (hereafter referred to as ‘IEC’ Publication(s)”). ]
reparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt
ay participate in this preparatory work. International, governmental and non-goveramental organizations lia
ith the IEC also participate in this preparation. IEC collaborates closely with the International Organizatio
tandardization (ISO) in accordance with conditions determined by agreement)between the two organizatio

he formal decisions or agreements of IEC on technical matters express,sas nearly as possible, an internat
onsensus of opinion on the relevant subjects since each technical\eommittee has representation frof
terested IEC National Committees.

FC Publications have the form of recommendations for interhational use and are accepted by IEC Nat
ommittees in that sense. While all reasonable efforts are{made to ensure that the technical content of
ublications is accurate, IEC cannot be held responsiblg’ for the way in which they are used or for
isinterpretation by any end user.

h order to promote international uniformity, IEC National Committees undertake to apply IEC Publica
ansparently to the maximum extent possible in their’national and regional publications. Any divergence bet
ny IEC Publication and the corresponding national‘or regional publication shall be clearly indicated in the I

FC itself does not provide any attestation of~conformity. Independent certification bodies provide confo

rvices carried out by independent certification bodies.

Il users should ensure that they have.the latest edition of this publication.
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o liability shall attach to IEC er(its directors, employees, servants or agents including individual experts| and

embers of its technical committees and IEC National Committees for any personal injury, property dama
ther damage of any nature“whatsoever, whether direct or indirect, or for costs (including legal fees)
xpenses arising out oftthe publication, use of, or reliance upon, this IEC Publication or any other
ublications.

ttention is drawn o the Normative references cited in this publication. Use of the referenced publicatio
dispensable forithe correct application of this publication.

ttention is drfawn to the possibility that some of the elements of this IEC Publication may be the subject of p
ghts. IEC/shall not be held responsible for identifying any or all such patent rights.
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redline version of the official IEC Standard allows the user to identify the changes ma
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IEC 60404-8-4 has been prepared by IEC technical committee 68: Magnetic alloys and steels.
It is an International Standard.

This fourth edition cancels and replaces the third edition published in 2013. This edition

con

stitutes a technical revision.

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

a) modification of terms and technical requirements concerning geometrical characteristics to

b)
c)

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

Full
the

The|language used for the development of this Intermational Standard is English.

Thig document was drafted in accordance with. 1SO/IEC Directives, Part 2, and develope
brdance with ISO/IEC Directives, Part 1 and 1ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC

acc

des

A ligt of all parts in the IEC 60404 series, published under the general title Magnetic mater,

can

The| committee has decided that the contents of this document will remain unchanged until
stahility date indicated .on.the IEC website under webstore.iec.ch in the data related to

spe

be-consistent-withHEG-60404-9:2048;
c-60404-9:2048;

nsertion of Table 3 — Tolerances on nominal thickness;

P mto 1 m.

Cribed in greater detail at www.iec.ch/publications.

be found on the IEC website.

cific document. At.this date, the document will be

reconfirmed,
vithdrawn,
feplaced by a revised edition, or

hmended.

change of the length of test specimen for determination of geometrical charactgristics from

Draft Report on voting
68/700/CDV 68/713/RVC
information on the voting for its approval can be found iQ-the report on voting indicated in
above table.

d in

are

als,

the
the

co
co

IMPORTANT - The "colour inside" logo on the cover page of this document indicates that it

ntains colours which are considered to be useful for the correct understanding of its
ntents. Users should therefore print this document using a colour printer.
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INTRODUCTION

This revision of International Standard IEC 60404-8-4 has been prepared by the experts of the
Working Group 1 of the IEC Technical Committee 68: Magnetic alloys and steels.

The third edition of IEC 60404-8-4 was issued in 2013. After that, other IEC 60404 standards
were revised and IEC TC 68 decided in 2019 at their meeting in Dusseldorf to revise this
document to maintain consistency for user's convenience. The revision is made mainly on
technical amendments regarding testing and definitions of geometrical characteristics in
accordance with IEC 60404-9. The length of test specimen for determination of geometrical

cha
(wa
of r
with

Ve factor)” and “residual curvature” and the horizontal method is introduced for veri

bsidual curvature. This revision also includes corrections in order to improve c@s' t

other standards of the IEC 60404-8 series. (1/
N

wY

FacCleristics Is changed from m 10 m. e term O atness Is divided Into edge\wave

ion
ncy
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MAGNETIC MATERIALS -

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

This
she

O
OTOpPE

part of IEC 60404 defines the grades of cold-rolled non-oriented electrical steelstrip

bt in nominal thicknesses of 0,35 mm, 0,47 mm, 0,50 mm, 0,65 mm and-1,00 mm|.

and
In

parficular, it—specifies gives general requirements, magnetic propertiesy” geometric

cha
The

racteristics, tolerances and technological characteristics, as well as inspection proced
nominal thickness 0,47 mm applies to the grades for use at 60 Hz only,

ure.

Thisg
fully
con
senm

NOT

document applies to cold-rolled non-oriented electrical steel strip and sheet supplied in

-processed state, i.e. the final annealed condition, in coils or sheets, and intended for,
truction of magnetic circuits. This doguwinent does not apply to materials supplied in
i-processed state.

. The cold-rolled non-oriented electricalsteel strip and sheet supplied in the semi-processed state is spe

the
the
the

ified

in IE[C 60404-8-3.

The| grades defined in this document correspond to Class C21 of IEC 60404-1.

2 |[Normative references

Thel|following documents are referred to in the text in such a way that some or all of their confent
congtitutes reguirements of this document. For dated references, only the edition cited applies.
For| undated' references, the latest edition of the referenced document (including [any
amgndments) applies.

IECI60050 (gl parts).— International — Electrotechnical — Vocabulary — {available {—at
IEC 60050-121, International Electrotechnical Vocabulary — Part 121: Electromagnetism

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

and

IEC

components

60404-1, Magnetic materials — Part 1: Classification

IEC 60404-2, Magnetic materials — Part 2: Methods of measurement of the magnetic properties

of e

lectrical steel strip and sheet-and-strip by means of an Epstein frame
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IEC 60404-3, Magnetic materials — Part 3: Methods of measurement of the magnetic properties
of electrical steel strip and sheet by means of a single sheet tester

IEC 60404-9, Magnetic materials — Part 9: Methods of determination of the geometrical
characteristics of-magnetic electrical steel strip and sheet-and-strip

IEC 60404-13, Magnetic materials — Part 13: Methods of measurement of-density; resistivity,
density and stacking factor of electrical steel strip and sheet-and-strip

ISO 404, Steel and steel products — General technical delivery requirements

ISO| 7799, Metallic materials — Sheet and strip 3 mm thick or less — Reverse bend test

ISO| 10474, Steel and steel products — Inspection documents

3 |Terms and definitions

For|the purposes of this document, the terms and definitions-relating-to-magnetic-propeities
givgn in IEC 60050-121, IEC 60050-221 and the following apply.

ISOland IEC maintain terminological databases for use ifi«tandardization at the following
addfesses:

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

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

3.1
edgle wave
wave factor
variptions of flatness of a length of strip>0r a sheet taking a form of waves at the slit edge of
prodluct

—

he

Note] 1 to entry: The edge wave is characterized by the wave factor which is the relation of the height of the yvave
to it length, expressed as a percentage.

[SOURCE: IEC 60404-9;2018, 3.1]

3.2
residual curvatire
variptions of flathess of a length of strip or a sheet taking a permanent curvature in the diregtion
of relling of (the product

[SOURCE: IEC 60404-9:2018, 3.2]

3.3

edge camber

greatest distance between a longitudinal edge of a length of strip or a sheet and the line joining
the two extremities of the measured length of this edge

[SOURCE: IEC 60404-9:2018, 3.3]
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3.4

deviation from the shearing line
internal stress

iation £ o :

greatest distance between corresponding points on the two sheared edges of a length of strip
or a sheet sheared in the middle of the width, in parallel to the direction of rolling of the product,
which characterizes the internal stress of the materials

[SO

URCE: IEC 60404-9:2018, 3.4]

The
max
thic
The
clag
Hz,
to th

The

a)
b)

hts of alternate bending in the reverse bend test prior to the appearance of the first crag
base metal of the specimen visible to the naked eye or sudden fajure occurs by fractur

URCE: IEC TR 63114:2018, 3.2]

Classification

imum specific total Iossqn—wa&%per—khleg;amﬁaHéi and accordlng to the nom
ness of-the-m the prody
products of the nomlnal thlcknesses 035 mm, 0, 50 mm, 0, 65 mm and 1,00 mm
sified according to the specified valugs-tested at a magnetlc polarization of 1,5 T ang
in watts per kilogram. The product offhe nominal thickness 0,47 mm is classified accor
e specified value tested at a magnetic polarization of 1,5 T and 60 Hz, in watts per kilogn

Designation

steel name comprises-the following in the order given:

h letter “M” for electrical steel;

pbne hundred\times the specified value of maximum specific total loss at a magn
Jolar|zat|on of 1,5 T and 50 Hz, in watts per kilogram, aH,éLaad%&HHeHh&mate

vepn-indable 14 Qnr{ a1 1 5T anr{ 60 Hz forthe materials nl\lnp ITal

kin

grades covered by this document are classified according to the specified valug of

inal
ctl.
are
50
ling
am.

re4h&nem+nalrp+:eduepth4€kness for the products of the nominal t

VO ottt He—1Hatc Vet

M, 0,65 mm and 1,00 mm, or at a magnetic polarization of 1,5

iloqram. for the oroducts of the nominal thickness 0.47 mm;

c) one hundred times the nominal thickness of the-material product, in millimeters;

d) the characteristic letter “A” for the grades of cold-rolled non-oriented electrical steel strip or
sheet supplied in the fully-processed state;

e) one tenth of the frequency at which the maximum specific total loss is specified, i.e. 5 or 6.

EXAMPLE M250-35A5 for cold-rolled non-oriented electrical steel strip or sheet with a maximum specific total loss
of 2,50 W/kg at a magnetic polarization of 1,56 T and 50 Hz, and a nominal thickness of 0,35 mm, supplied in the
fully-

processed state.

1

In the rest of the document, the word “product” is used to mean “strip and sheet”.



https://iecnorm.com/api/?name=c357a7a30ba7116276169d353b2a2e57

- 10 - IEC 60404-8-4:2022 RLV © IEC 2022

6 General requirements

6.1 Production process

The production process of the steel and its chemical composition are left to the discretion of
the manufacturer.

6.2 Form of supply

The-material product is supplied in coils in the case of strip and in bundles in the case of sheets.

Thel mass of coils or bundles of sheets shall be agreed between the manufacturer _and|the
pur¢haser at the time of-erdering enquiry and order.

Thel recommended value for the internal diameter of coils is approximately 508 mm or
appfoximately 610 mm.

Strip shall be of constant width and wound in such a manner that the edges are superimpdsed
in a[regular manner and the side faces of the coil are substantially flat.

Coils shall be sufficiently tightly wound in order that they do not eoltapse under their own weight.

Strip-can-ocecasionally may exhibit welds or interleaves resulting from the removal of defedtive
zonps;-subjecttoprioragreement if agreed between thesparties manufacturer and the purchaser

at the time of enquiry and order. If necessary, thesmarking of welds or interleaves may be
agreéed between the manufacturer and the purchasér dt the time of-erdering enquiry and orfder.

For|coils containing welds or interleaves, each part of the strip shall be of the same grade.

The|ledges of parts welded together shallsiot be so much out of alignment as to affect the further
pro¢essing of the-material product.

Sheets which make up each bundile shall be stacked so that the side faces of the bundle|are
subgtantially flat and approximately perpendicular to the top face.

6.3| Delivery condition

Thelmaterial products~may—be are usually supplied either without insulation coating or with
insylation coating.on’one or both sides. If the-material product is supplied with insulation coalting,
the hature of thesnsulation coating, its properties, the stacking factor and their verification-ghat
be-fgreed are‘subject to agreement between the manufacturer and the purchaser at the {ime

of-efderingenquiry and order.

NOTE\Further information on the classification of surface insulation coatings can be found in IEC 60404-1-1.

6.4 Surface condition

The surfaces shall be smooth and clean, free from grease and rust2. Dispersed defects such
as scratches, blisters, cracks, etc. are only permitted if they are within the-limits—of tolerances
on thickness-telerances; and if they are not detrimental to the correct use of the supplied
material product.

—it For products supplied
with insulation coating, the coating shall be sufficiently adherent so that it does not become
detached during-eutting manufacturing operations. During the-alterpating reverse bend test (see
8.4.4.2), the coating shall not become detached after a bend of 90°. If the coating becomes

2 This should not be confused with some coloration of the insulation coating inherent to the manufacturing process.
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detached during the test, the-piece sample of the product from whrch the-sample test specrmen
was taken shall be subJected to a shearing test.

- By shearing the sample with well sharpened
tools, a detachment of large pieces of the coating shall not be admissible. However, some slight
chipping of the coating at the sheared edges shall be tolerated.

6.5 Suitability for cutting

Thematerrat product shall be able to be cut or punched wrthout causmg premature wear of tools

4 H h be-e ablished bv aareemaen be eaen-the manufa arland

thepurehaser— The product shall be suitable for cutting or punchlng accurately into the usual
shapes at any point when appropriate cutting or punching tools and technologies aredised

A special requirement concerning suitability for cutting or punching of the (@roduct may be
sublect to agreement between the manufacturer and the purchaser at the time”of enquiry [and
order.

7 |Technical requirements

71 Magnetic properties
7.1/ General

The| properties defined in 7.1.2 to 7.1.4-are—applicable shall apply to products in the deliyery
conflitions defined in 6.3.

Foriceated products supplied with insulationggoating, the mass of the-insulatien coating ghall
be taken into account to determine the magnetic properties.

712 Magnetic polarization

The| specified values of minimum magnetic polarization, expressed as a peak value, at|AC
magnetic field(strengths H of 2 500 A/m, 5 000 A/m and 10 000 A/m, expressed as a peak value,
shall be as giyven in Table 1 at 50 Hz or Table 2 at 60 Hz.
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.3 Specific total loss

The
50 H
0,61

The
60 H

A special requirement concerning the,value of maximum specific total loss measured using

stri

specified values of maximum specific total loss at a magnetio polarization of 1,5 T

mm and 1,00 mm. They apply to:

D, 50 mm and 0,65 mm;

hon-aged test strips, for products of the nomindl/thickness 1,00 mm.

specified values of maximum specific totaMoss at a magnetic polarization of 1,5 T
1z shall be as given in Table 2, for produéfs of the nominal thickness 0,47 mm.

ofr

timg of enquiry and order.

NOT

50 HE.

7.1.

The
T sh

As
may

s cut parallel to the direction of x@Hing only or test strips cut perpendicular to the direg
lling only may be subject to agteement between the manufacturer and the purchaser af

Annex A gives non-specified values of maximum specific total loss at a magnetic polarization of 1,0 T|

Anisotropy.of loss

-maximum permitted values of maximum anisotropy of loss at a magnetic polarization of
all be as-specified given in Table 1 and Table 2.

becial requirement concerning the declaration of the measured value of anisotropy of

besspecified-by subject to agreement-when—ordering between the manufacturer and

and

Hz shall be as given in Table 1 for products of the nominal thicKknesses 0,35 mm, 0,50 mm,

hged or non-aged test strips (see 8.3.1), for products ©f the nominal thicknesses 0,35 mm,

and

test
tion
the

and

oss
the

purchaser at the time of enquiry and order.

7.2

7.2.

Geometrical characteristics and tolerances

1 Thickness

The nominal thicknesses of the-material product are 0,35 mm, 0,47 mm, 0,50 mm, 0,65 mm and
1,00 mm.

The nominal thickness 0,47 mm applies only to the grades for use at 60 Hz only-is—alse-given
in-Table-2.

For

thickness tolerance, a distinction is made between
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the deviation from the nominal thickness within an acceptance unit;

the difference in thickness in-a-sheet-or-in—-a-length-of strip—in a direction parallel to

direction of rolling in a length of strip or sheet;

the

the difference in thickness in a direction perpendicular to the direction of rolling. This

tolerance applies only to-materials products supplied with a width greater than 150 mm

sha

At gny point, the deviation from the nominal thickne@%ithin an acceptance unit shall
exc

bed the tolerance of Table 3. QQ
The| additional thickness due to welds with re® t to the measured thickness of the pro
I not exceed 0,10 mm. Q
&

The] difference in thickness in a directi0£$arallel to the direction of rolling in a 1 m length of
prodluct shall not exceed 4\

D, 47 mm and 0,50 mm res\ ively;

D,045 mm and 0,060 nﬁj}for products of the nominal thicknesses 0,65 mm and 1,00
respectively. ‘.

C)O Table 3 — Tolerances on nominal thickness

not

juct

the

D,030 mm, 0,038 mm and 0,6% mm for products of the nominal thicknesses 0,35 mm,

mm

Q@Q Nominal thickness Tolerance
O mm mm
Q% 0,35 +0,030
\Q/ 0,47 +0,038
0,50 +0,040
0,65 +0,045
1,00 +0,060

For products supplied with a width greater than 150 mm, the difference in thickness in a
direction perpendicular to the direction of rolling shall not exceed

0,020 mm for products of the nominal thicknesses 0,35 mm, 0,47 mm and 0,50 mm;
0,030 mm for products of the nominal thicknesses 0,65 mm and 1,00 mm.

The measurements shall be made at any point located at least 20 mm from the edges (see

8.4.

3.1). For narrow strips, other agreements may be needed.
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7.2.2  Width

The commonly available nominal widths are less than or equal to 1 250 mm.

For the tolerances on W|dth a dlstmct|on is made between4:1£11'=\fe(=,-1t+aJr products supplied with slit
edges—i and products
supplied with as-rolled edges.

For-materials products supplied with-trimmed slit edges, the tolerances of Table 4 shall apply.

Table 4 — Tolerances on nominal width

Nominal width / Tolerance ?
mm mm
+0,2
/<150 0
+0,3
150 < [/ < 300 0
+0,5
300 < /=600 0
+1,0
600 < /<1000 0
+1,5
1000</<1250° 0
a8 By agreement-when-ordering between*the manufacturer and the purchaser at the
time of enquiry and order, the toleranées on nominal width can be all minus-values
tolerances.
b Nominal widths greater than\? 250 mm may be delivered. In this case, the
tolerance should be agreed.between the manufacturer and the purchaser at the
time of enquiry and order.

Forimaterials products supplied with as-rolled edges, the tolerances on-neminal-width-shuld
geometric characteristics, shall be subject to agreement—when—ordering between [the
marnufacturer and the purchaser at the time of enquiry and order.

7.23 Length

Thel verificatigh of length does not apply to the products supplied in coils.

For|products supplied in sheets, the tolerance on the length of sheets in relation to the Ierrgth
LIl +05 QL L

ordUlUd b;ldll |94~ 0 /0, Uul WIlII d llld)\llllulll UI ‘1‘0 TTITTT.

7.2.4 Edge wave (wave factor)

The verification of edge wave applies only to products supplied with a width greater than
100 mm. The wave factor (see 8.4.3.3), shall not exceed 2 %.
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7.2.5 Residual curvature

The verification of residual curvature-dees-net-apphyrto-materialof- width-less-than-oregqualtio

applies only to products supplied with a width greater than 100 mm.

A requirement concerning residual curvature may be subject to agreement betwee.k the
manufacturer and the purchaser at the time of enquiry and order. Q}/

Twqg methods for the determination of the residual curvature in the direction %Qﬁing of| the
product are described in IEC 60404-9: a horizontal method and a vertigﬁ, method. [The
horizontal method is recommended from the aspect of worker’s safety andxconsistency with
ISO| standards. y

b‘/
e Horizontal method: b‘g

n this method, the maximum distance between the test specQDQn and a flat surface tale,
bn which the test specimen is placed, shall not exceed 17 @m for products of the nomjinal
hicknesses 0,35 mm, 0,47 mm, 0,50 mm and 0,65 mm. ifferent maximum distance may
be agreed by the manufacturer and the purchaser aé‘{he time of enquiry and order.|For
broducts of the nominal thickness 1,00 mm, this (1<'s nce shall be subject to agreement
between the manufacturer and the purchaser at t@ ime of enquiry and order.

e Vertical method: \\Q

n this method, the maximum distance betmn the bottom edge of the test specimen jand
he supporting plate shall not excee mm for products of the nominal thicknegses
D,35 mm, 0,47 mm, 0,50 mm and 0,6 . For products of the nominal thickness 1,00 ;mm,
his distance shall be subject to agr@&;ent between the manufacturer and the purchasgr at
he time of enquiry and order. ~ \N

NOTE The horizontal and vertical rqéh%s with the limits 17,5 mm and 35 mm respectively, are not expctly
interphangeable. Which method to use) n be subject to agreement between the manufacturer and the purchaser at
the time of enquiry and order. c)\\

7.26 Edge cambe§’~

The| verification of, @e camber applies only to-material products supplied with-trimmed| slit
edgpes and a wi& eater than 30 mm.

The edgeé@ er shall not exceed for a measuring length of-2 1 m:

- 2—&/ mm for the nominal width /, / > 150 mm;

- 459 Z,Umm Tor the nominal width i, 30mm < X 150 mm.

7.3 Technological characteristics
7.31 Density

The density of the-material products is not specified.

The conventional values of density-efthe-materialare used to calculate the magnetic properties

time of enquiry and order (see Annex B).
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7.3.2

Stacking factor

The specified values of minimum stacking factor shall be as given in Table 1 and Table 2, and
only apply to products supplied without insulation coating. The values of products supplied with
insulation coating are subject to agreement between the manufacture and the purchaser at the
time of enquiry and order.

7.3.3—Numberofbends

The

specified minimum number of bends shall be as-specified given in Table 1 and Tabl

The|values apply to test specimens cut perpendicular to the direction of rolling.

7.3.4 Deviation from the shearing line (internal stress)

Thefmaterial products shall be, as far as possible, free from internal stress-
Thelverification-of-internal stresses does not annlvy tomaterials of viath lecs than or eaudl to
Thelverification-of-internal stresses-does not-apply-to-materials-of width-less- than-or-equgl-to
The| verification of the deviation from the shearing line appli€s,only to products supplied wifh a
wid{h greater than 150 mm. The measured gap shall not gxceed 1 mm for a measuring lenpgth
of 1| m.

8 |Inspection and testing

8.1| General

Thel-material products defined by this~document can be ordered with or without specgific
insgection in accordance with ISO 404 However, as a dispensation from ISO 404, in the dase
of ah order without-specific inspection, the manufacturer shall supply-acertificate an inspedtion
docpment type 3.1 according to.|SO 10474 giving the specific total loss of the supplied-matgriat

prodluct.

In the case of an order with specific inspection, the type of inspection document in accordance

with
acc

Eac
and

agréemgehbbetween the manufacturer and the purchaser at the time of enquiry and order.

ISO 10474 shall~be specified when ordering. In this case, the delivery is divided
bptance units.

h accepiance unit shall comprise 20 t or the remaining fraction thereof of the same gr
the same nominal thickness. Different acceptance units can be adopted by spg

into

ade
cial

For

colls of more than £ZU 1, each coll shall constitute an acceptance unit.

Except by special agreement, the same rules apply to the inspection of deviation from the
shearing line (internal stress), suitability for cutting, adherence of-surface insulation coating

and tolerances on-shape-and-dimensions geometrical characteristics.

When the products are delivered in the form of slit coils, the test results-apphring made to the
parent-unit coil of the acceptance unit shall apply.

8.2 Selection of samples

Test samples shall be taken from each acceptance unit.
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In the case of coils, the first internal turn and the last external turn of the coil shall be considered
as wrapping and not representative of the quality of the rest of the coil. The selection shall be
made from the first external or internal turns, excluding the wrapping turn and outside any
welding zones or interleaves.

In the case of sheets, the selection shall be made preferably from the upper part of the bundle.

By choosing a suitable order for the execution of the tests, the same sample shall serve to verify
the various properties.

8.3 Preparation of test specimens
8.3 Magnetic properties

For|the measurement of magnetic polarization and specific total loss using the-25,6m Epsftein
franmpe in accordance with IEC 60404-2, the test specimen shall consist ofj'a minimum of
16 Epstein test strips having the following dimensions:

— |ength 280 mm to 320 mm, the lengths being equal within a tolerance’of £0,5 mm;
— width 30 mm within a tolerance of £0,2 mm.

Half the test strips shall be cut parallel to the direction of rolling, and the other half of the [test

strigs shall be cut perpendicular to the direction of rolling,-givRrg—an-even-distribution-actoss
the jwidth-of the material. The test strips shall be carefully-cut without deformation. Cutting or

nunkhing nepned-tobls—The maximum-tolerance -betwleen
pHREAHRG } = HY-WHR-W afFpenReatotis—ne axt Hoterad Det

the firectionof cutting-inrelationto-the specified-diregtiBn-shallbe+5° The permitted tolergnce

for {he angle between the specified direction and tie direction of cutting or punching is +59.

wiccHt

As far as possible, the selection of test strips_Strall be made uniformly across the width of|the
prodluct. The test strips shall be carefully cutithout deformation. The cutting or punching ghall
be g¢arried out only with well-sharpened tqols.

If the width of the-material product is-insufficient for a sampling of test strips of the prescribed
length to be taken across the widthythe test strips shall be-taken-in cut parallel to the diregtion
of rolling only.

In the case of measurements of specific total loss on aged test-pieces strips,these the Epsftein
test|strips shall be-heated aged by heating at (225 £+ 5) °C for a duration of 24 h and shall be
cooled to ambient temperature of (23 + 5) °C. Other ageing treatment conditions-can-alse nay
be ysed by agreemeht between the manufacturer and the purchaser at the time of enquiry [and
order.

8.3.2 Geometrical characteristics and tolerances

For thelmeasurement of thickness, widthflatress, edge wave (wave factor), residual curvatpre,
deviatiomfrom—ttre ailcalillg tirre (illtcllldi btlcbb) ard cdgc camber—the—test—specimen—shall

consist of a-sheetera2 1 m length of strip or sheet.

For the measurement of residual curvature by the vertical method, the test specimen shall
consist of a sample 500 %8 mm in length and of width equal to the delivery width of the-strip-or
sheet product.

The tolerance on the length of the test specimen may be agreed between the manufacturer and
the purchaser at the time of enquiry and order.
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8.3.3 Technological characteristics
8.3.3.1 Stacking factor

The test specimen shall consist of at least 16 strips of the same size; in case of dispute, the
test shall be made with 100 strips. The strips shall have a width of at least 20 mm and a surface
area of at least 5 000 mmZ2. The widths and lengths of the strips-being shall be equal within the
tolerances of £0,2 mm;as-wel-as-theirlengths and £0,5 mm respectively. The test strips shall
be carefully deburred before the test.

Epstein test strips may be used for this test (see IEC 60404-2 and IEC 60404-13).

8.3.8.2 Number of bends

Twq test specimens at least 20 mm wide shall be-eut taken from outside of the welding zofes,
perpendicular to the direction of rolling-ef-the-sheet, at a distance of at least-40)mm from|the

edge and-from at the middle of the width,and-outside-any-weldingzones. The r€sult of reverse

benf test shall be the smaller value of the minimum numbers of bends inthe two specimerns.

Thellength of the test specimen depends on the test apparatus usedne’perform the test.

the prescribed length to be taken across the width, the test specimens shall be taken-in parallel
to the longitudinal axis (the direction of rolling). In this cask, the values of Table 1 and Tablle 2
alsq apply.

If thF width of the-material product is insufficient for-transverse/@a sampling of test specimens of

Thel|test specimens shall be carefully cut, without deformation. Epstein test strips may be used
for fhis test (see IEC 60404-2 and IEC TR 63114):

8.4 Test methods

8.4/ General

Forleach specified property, one test shall be carried out per acceptance unit. Unless otherwise
spegified, the tests shall be made at an ambient temperature of (23 + 5) °C.

8.42 Magnetic properties
8.42.1 Magnetic polarization and specific total loss

The|testshall be made using a 25 cm Epstein frame in accordance with IEC 60404-2.

As an alternative to the Epstein method, the single sheet tester (SST) method specified in
IEC 60404-3 may be used by agreement between the manufacturer and the purchaser at the
time of enquiry and order. In this case, the specified values to be

testermay measured by the SST method can be different from those in Table 1 and Table 2,
and may be subject to agreement between the manufacturer and the purchaser at the time of
enquiry and order.

8.4.2.2 Anisotropy of loss

Two measurements of the specific total loss in watts per kilogram shall be made, one on
16 Epstein test strips taken perpendicular to the direction of rolling, and one on 16 Epstein test
strips taken parallel to the direction of rolling.
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022

The anisotropy of the specific total loss T, expressed as a percentage, is calculated according
to the following equation:

P, —P,
P1 +P2

I 100

TZMX']OO
Prp + Ppp

whe
Py A

=y
8.4.

8.4.
The

fronp the edges. For-materials products of a width less than-60 40 mm, the measuremer

thic
Thig
0,04

8.4.

The
the

8.4.
The

8.4.

The
the

8.4.

re

1D is the specific total loss, in watts per kilogram, measured in the direction perpendic
to the direction of rolling;

rp IS the specific total loss, in watts per kilogram, measured in the dirgction parallel to
direction of rolling.

3 Geometrical characteristics and tolerances

3.1 Thickness

measurement of thickness shall be made at any point located-mere-than-30 at least 20
ness shall be made along the longitudinal axis (th@ydirection of rolling) of the-sheet prod

measurement shall be made using a micrometer with an-aeceuracy uncertainty of-0;
2 mm or better.

3.2 Width

width shall be measured perpendicular to the longitudinal axis (the direction of rolling
product with a calibrated measurifg instrument.

3.3 Edge wave (wave factor)

wave factor shall be determined in accordance with IEC 60404-9.

3.4 Residual curvature

residual curvature in the longitudinal-direction-of-the-strip axis (the direction of rolling
product shall'be determined in accordance with IEC 60404-9.

3.5 Edge camber

The

8.4.

8.4.

The

ular

the

mm
t of
uct.
001

4 Technological characteristics
4.1 Stacking factor

stacking factor shall be measured in accordance with IEC 60404-13.
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8.4.4.2 Number of bends
The test consists of bending the test specimen through 90° alternately to each side of its initial

position, according to the method of bending defined by ISO 7799. The radius of bending
chosen shall be 5 mm.

A bend of 90° from the initial position with return to the initial position counts as one bend.

The test shall be continued until the specified minimum number of bends given in Table 1 and
Table 2 is reached without an occurrence of cracks in the base metal. Alternatively, the test

fronp the test specimen or a sudden current change when a constant voltage is applieghbetween
the poth ends of the test specimen. The occurrence of cracks shall be confirmed by, naked |eye
insgection.

The|last bend shall not be counted.

NOTE Further information on the procedure of the reverse bend test can be found ignNE€ TR 63114.
8.4.4.3 Deviation from the shearing line (Internal stress)

TheHnternal-stresses deviation from the shearing line shall bedetermined in accordance ith
IEC|60404-9.

8.5| Retests
When a test does not give the specified result, this\test shall be repeated on double the number
of t@st specimens from other sheets of the accéeptance unit or on other strips from the coils. [The

deliyery shall be considered to conform with7the order if all results of additional tests are in
accprdance with the requirements of this doeument.

Aftgr re-treatment, the manufacturer.has the right to present again for test the acceptance units
whi¢h had not been found to comply with the order.

9 [Marking, labelling and packaging

Marking, labelling and-packaging of the products may be agreed between the manufacturerfand
the purchaser at the time of-erdering enquiry and order.

10 |Complaints

Intefnal or external defects shall justify a complaint only if they are clearly prejudicial tofthe
method’of working or the judicious use of the-material product.

The purchaser shall give the manufacturer the opportunity of convincing himself of the fairness
of the claim by presenting the-material product in dispute and evidence for the complaint.

In all cases, the terms and conditions of complaints shall be made in accordance with ISO 404.

11 Information to be supplied by the purchaser

For-materials a product to comply adequately with the requirements of this document, the
purchaser shall include the following information in his enquiry or order:

a) the quantity;
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b)
c)
d)
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the type of product (strip or sheet);
the number of this document (IEC 60404-8-4);
name-or-number-of the steel name (see Clause 5);

e) the dimensions of strips or sheets required (including any limitations on the internal and

f)
g)

external diameters of a coil) (see 6.2 and 7.2.2);
any limitation on the mass of a coil or a bundle of sheets (see 6.2);
any special requirements about the marking of welds or interleaves (see 6.2);

h) anyrequirementfor-insulation—and-its—classification for products supplied with insulation

' H & 1o bl
LUatiiy, dity TCUUITTITITTIU aUUUl 1

and their verification (see 6.3);

ANy special requirement about the suitability for cutting or punching (see 6.5);

ANy special requirement about the value of maximum specific total loss measured using
strips cut parallel to the direction of rolling only or test strips cut perpéndicular to
Hirection of rolling only (see 7.1.3);

bny special requirement about the declaration of the measured value of anisotropy of
see 7.1.4);

bf narrow strip (see 7.2.1 and 8.4.3.1);

Any special requirement about tolerances on the ggbmetric characteristics of prod
supplied with as-rolled edges (see 7.2.2);

bny requirement about the residual curvature (see7.2.5);

he inspection procedure required including the nature of the related documents (see 8

ester (SST) method specified in IEC 6Q404-3 (see 8.4.2.1);

hny requirement about marking, labelling and packaging of the products (see Clause 9).

H [P ' ol ' Llo 4 los £ .\t
IS rouTiativrr vuatliny difu 1to PTUptTliTo, UITT SIAURNITTY I'dl or

test
the

0SS

ANy special requirement about the thickness measurementrand tolerance across the width

Lcts

1);

hny special requirement about the specified values to be measured by the single sheet
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Annex A
(informative)

Non-specified magnetic properties

Table A.1 gives the non-specified magnetic properties.

Table A.1 — Non-specified magnetic properties

Stestname at1,0 T and 50 Hz
W/kg
M210-35A5 0,90
M230-35A5 0,95
M235-35A5 0,95
M250-35A5 1,00
M270-35A5 1,10
M300-35A5 1,20
M330-35A5 1,80
M360-35A5 1/45
M230-50A5 1,00
M250-50A5 1,05
M270-50A5 1,10
M290-50A5 1,15
M310-50A5 1,25
M330-50A5 1,35
M350-50A5 1,50
M400-50A5 1,70
M470-50A5 2,00
M530-50A5 2,30
M600-50A5 2,60
M700-50A5 3,00
M800-50A5 3,60
M940-50A5 4,20
M1000-50A5 4.40
M310-65A5 1,25
M330-65A5 1,35
M350-65A5 1,50
M400-65A5 1,70
M470-65A5 2,00
M530-65A5 2,30
M600-65A5 2,60
M700-65A5 3,00
M800-65A5 3,60
M1000-65A5 4,40
M600-100A5 2,60
M700-100A5 3,00
M800-100A5 3,60
M1000-100A5 4,40
M1300-100A5 5,80
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Annex B
(informative)

Caleulation of densi |

Calculated density of non-oriented electrical steel

A calculated density obtained by Formula (B.1), which is in accordance with ASTM A34/A34M,
may can be used for the calculation of-density—valdes-on magnetic properties and the stacking

factr—hweem#behmﬁm—mfm@emﬁﬂmmﬁwrﬁﬂﬁv&mand
ordér (see-Fablest+-and 2 footnote¢ 7.3.1):

p=[7,865-0,065x(Cg; +1,7Cy)] (B.1)

whdre

o) is-the-numerical-valueof the calculated density, expressed. inkg/dms3;

Csi is the-numerical-value mass fraction of silicon content, €xpressed-as-a-mass-fragtion
in percentage (%);

Cal is the—numericalvalue mass fraction of aluminium content, expressed-as—a-nfass

fraction in percentage (%).
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MAGNETIC MATERIALS -

Part 8-4: Specifications for individual materials —
Cold-rolled non-oriented electrical steel strip and sheet

FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization compr
Il national electrotechnical committees (IEC National Committees). The object of IEC is to promote internat
-operation on all questions concerning standardization in the electrical and electronic fields. To this end
addition to other activities, IEC publishes International Standards, Technical Specificatiohs, Technical Rep
ublicly Available Specifications (PAS) and Guides (hereafter referred to as ‘IEC’ Publication(s)”). ]
reparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt
ay participate in this preparatory work. International, governmental and non-goveramental organizations lia
ith the IEC also participate in this preparation. IEC collaborates closely with the International Organizatio
tandardization (ISO) in accordance with conditions determined by agreement)between the two organizatio

he formal decisions or agreements of IEC on technical matters express,sas nearly as possible, an internat
onsensus of opinion on the relevant subjects since each technical\eommittee has representation frof
terested IEC National Committees.

FC Publications have the form of recommendations for interhational use and are accepted by IEC Nat
ommittees in that sense. While all reasonable efforts are{made to ensure that the technical content of
ublications is accurate, IEC cannot be held responsiblg’ for the way in which they are used or for
isinterpretation by any end user.

h order to promote international uniformity, IEC National Committees undertake to apply IEC Publica
ansparently to the maximum extent possible in their’national and regional publications. Any divergence bet
ny IEC Publication and the corresponding national‘or regional publication shall be clearly indicated in the I

FC itself does not provide any attestation of~conformity. Independent certification bodies provide confo

rvices carried out by independent certification bodies.

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

022

sing
onal
and
orts,
[heir
with
sing
h for
nsS.

onal
h all

onal
IEC
any

ions
een
tter.

mity
any

o liability shall attach to IEC er(its directors, employees, servants or agents including individual experts| and

embers of its technical committees and IEC National Committees for any personal injury, property dama
ther damage of any nature“whatsoever, whether direct or indirect, or for costs (including legal fees)
xpenses arising out oftthe publication, use of, or reliance upon, this IEC Publication or any other
ublications.

ttention is drawn o the Normative references cited in this publication. Use of the referenced publicatio
dispensable forithe correct application of this publication.

ttention is drfawn to the possibility that some of the elements of this IEC Publication may be the subject of p
ghts. IEC/shall not be held responsible for identifying any or all such patent rights.

60404:8-4 has been prepared by IEC technical committee 68: Magnetic alloys and ste
ah{International Standard.

e or
and
IEC

hs is

htent

els.

This fourth edition cancels and replaces the third edition published in 2013. This edition
constitutes a technical revision.

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

a) modification of terms and technical requirements concerning geometrical characteristics to
be consistent with IEC 60404-9:2018;

b) insertion of Table 3 — Tolerances on nominal thickness;

c) change of the length of test specimen for determination of geometrical characteristics from
2mto1m.
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The text of this International Standard is based on the following documents:

Draft Report on voting

68/700/CDV 68/713/RVC

Full information on the voting for its approval can be found in the report on voting indicated in

the

above table.

The language used for the development of this International Standard is English.

This
acc

Ali

Thel committee has decided that the contents of this document witlxremain unchanged until
stahility date indicated on the IEC website under webstore.iec,ch in the data related to
spegific document. At this date, the document will be

reconfirmed,
vithdrawn,
feplaced by a revised edition, or

hmended.

document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
brdance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement;@vailable
at www.iec.ch/members_experts/refdocs. The main document types developed, by IEC
desgribed in greater detail at www.iec.ch/publications.

are

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

the
the



https://www.iec.ch/members_experts/refdocs
https://www.iec.ch/publications
https://webstore.iec.ch/?ref=menu
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INTRODUCTION

This revision of International Standard IEC 60404-8-4 has been prepared by the experts of the
Working Group 1 of the IEC Technical Committee 68: Magnetic alloys and steels.

The third edition of IEC 60404-8-4 was issued in 2013. After that, other IEC 60404 standards
were revised and IEC TC 68 decided in 2019 at their meeting in Dusseldorf to revise this
document to maintain consistency for user's convenience. The revision is made mainly on
technical amendments regarding testing and definitions of geometrical characteristics in
accordance with IEC 60404-9. The length of test specimen for determination of geometrical
chafacteristics is changed from 2 m to 1 m. The term of ‘flainess. 1s divided into edge wave
(waye factor)” and “residual curvature” and the horizontal method is introduced for verifieqtion
of rgsidual curvature. This revision also includes corrections in order to improve capsistgncy
with other standards of the IEC 60404-8 series.
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MAGNETIC MATERIALS -

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

O
OTOpPE

part of IEC 60404 defines the grades of cold-rolled non-oriented electrical steelstrip

parficular, it gives general requirements, magnetic properties, geometric_Characteris

tole
thic

Thig
fully
con
sen]

NOT]
in IE

The

2

The
con
For
amg

IEC

IEC
and

IEC

IEC
of ¢

ness 0,47 mm applies to the grades for use at 60 Hz only.

struction of magnetic circuits. This document does not apply(to materials supplied in
i-processed state.

C 60404-8-3.
grades defined in this document correspond to.Class C21 of IEC 60404-1.
Normative references

following documents are referred.teyin the text in such a way that some or all of their con
stitutes requirements of this document. For dated references, only the edition cited app
undated references, the latest edition of the referenced document (including
ndments) applies.

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

60050-221, International Electrotechnical Vocabulary — Chapter 221: Magnetic mate
components

60404-1\Magnetic materials — Part 1: Classification

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

bt in nominal thicknesses of 0,35 mm, 0,47 mm, 0,50 mm, 0,65 mm and-1,00 mm|.

and

Cs,

rances and technological characteristics, as well as inspection procedure. The nomntinal

document applies to cold-rolled non-oriented electrical steel strip‘@nd sheet supplied in the
-processed state, i.e. the final annealed condition, in coils or sheets, and intended for|the

the

. The cold-rolled non-oriented electrical steel strip and sheet supplied in the semi-processed state is spegified

tent
ies.
any

rials

ties

IEC 60404-3, Magnetic materials — Part 3: Methods of measurement of the magnetic properties

of e

lectrical steel strip and sheet by means of a single sheet tester

IEC 60404-9, Magnetic materials — Part 9: Methods of determination of the geometrical
characteristics of electrical steel strip and sheet

IEC 60404-13, Magnetic materials — Part 13: Methods of measurement of resistivity, density

and

ISO

ISO

stacking factor of electrical steel strip and sheet
404, Steel and steel products — General technical delivery requirements

7799, Metallic materials — Sheet and strip 3 mm thick or less — Reverse bend test
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10474, Steel and steel products — Inspection documents

Terms and definitions

022

For the purposes of this document, the terms and definitions given in IEC 60050-121,

IEC

60050-221 and the following apply.

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

3.1

edge wave
waMle factor

pro

Note
to itg

variptions of flatness of a length of strip or a sheet taking a form of waves‘at the slit edge of
uct
1 to entry: The edge wave is characterized by the wave factor which is therelation of the height of the

[SO

3.2
res
vari
of r

[SO

3.3
ed

gre
the

[SO

3.4
dev
inte

greatest distance between corresponding points on the two sheared edges of a length of s

ora
whi

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

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

length, expressed as a percentage.

URCE: IEC 60404-9:2018, 3.1]

dual curvature
btions of flatness of a length of strip or a sheetitaking a permanent curvature in the direc
blling of the product

URCE: IEC 60404-9:2018, 3.2]

e camber
test distance between a longitudinal edge of a length of strip or a sheet and the line joi
fwo extremities of the measured length of this edge

URCE: IEC 60404-9:2018, 3.3]

iation from'the shearing line
fnal stress

sheet)sheared in the middle of the width, in parallel to the direction of rolling of the prod
ch.€haracterizes the internal stress of the materials

the

ave

tion

ning

trip
uct,

[SO

3.5

URCE: IEC 60404-9:2018, 3.4]

number of bends
counts of alternate bending in the reverse bend test prior to the appearance of the first crack in
the base metal of the specimen visible to the naked eye or sudden failure occurs by fracture

[SO

URCE: IEC TR 63114:2018, 3.2]
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4 Classification

The grades covered by this document are classified according to the specified value of
maximum specific total loss and according to the nominal thickness of the product!.The
products of the nominal thicknesses 0,35 mm, 0,50 mm, 0,65 mm and 1,00 mm are classified
according to the specified values tested at a magnetic polarization of 1,5 T and 50 Hz, in watts
per kilogram. The product of the nominal thickness 0,47 mm is classified according to the
specified value tested at a magnetic polarization of 1,5 T and 60 Hz, in watts per kilogram.

5 D_esignai'inn

The| steel name comprises the following in the order given:

a) p letter “M” for electrical steel;

b) pne hundred times the specified value of maximum specific total loss|at a magnetic
bolarization of 1,5 T and 50 Hz, in watts per kilogram, for the products” of the nominal
hicknesses 0,35 mm, 0,50 mm, 0,65 mm and 1,00 mm, or at a magnetic polarization of
1,5 T and 60 Hz, in watts per kilogram, for the products of the nominal thickness 0,47 mm;

c¢) pne hundred times the nominal thickness of the product, in millimeters;

d) the characteristic letter “A” for the grades of cold-rolled non=oriented electrical steel strip or
sheet supplied in the fully-processed state;

e) pne tenth of the frequency at which the maximum spegific total loss is specified, i.e. 5 qr 6.

EXAMPLE M250-35A5 for cold-rolled non-oriented electrical ste€l\strip or sheet with a maximum specific total|loss
of 2,60 W/kg at a magnetic polarization of 1,5 T and 50 Hz, @andva nominal thickness of 0,35 mm, supplied in the
fully{processed state.

6 |[General requirements

6.1 Production process

The| production process of the ste€l and its chemical composition are left to the discretiop of
the manufacturer.

6.2| Form of supply

Thel| product is supplied-in coils in the case of strip and in bundles in the case of sheets.

The|l mass of ceils or bundles of sheets shall be agreed between the manufacturer and|the
pur¢haser at the'time of enquiry and order.

The|l recommended value for the internal diameter of coils is approximately 508 mm or
approximately 610 mm.

Strip shall be of constant width and wound in such a manner that the edges are superimposed
in a regular manner and the side faces of the coil are substantially flat.

Coils shall be sufficiently tightly wound in order that they do not collapse under their own weight.

Strip may exhibit welds or interleaves resulting from the removal of defective zones if agreed
between the manufacturer and the purchaser at the time of enquiry and order. If necessary, the
marking of welds or interleaves may be agreed between the manufacturer and the purchaser at
the time of enquiry and order.

1 In the rest of the document, the word “product” is used to mean “strip and sheet”.
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For coils containing welds or interleaves, each part of the strip shall be of the same grade.

The edges of parts welded together shall not be so much out of alignment as to affect the further
processing of the product.

Sheets which make up each bundle shall be stacked so that the side faces of the bundle are
substantially flat and approximately perpendicular to the top face.

6.3 Delivery condition

The[pr
one
its properties, the stacking factor and their verification are subject to agreement between|the
marnufacturer and the purchaser at the time of enquiry and order.

NOTE Further information on the classification of surface insulation coatings can be found in [EC 60404-1-1.

6.4| Surface condition

The| surfaces shall be smooth and clean, free from grease and rust2:-Dispersed defects quch
as $cratches, blisters, cracks, etc. are only permitted if they are) within the toleranceg on
thickness and if they are not detrimental to the correct use of the supplied product.

For|products supplied with insulation coating, the coating shall be sufficiently adherent so fthat
it dpes not become detached during manufacturing operations. During the reverse bend [test
(see 8.4.4.2), the coating shall not become detachedafier a bend of 90°. If the coating becomes
detached during the test, the sample of the product from which the test specimen was tgken
sha|l be subjected to a shearing test. By shearing the sample with well sharpened tools, a
detagchment of large pieces of the coating shall not be admissible. However, some slight
chigping of the coating at the sheared edges'shall be tolerated.

6.5| Suitability for cutting
The| product shall be able to be eut)or punched without causing premature wear of tools. [The

prodluct shall be suitable for cutting or punching accurately into the usual shapes at any ploint
whegn appropriate cutting or_pupching tools and technologies are used.

A special requirement_ctoncerning suitability for cutting or punching of the product may be
sublect to agreemenf between the manufacturer and the purchaser at the time of enquiry fand
order.

7 |Technical requirements

71 Magnetic properties

711 General

The properties defined in 7.1.2 to 7.1.4 shall apply to products in the delivery conditions defined
in 6.3.

For products supplied with insulation coating, the mass of the coating shall be taken into
account to determine the magnetic properties.

2 This should not be confused with some coloration of the insulation coating inherent to the manufacturing process.
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7.1.2 Magnetic polarization

The specified values of minimum magnetic polarization, expressed as a peak value, at AC
magnetic field strengths H of 2 500 A/m, 5 000 A/m and 10 000 A/m, expressed as a peak value,
shall be as given in Table 1 at 50 Hz or Table 2 at 60 Hz.



https://iecnorm.com/api/?name=c357a7a30ba7116276169d353b2a2e57

IEC 60404-8-4:2022 © IEC 2022

- 12 -

G8'L ol 8F +8 2+t 9+ 692+ ‘oL GV0S-000L N
G8'L ol 8+ 18°L zL) 29l v8'LlL v'6 SV0S-0v6 N
08°‘.L ol oL+ 8.1 0L 09l 90°0l 0'g GV0S-008IN
08'L ol oLF L' 69°L 09°L 6.8 0L SV0S-00LN
GL'L ol oLF 9/'L 99°IL 161 £6%L 09 SV0S-009N
0L, ol oL+ Gl Go'L 9g°lL 999 €'g GV0S-0€SIN
0L, ol oL+ i7" 9L vS'L 06°G L'y GV0S-0LvIN
0.2 S 960 CL¥F €L €9°L €61 0L's 0y 0S'0 SV0S-00Y N
G9'L S CL¥F 0L} 09°L oS Sv'y G'e GV0S-0GEN
G9°L € 14%; 0L 09°L 61l 0z'vy €'e GV0S-0€EN
G9'L € yLF 0L} 09°L 67l G6'C Le SVY0S-0LEN
09'L 4 LLF 0L} 09'l, 67l LL'e 6°C SV0S5-06CN
09°L 4 LLF 0L 09k 61l YA L'C GV0S-04CIN
09°L 4 LLF 0L 09°L 61l Le'e G'c GV0S-0SCIN
09'L 4 LLF 0L} 09°t 6v'L G6°'C €C SV0S-0€CN
G9°L € LLF 0L 09°L 61l GGy 9'c GVGE-09EN
G9°L € LLF 0L4p 09°L 61l zl'y €'e GVGE-0EEN
G9'L € LLF 0. 09°L 67l v.'e 0‘c SVGE-00EN
G9'L 4 G6'0 LLF 0L} 09°L 67l 9g'e LC G0 GVSE-0LCN
09°L 4 LLF 0L 09°L 61l vl'e G'c GVGE-0GCIN
09, 4 AR 0L 09°L 61l 16°C HE'C GVGE-GECIN
09'L 4 IARS 0L} 09°L 67l 06 €C SVGE-0€CN
09°L 4 LLF 0L 09°L 61l G9‘c 1'c GVGE-0LCIN
cwp/B % w/v 000 Ol w/v 000 § Ww/v 00§ ¢ qZH 09 1€ ZH 0G 1® wuw
spuaq 10})9E} sso| jo 1 B3/M
o Aisuap Jo Jaqunu Bupjoeys Adosjosiue yibuauys pjaly anjoubew Jy ue je 1SLIe mww__h_w_hﬂ_f w“a:
[euoluaAuoy wnuwiuip wnwuiy wnuwixep e uonezuejod o13oubew wnwiuip ss0| |e}0} o1j19ads winwixep [eUlUON 19931s
(z-v0¥09 D3| 03} buipioosoe poyjaw uldjysd oubeuw)

3 ay)} Buisn painseaw ate salyadoud 921



https://iecnorm.com/api/?name=c357a7a30ba7116276169d353b2a2e57

- 13 =

IEC 60404-8-4:2022 © IEC 2022

(Ayisuap xnjj oIsulul) uonezie

g Xauuy 98s ‘JapJo pue Alinbus jo awi} ay) je Jaseyoind sy} pue Jainjoejnuewl ay)

H -g=r

f-WH

=

*121-059009 O3 yim ady
jod oijeubew sujwialap 0} pasn s| swely uidysd3 ay) ‘Joey u| ‘Alsuap.xn|s oljoubew Jo sanjea aAlb 0} sieak

usamjaq poaalbe aq Aew sanjea Jayi0

"uonjewloyul 1oy AlUQ 4

‘yibuaiys pjoyy oneubew ayysi g
| x %i :juejsuod oneubew ayys1 7

‘Ayisuap xnj} onpubew ayj si g
‘uoneziiejod onjeubew ayj si r
al1aym

epJoOOE U] SMO||0} SB pauliap SI Yolym
Kuew lJoj @onoeld uowwoo usaq sey}|

) ol 9F 8.1 0L 09°1L ve'Ll oo‘cl GVY00L-00€LIN
08, ol 9F 91 89 861 6ecl ool GV001-000L N
0L, S 860 9F GL1L 991 95°) 0.0l 08 00°L GVO00L-008IN
G9‘.L € 8+ €L 9L Sl 8€‘6 0L GVv00L-00LZIN
09°L 4 oL+ zlL'L €91 €G°1L 718 0'9 Gv00L-009IN
08, ol oL+ 08K L2 191 112 ool GVG9-000LIN
08°‘.L ol oL+ 8L°) 0L 09l 9z'ol 0'g GVG9-008IN
Gl'L ol oL+ 91 191 1S°1 868 0L GVG9-00LIN
GL'L ol oL+ 91 991 951 LL'L 09 GVG9-009IN
0L S cL¥ L ¥9°1L vS'L ¥8‘9 €‘s . GVG9-0€SIN
G9‘L S 160 C¥F €L €9°1L €G°1L €19 L'y 590 GVG9-0LvIN
G9',L 4 4% zl'L 29l (4" 0z's 0'v GVG9-00vIN
092 4 1453 0L 09°L 67l LSV G'e GVG9-0SEN
092 4 SlL¥ 0L 09°L 61l 0e'y €'e GVG9-0€EN
092 4 GlL¥ 0L 09°L 61l 80V L'e GVG9-0LEN
mEU\mv_ % w/v 000 0L w/v 000 S Ww/v 006G ¢ qZH 09 1e ZH 06 e wuw
o Anisusp _om._wmw:n:: m”_n_w«_wwﬂm >nwom._wn_v“n_v:m yjbualiys p|any o_.«rwcmmE IV ue je ...mmx.@ﬁm ssauydly) aweu
[euoRtaatioy wnwiutiy WUt | CTwuTXey T Honezretod-ottouBe -ttt SSoTTeroroRoTds WnwWIXe |BUIION 12938



https://iecnorm.com/api/?name=c357a7a30ba7116276169d353b2a2e57

IEC 60404-8-4:2022 © IEC 2022

- 14 —

(Ayisuap xn|} o1suLul) uonezig

g xauuy 88s ‘1apJo pue Alinbus jo awiy sy} e Jaseyoind ay) pUe JainjoejnUBW BY)

H % - g =r

GoWH

*121-059009 O3 yim ady
od onjeuBew aujwisep 0} pasn s| swedy uiglsdg ay) joefly "Alisusp xn|y onaubew jo sanjea aAlb 0} sieak

usamjaq peaibe aq Aew san|ea JaylQ

‘uoljewloyul 1oy AjuQ

‘yibuanys pjaly onjoubew ayy st g

| x Ly :Juejsuod oneubew ayysi 07
‘Ayisuap xnj4 ojoubew ayy si g
‘uoneziiejod onjeubew ayj si r

al1aym

epJooOE U] SMO||0) SB pauljap SI Yolym
fuew Joj 8o1joeId UOWWOD UBAQ Sey }|

08°L ol 4% LL°) 89°1L 8G°lL 06‘6 [8°L 9V .¥-066IN
08°L ol 453 12°1 89°L 8G°lL 9¢‘g 9'9 9V .v-9€8N
GL'L ol 4% VLY ¥9°1L Sl 8¢9 to‘s 9V .y-8EAN
0L, S 4% VLY 191 LG L 10‘S o'y 9V .y-L0SIN
0.2 S 96°0 1453 0L°1 09°L 0s‘lL sy is'e YA 9V .Lv-¢SvIN
0L, € 4% 0L 09°L 61l 6Ly €'e IV.LV-6LVIN
G9°L € 4% 0L 09°L 6v°l 80y [z 9V .¥-80VIN
G9°/ € A% 0L°1 09°L 61l 08‘c o' 9V .v-08EN
G9°L 4 gL+ 0L 09°L 61l 0L [6°C IV.y-0LEN
gp/By % w/Y 00004 | WV 000S w/y 00S Z zH 09 je q Zif 05 18 ww
L B31/m
spuaq 10)9k} $S0| 40
5 Aysuap 40 Jaquinu Bufyoels Adosjosiue yiBuaiys pjayy onoubew Jy ue je 1L5‘L1e ssauyo1Y) aweu
|euoljuaAu0) wnwiuip winuwiuiy wnuwixep e Uonjezuejod opsubew wnwiuiy sso| |30} oi19ads winwixep |JeulwoN EEI

Ajuo zH 09 }e @sn 10}

(2-¥009 231 03 Buipiodoe poyjaw ulajsd3 ayj Buisn painseaw aie saljiadoid sljpubew)

Wi /§°( SSewy oIy} [eurwiou Jo joays pue diijs 1o} seijiedoad oijaubew pue seiiadoud [esibojouysa] — z ajqel



https://iecnorm.com/api/?name=c357a7a30ba7116276169d353b2a2e57

IEC 60404-8-4:2022 © IEC 2022 - 15 —

7.1.3 Specific total loss

The specified values of maximum specific total loss at a magnetic polarization of 1,5 T and
50 Hz shall be as given in Table 1 for products of the nominal thicknesses 0,35 mm, 0,50 mm,
0,65 mm and 1,00 mm. They apply to:

— aged or non-aged test strips (see 8.3.1), for products of the nominal thicknesses 0,35 mm,
0,50 mm and 0,65 mm;

— non-aged test strips, for products of the nominal thickness 1,00 mm.

and

A special requirement concerning the value of maximum specific total loss measured using [test
strips cut parallel to the direction of rolling only or test strips cut perpendicular tqQ the direction
of rglling only may be subject to agreement between the manufacturer and thefpurchaser atf the
timg of enquiry and order.

NOTE Annex A gives non-specified values of maximum specific total loss at a magnetic polarization of 1,0 T| and
50 HEg.

7.1.4 Anisotropy of loss

The| permitted values of maximum anisotropy of loss at a,magnetic polarization of 1,5 T ghall
be as given in Table 1 and Table 2.

A special requirement concerning the declaration gf the measured value of anisotropy of |oss
may be subject to agreement between the manufagturer and the purchaser at the time of enqfuiry
and|order.

7.2 Geometrical characteristics and tolerances
7.2 Thickness

Thelnominal thicknesses of the product are 0,35 mm, 0,47 mm, 0,50 mm, 0,65 mm and 1,00 mm.
Thelnominal thickness 0,47 _mm applies only to the grades for use at 60 Hz only.

Forlthickness tolerancey a distinction is made between

— the deviationfrom the nominal thickness within an acceptance unit;

— the difference in thickness in a direction parallel to the direction of rolling in a length of gtrip
Dr sheetf;

— the difference in thickness in a direction perpendicular to the direction of rolling. This
olérance applies only to products supplied with a width greater than 150 mm.

At any point, the deviation from the nominal thickness within an acceptance unit shall not
exceed the tolerance of Table 3.

The additional thickness due to welds with respect to the measured thickness of the product
shall not exceed 0,10 mm.

The difference in thickness in a direction parallel to the direction of rolling in a 1 m length of the
product shall not exceed

— 0,030 mm, 0,038 mm and 0,040 mm for products of the nominal thicknesses 0,35 mm,
0,47 mm and 0,50 mm respectively;

— 0,045 mm and 0,060 mm for products of the nominal thicknesses 0,65 mm and 1,00 mm
respectively.
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Table 3 — Tolerances on nominal thickness

Nominal thickness Tolerance
mm mm
0,35 +0,030
0,47 +0,038
0,50 +0,040
0,65 10,045
1,00 +0,060

For|products supplied with a width greater than 150 mm, the difference in thickness |n a
direction perpendicular to the direction of rolling shall not exceed

— P,020 mm for products of the nominal thicknesses 0,35 mm, 0,47 mm and:0;/50 mm;
— P,030 mm for products of the nominal thicknesses 0,65 mm and 1,00 fmm.

Thel measurements shall be made at any point located at least 20.mm from the edges (see
8.4.3.1). For narrow strips, other agreements may be needed.

7.2  Width

Thelcommonly available nominal widths are less than or équal to 1 250 mm.

For|the tolerances on width, a distinction is madetbetween products supplied with slit edges
and|products supplied with as-rolled edges.

For|products supplied with slit edges, the tolerances of Table 4 shall apply.

Table 4 — Tolerances on nominal width

Nominal width/ Tolerance @
mm mm
0,2
/<150 s
150 < < 300 108
300 < /< 600 o
1
600 < /< 1000 o
1
1000 </<1250° e
2 By agreement between the manufacturer and the purchaser at the time of enquiry
and order, the tolerances on nominal width can be all minus tolerances.
®  Nominal widths greater than 1250 mm may be delivered. In this case, the
tolerance should be agreed between the manufacturer and the purchaser at the
time of enquiry and order.

For products supplied with as-rolled edges, the tolerances on geometric characteristics shall
be subject to agreement between the manufacturer and the purchaser at the time of enquiry
and order.
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3 Length

verification of length does not apply to the products supplied in coils.

For products supplied in sheets, the tolerance on the length of sheets in relation to the length

ordered shall be +8’5 %, but with a maximum of +6 mm.

7.2,

The
100

7.2,

The
100

Ar
mar

Twdg

4 Edge wave (wave factor)

mm. The wave factor (see 8.4.3.3), shall not exceed 2 %.

5 Residual curvature

mm.

bquirement concerning residual curvature may be subject to agreement between
ufacturer and the purchaser at the time of enquiry and order.

methods for the determination of the residual curvature (inythe direction of rolling of

product are described in IEC 60404-9: a horizontal methdd and a vertical method.

hori
ISO

NOT]
inter
the t

7.2,

zontal method is recommended from the aspect of worker’'s safety and consistency
standards.

Horizontal method:

bn which the test specimen is placed, shal} not exceed 17,5 mm for products of the nom
hicknesses 0,35 mm, 0,47 mm, 0,50 mm+and 0,65 mm. A different maximum distance

be agreed by the manufacturer and.the purchaser at the time of enquiry and order.
petween the manufacturer and the purchaser at the time of enquiry and order.

Vertical method:

n this method, the maximum distance between the bottom edge of the test specimen

he supporting plate shall not exceed 35 mm for products of the nominal thicknes

his distance shali"be subject to agreement between the manufacturer and the purchase
he time of enquiry and order.

F  The horizontal and vertical methods, with the limits 17,5 mm and 35 mm respectively, are not ex

me of enquiry and order.

6 Edge camber

verification of residual curvature applies only to products supplied with a width greater than

the

the
The
with

n this method, the maximum distance between the test specimen and a flat surface taple,

inal
may
For

products of the nominal thickness@,00 mm, this distance shall be subject to agreement

and
ses

D,35 mm, 0,47 mm, 0,50 mm and 0,65 mm. For products of the nominal thickness 1,00 mm,

r at

Actly

Changeablex: Which method to use can be subject to agreement between the manufacturer and the purchasler at

The verification of edge camber applies only to products supplied with slit edges and a width
greater than 30 mm.

The

edge camber shall not exceed for a measuring length of 1 m:

1,0 mm for the nominal width /, / > 150 mm;

— 2,0 mm for the nominal width /, 30 mm </ < 150 mm.

7.3
7.3.

The

Technological characteristics
1 Density

density of the products is not specified.
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The conventional values of density used to calculate the magnetic properties and the stacking
factor shall be as given in Table 1 and Table 2. Other values may be agreed between the
manufacturer and the purchaser at the time of enquiry and order (see Annex B).

7.3.2 Stacking factor

The specified values of minimum stacking factor shall be as given in Table 1 and Table 2, and
only apply to products supplied without insulation coating. The values of products supplied with
insulation coating are subject to agreement between the manufacture and the purchaser at the
time of enquiry and order.

7.3.8 Number of bends

Thel| specified minimum number of bends shall be as given in Table 1 and Table 2,.The values
apply to test specimens cut perpendicular to the direction of rolling.

7.3.4 Deviation from the shearing line (internal stress)

The| products shall be, as far as possible, free from internal stress.

The| verification of the deviation from the shearing line applies only:to products supplied with a
widtih greater than 150 mm. The measured gap shall not exceed, T mm for a measuring length
of 1| m.

8 [Inspection and testing

8.1 General

The| products defined by this document can®e ordered with or without specific inspectiop in
accprdance with ISO 404. However, as a dispensation from ISO 404, in the case of an ofder
withHout inspection, the manufacturer shall*supply an inspection document type 3.1 according to
ISO| 10474 giving the specific total loss~of the supplied product.

e case of an order with specific inspection, the type of inspection document in accordgnce
ISO 10474 shall be spécified when ordering. In this case, the delivery is divided [into
acceptance units.

Each acceptance unit'shall comprise 20 t or the remaining fraction thereof of the same grade
and| the same nominal thickness. Different acceptance units can be adopted by spdgcial
agréement between the manufacturer and the purchaser at the time of enquiry and order.

For|coils of.more than 20 t, each coil shall constitute an acceptance unit.

Exceptiby special agreement, the same rules apply to the inspection of deviation from
,_suitability for cutting, a insulation coating and
tolerances on geometrical characteristics.

When the products are delivered in the form of slit coils, the test results made to the parent coil
of the acceptance unit shall apply.

8.2 Selection of samples

Test samples shall be taken from each acceptance unit.

In the case of coils, the first internal turn and the last external turn of the coil shall be considered
as wrapping and not representative of the quality of the rest of the coil. The selection shall be
made from the first external or internal turns, excluding the wrapping turn and outside any
welding zones or interleaves.
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In the case of sheets, the selection shall be made preferably from the upper part of the bundle.

By choosing a suitable order for the execution of the tests, the same sample shall serve to verify
the various properties.

8.3 Preparation of test specimens
8.3.1 Magnetic properties

For the measurement of magnetic polarization and specific total loss using the 25 cm Epstein
fra i i = i i inj of
16 Epstein test strips having the following dimensions:

ength 280 mm to 320 mm, the lengths being equal within a tolerance of £0,5 mn;
idth 30 mm within a tolerance of £0,2 mm.

Half the test strips shall be cut parallel to the direction of rolling and the other’half of the ftest
strips shall be cut perpendicular to the direction of rolling. The permitted tolerance for the angle

As far as possible, the selection of test strips shall be made uniformly across the width offthe
uct. The test strips shall be carefully cut without deformation, The cutting or punching ghall
be garried out only with well-sharpened tools.

If the width of the product is insufficient for a sampling/of test strips of the prescribed length to
be tpken across the width, the test strips shall be cut_parallel to the direction of rolling only|.

In the case of measurements of specific total doss on aged test strips, the Epstein test sfrips
shal|l be aged by heating at (225 = 5) °C for a,duration of 24 h and shall be cooled to ambjient
temperature of (23 £ 5) °C. Other ageing.;freatment conditions may be used by agreement
between the manufacturer and the purchaser at the time of enquiry and order.

8.3.R Geometrical characteristics and tolerances

For|the measurement of thickness, width, edge wave (wave factor), residual curvatyre,
dev|ation from the shearing line (internal stress) and edge camber, the test specimen ghall
congist of a 1 m length of.strip or sheet.

For|the measurement/of residual curvature by the vertical method, the test specimen ghall
congist of a sample-(500 +§’8 mm in length and of width equal to the delivery width of the product.

The|tolerance on the length of the test specimen may be agreed between the manufacturer jand
the purchaser at the time of enquiry and order.

8.3.3 Technological characteristics
8.3.3.1 Stacking factor

The test specimen shall consist of at least 16 strips of the same size; in case of dispute, the
test shall be made with 100 strips. The strips shall have a width of at least 20 mm and a surface
area of at least 5000 mm2. The widths and lengths of the strips shall be equal within the
tolerances of +0,2 mm and +£0,5 mm respectively. The test strips shall be carefully deburred
before the test.

Epstein test strips may be used for this test (see IEC 60404-2 and IEC 60404-13).
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8.3.3.2 Number of bends

Two test specimens at least 20 mm wide shall be taken from outside of the welding zones,
perpendicular to the direction of rolling, at a distance of at least 40 mm from the edge and at
the middle of the width. The result of reverse bend test shall be the smaller value of the minimum
numbers of bends in the two specimens.

The length of the test specimen depends on the test apparatus used to perform the test.
If the width of the product is insufficient for a sampling of test specimens of the prescribed

|enc thia batalkaon acracc thavwidth tha taoct cnacimanc chall ha talcan narallal ta tha lonaity inal
oo etarce i oross ettt e te SO p e o e S etk e patratte o erogrta

axig (the direction of rolling). In this case, the values of Table 1 and Table 2 also apply.

Thel|test specimens shall be carefully cut, without deformation. Epstein test strips_may be used
for fhis test (see IEC 60404-2 and IEC TR 63114).

8.4 Test methods
8.4 General

Forleach specified property, one test shall be carried out per acceptance unit. Unless otherwise
spetified, the tests shall be made at an ambient temperature of (23 £ 5) °C.

8.4 Magnetic properties
8.42.1 Magnetic polarization and specific total loss

The|test shall be made using a 25 cm Epstein frame in accordance with IEC 60404-2.

As an alternative to the Epstein method, the’ single sheet tester (SST) method specifief in
IEC|60404-3 may be used by agreement,between the manufacturer and the purchaser at|the
timg of enquiry and order. In this case, the specified values to be measured by the SST method
can|be different from those in Table d\and Table 2, and may be subject to agreement betwjeen
the manufacturer and the purchasenat the time of enquiry and order.

8.4.2.2 Anisotropy of loss

Twqg measurements of ‘the specific total loss in watts per kilogram shall be made, ong on
16 Epstein test stripstaken perpendicular to the direction of rolling, and one on 16 Epstein ftest
strips taken parallel to"the direction of rolling.

The| anisotropy of the specific total loss T, expressed as a percentage, is calculated according
to the following equation:

T="—2—20100 (1)

where

Prp is the specific total loss, in watts per kilogram, measured in the direction perpendicular to
the direction of rolling;

Prp is the specific total loss, in watts per kilogram, measured in the direction parallel to the
direction of rolling.
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3 Geometrical characteristics and tolerances

3.1 Thickness

The measurement of thickness shall be made at any point located at least 20 mm from the
edges. For products of a width less than 40 mm, the measurement of thickness shall be made
along the longitudinal axis (the direction of rolling) of the product. This measurement shall be
made using a micrometer with an uncertainty of 0,002 mm or better.

8.4.3.2 Width

The
the

8.4.
The

8.4.

The
dete

8.4.

The

width shall be measured perpendicular to the longitudinal axis (the direction of rolling
product with a calibrated measuring instrument.

3.3 Edge wave (wave factor)

wave factor shall be determined in accordance with IEC 60404-9.

3.4 Residual curvature

) of

residual curvature in the longitudinal axis (the direction of rolting) of the product shall be

rmined in accordance with IEC 60404-9.

3.5 Edge camber

edge camber shall be determined in accordance with IEC 60404-9.

8.4.4.

The

8.4.4.2 Number of bends

The|
pos
cho

A bénd of 90° fromthe’initial position with return to the initial position counts as one bend.

The
Tab]

8.4.|: Technological characteristics
1

Stacking factor

stacking factor shall be measured incaccordance with IEC 60404-13.

test consists of bending thetest specimen through 90° alternately to each side of its in

5en shall be 5 mm.

test shall’be continued until the specified minimum number of bends given in Table 1
e 2 is neached without an occurrence of cracks in the base metal. Alternatively, the

sha
or s
fro

| be stopped on the appearance of the first crack in the base metal visible to the naked ¢
dden failure occurs by fracture. The test may be stopped by monitoring a cracking so
the test specimen or a sudden current change when a constant voltage is applied betw,

itial

tion, according to the/method of bending defined by ISO 7799. The radius of bending

and
test
bye,
und
een

the both ends of the test specimen. The occurrence of cracks shall be confirmed by naked eye
inspection.

The

NOT
8.4.

The

last bend shall not be counted.

E Further information on the procedure of the reverse bend test can be found in IEC TR 63114.
4.3 Deviation from the shearing line (Internal stress)

deviation from the shearing line shall be determined in accordance with IEC 60404-9.
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8.5 Retests

When a test does not give the specified result, this test shall be repeated on double the number
of test specimens from other sheets of the acceptance unit or on other strips from the coils. The
delivery shall be considered to conform with the order if all results of additional tests are in
accordance with the requirements of this document.

After re-treatment, the manufacturer has the right to present again for test the acceptance units
which had not been found to comply with the order.

9 |Marking, labelling and packaging

Marking, labelling and packaging of the products may be agreed between the manufacturerjand
the purchaser at the time of enquiry and order.

10 |Complaints

Intefnal or external defects shall justify a complaint only if they are'clearly prejudicial tofthe
method of working or the judicious use of the product.

The| purchaser shall give the manufacturer the opportunity of{convincing himself of the fairrness
of the claim by presenting the product in dispute and evidence for the complaint.

In a]l cases, the terms and conditions of complaints shall be made in accordance with 1ISO 404.

11 |Information to be supplied by the purchaser

Forlja product to comply adequately with the'requirements of this document, the purchaser ghall
inclpde the following information in his@nquiry or order:
a) fhe quantity;

b) the type of product (strip or-sheet);

c) the number of this document (IEC 60404-8-4);

d) the steel name (see'Clause 5);

e) the dimensions-of strips or sheets required (including any limitations on the internal [and
external diameters of a coil) (see 6.2 and 7.2.2);

f) BAny limitation on the mass of a coil or a bundle of sheets (see 6.2);
g) pny special requirements about the marking of welds or interleaves (see 6.2);

h) for,products supplied with insulation coating, any requirement about the insulation codting
and.its properties, the stacking factor and their verification (see 6.3);

i) any special requirement about the suitability for cutting or punching (see 6.5);

j) any special requirement about the value of maximum specific total loss measured using test
strips cut parallel to the direction of rolling only or test strips cut perpendicular to the
direction of rolling only (see 7.1.3);

k) any special requirement about the declaration of the measured value of anisotropy of loss
(see 7.1.4);

I) any special requirement about the thickness measurement and tolerance across the width
of narrow strip (see 7.2.1 and 8.4.3.1);

m) any special requirement about tolerances on the geometric characteristics of products
supplied with as-rolled edges (see 7.2.2);

n) any requirement about the residual curvature (see 7.2.5);
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o) the inspection procedure required including the nature of the related documents (see 8.1);

p) any special requirement about the specified values to be measured by the single sheet
tester (SST) method specified in IEC 60404-3 (see 8.4.2.1);

q) any requirement about marking, labelling and packaging of the products (see Clause 9).
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Annex A
(informative)

Non-specified magnetic properties
Table A.1 gives the non-specified magnetic properties.

Table A.1 — Non-specified magnetic properties

Stestname at1,0 T and 50 Hz
W/kg
M210-35A5 0,90
M230-35A5 0,95
M235-35A5 0,95
M250-35A5 1,00
M270-35A5 1,10
M300-35A5 1,20
M330-35A5 1,80
M360-35A5 1/45
M230-50A5 1,00
M250-50A5 1,05
M270-50A5 1,10
M290-50A5 1,15
M310-50A5 1,25
M330-50A5 1,35
M350-50A5 1,50
M400-50A5 1,70
M470-50A5 2,00
M530-50A5 2,30
M600-50A5 2,60
M700-50A5 3,00
M800-50A5 3,60
M940-50A5 4,20
M1000-50A5 4.40
M310-65A5 1,25
M330-65A5 1,35
M350-65A5 1,50
M400-65A5 1,70
M470-65A5 2,00
M530-65A5 2,30
M600-65A5 2,60
M700-65A5 3,00
M800-65A5 3,60
M1000-65A5 4,40
M600-100A5 2,60
M700-100A5 3,00
M800-100A5 3,60
M1000-100A5 4,40
M1300-100A5 5,80
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Annex B
(informative)

Calculated density of non-oriented electrical steel

A calculated density obtained by Formula (B.1), which is in accordance with ASTM A34/A34M,
can be used for the calculation of magnetic properties and the stacking factor by agreement
between the manufacturer and the purchaser at the time of enquiry and order (see 7.3.1):

p=[7,865-0,065><(c8i+1,7CA|)] (31)
where
P is the calculated density, expressed in kg/dm3;
Cs;j is the mass fraction of silicon content, expressed in percentage (%);

Chaj is the mass fraction of aluminium content, expressed in percentage (%).
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

MATERIAUX MAGNETIQUES -

Partie 8-4: Spécifications pour matériaux particuliers —
Bandes et tdles magnétiques en acier a grains non orientés,
Iaminées i froidetlivréesatetat fini

AVANT-PROPOS

a Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normatisation comp
e I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L'IEC-a pour obijg
bvoriser la coopération internationale pour toutes les questions de normalisation dans”les domaine
Electricité et de I'électronique. A cet effet, I'lEC — entre autres activités — publie des,Normes internation
es Spécifications techniques, des Rapports techniques, des Spécifications accessibles au public (PAS) e
uides (ci-aprés dénommeés "Publication(s) de I'lEC"). Leur élaboration est confiée @‘des comités d'études
avaux desquels tout Comité national intéressé par le sujet traité peutp participer. Les organisa
ternationales, gouvernementales et non gouvernementales, en liaison ave€ ¥IEC, participent également
avaux. L'IEC collabore étroitement avec ['Organisation Internationale de) Normalisation (ISO), selon
onditions fixées par accord entre les deux organisations.

les décisions ou accords officiels de I'lEC concernant les questions téechriques représentent, dans la mesu

ont représentés dans chaque comité d'études.

es Publications de I'lEC se présentent sous la forme de{ecommandations internationales et sont agr
omme telles par les Comités nationaux de I'lEC. Tous’ [es efforts raisonnables sont entrepris afin
EC s'assure de I'exactitude du contenu technique de ses.publications; I'lEC ne peut pas étre tenue respong
e I'éventuelle mauvaise utilisation ou interprétation qui ‘'en est faite par un quelconque utilisateur final.

O — W [— Q o= St NQ — ShQ

ans le but d'encourager I'uniformité internationalé/;les Comités nationaux de I'lEC s'engagent, dans tou
esure possible, a appliquer de fagon transparente les Publications de I'lEC dans leurs publications natior]
t régionales. Toutes divergences entre toutes Publications de I'lEC et toutes publications nationale
Bgionales correspondantes doivent étre indiguées en termes clairs dans ces derniéres.

S 0 o Q

IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépend
burnissent des services d'évaluation( de conformité et, dans certains secteurs, acceédent aux marque
onformité de I'lEC. L'IEC n'est responsable d'aucun des services effectués par les organismes de certific
dépendants.

= Q oh

ous les utilisateurs doivent §'agsurer qu'ils sont en possession de la derniére édition de cette publication.

ucune responsabilité netdoit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou mandatg
compris ses experts-particuliers et les membres de ses comités d'études et des Comités nationaux de |
our tout préjudice causé en cas de dommages corporels et matériels, ou de tout autre dommage de qug
ature que ce soit, directe ou indirecte, ou pour supporter les colts (y compris les frais de justice) et les dépe
écoulant de la.publication ou de I'utilisation de cette Publication de I'lEC ou de toute autre Publication de |
u au crédit gUi_lui est accordé.

‘attention'est attirée sur les références normatives citées dans cette publication. L'utilisation de publica
Eférencées est obligatoire pour une application correcte de la présente publication.

S 0O QO J0T < o -

—

‘attention est attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuvent faire I'
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e 'droits de brevet. L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droitls de

brevets.

L'IEC 60404-8-4 a été établie par le comité d'études 68 de I'lEC: Matériaux magnétiques tels
qu'alliages et aciers. Il s'agit d'une Norme internationale.

Cette quatriéme édition annule et remplace la troisieme édition parue en 2013. Cette édition
constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a) modification des termes et des exigences techniques concernant les caractéristiques

géométriques dans un souci de cohérence avec I'lEC 60404-9:2018;

b) insertion du Tableau 3 — Tolérances sur I'épaisseur nominale;
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c) modification de la longueur de I'éprouvette pour la détermination des caractéristiques
géométrigues de 2 ma 1 m.

Le texte de cette Norme internationale est issu des documents suivants:

Projet Rapport de vote
68/700/CDV 68/713/RVC

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant
abouti a son approbation.

Lal

Ce
Dire
ww
I"E(¢

Undg
mad

Le d
indi
rech

angue employée pour I'élaboration de cette Norme internationale est I'anglais.

Hocument a été rédigé selon les Directives ISO/IEC, Partie 2, il a été déveldppé selon
ctives ISO/IEC, Partie 1 et les Directives ISO/IEC, Supplément IEC, disponibles §
v.iec.ch/members_experts/refdocs. Les principaux types de documents. développés
U sont décrits plus en détail sous www.iec.ch/publications.

liste de toutes les parties de la série IEC 60404, publiées sous|letitre général Matér
nétiques, se trouve sur le site web de I'lEC.

omité a décidé que le contenu de ce document ne sera pas.modifié avant la date de stah
erché. A cette date, le document sera
reconduit,

supprime,

remplacé par une édition révisée, ou

hmendé.

es
ous
par

aux

ilité

uée sur le site web de I'lEC sous webstore.iec.ch dans\es données relatives au document


https://www.iec.ch/members_experts/refdocs
https://www.iec.ch/publications
https://webstore.iec.ch/?ref=menu
https://iecnorm.com/api/?name=c357a7a30ba7116276169d353b2a2e57

- 32 - IEC 60404-8-4:2022 © |EC 2022

INTRODUCTION

La présente révision de la Norme internationale IEC 60404-8-4 a été établie par les experts du
groupe de travail 1 du comité d'études 68 de I'lEC: Matériaux magnétiques tels qu'alliages et
aciers.

La troisieme édition de I'lEC 60404-8-4 a été publiée en 2013. Aprés cela, d'autres normes
IEC 60404 ont été révisées et le CE 68 de I'lEC a décidé en 2019, lors de sa réunion a
Disseldorf, de réviser le présent document afin de maintenir la cohérence pour la commodité
de l'utilisateur. La révision concerne principalement les amendements techniques relatifs aux

de 2 m a 1 m. Le terme "planéité" est divisé en "onde de surface (facteur d'ondufation
"codrrbure résiduelle" et la méthode horizontale est introduite pour vérification defla courbure
résiduelle. La présente révision comprend également des corrections afin~d'amélioref la
cohgrence avec les autres normes de la série IEC 60404-8.
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MATERIAUX MAGNETIQUES -

Partie 8-4: Spécifications pour matériaux particuliers —
Bandes et tdles magnétiques en acier a grains non orientés,
laminées a froid et livrées a I'état fini

1 [PDomaimed'apptication

La présente partie de I'lEC 60404 définit les qualités des bandes et tdles magnétiques-en gcier
a grlains non orientés, laminées a froid, d'épaisseurs nominales 0,35 mm, 0,47 mm, 0,50 mm,
0,6% mm et 1,00 mm. Elle définit notamment les exigences générales, les caractéristiﬁzes
magnétiques, les caractéristiques géométriques, les tolérances et les. caractéristiques
technologiques, ainsi que les procédures de controle applicables. L'épaisseur nominale
0,47 mm s'applique aux qualités pour utilisation a 60 Hz seulement.

Le présent document s'applique aux bandes et tdles magnétiques en\acier a grains non orientés,
lam[nées a froid, livrées a I'état fini, c'est-a-dire a I'état de recuitfinal, en bobines ou en tples
et destinées a la construction de circuits magnétiques. Le présent document ne s'applique |pas
aux|matériaux livrés a I'état semi-fini.

NOTE Les bandes et tdles magnétiques en acier a grains non oriertés, laminées a froid et livrées a I'état senfi-fini
sont|spécifiées dans I'lEC 60404-8-3.

Les|qualités définies dans le présent document carrespondent a la Classe C21 de I'lEC 60404-1.
2 |[Références normatives

Les|documents suivants sont cités dans le texte de sorte qu'ils constituent, pour tout ou partie
de |eur contenu, des exigences.du présent document. Pour les références datées, sé¢ule
I'édition citée s'applique. Pour lés références non datées, la derniére édition du documen} de
référence s'applique (y compris’les éventuels amendements).

IEC|60050-121, Vocahulaire Electrotechnique International — Partie 121: Electromagnétisnje

IEC|60050-221, Vecabulaire Electrotechnique International — Chapitre 221: Matériaux et
conmposants maghetiques

IEC|60404-1, Matériaux magnétiques — Partie 1: Classification

IEC|60404-2, Matériaux magnétiques — Partie 2: Méthodes de mesure des propri¢tés
magnétiques des bandes et tbles magnétiques en acier au moyen d'un cadre Epstein

IEC 60404-3, Matériaux magnétiques — Partie 3: Méthodes de mesure des caractéristiques
magnétiques des bandes et tdles magnétiques en acier a l'aide de I'essai sur tble unique

IEC 60404-9, Matériaux magnétiques — Partie 9: Méthodes de détermination des
caractéristiques géomeétriques des bandes et téles magnétiques en acier

IEC 60404-13, Matériaux magnétiques — Partie 13: Méthodes de mesure de la résistivité, de la
masse volumique et du facteur de foisonnement des bandes et tbles en acier électrique

ISO 404, Aciers et produits sidérurgiques — Conditions générales techniques de livraison
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ISO 7799, Matériaux métalliques — Téles et feuillards d'épaisseur inférieure ou égale a 3 mm —
Essai de pliage alterné

ISO

3

10474, Aciers et produits sidérurgiques — Documents de contréle

Termes et définitions

Pour les besoins du présent document, les termes et définitions de I'lEC 60050-121 et de
I'lEC 60050-221 ainsi que les suivants s'appliquent.

L'lIS
en 1
[ ]

[ ]
3.1
ond
fact

vari
nive

Note
I'ond

[SO

3.2

courrbure résiduelle

vari

pernanente dans la direction de laminage du produit

[SO

3.3
rect
dist
lign

[SO

3.4

O et I'lEC tiennent a jour des bases de données terminologiques destinées a étre utilis
ormalisation, consultables aux adresses suivantes:

EC Electropedia: disponible a I'adresse http://www.electropedia.org/

SO Online browsing platform: disponible a I'adresse http://www.iso.org/obp

e de surface

eur d'ondulation
htions de planéité d'une longueur de bande ou d'une téle quigprend une forme d'ondes
au du bord refendu du produit

1 a l'article: L'onde de surface se caractérise par le facteur d'ondulation qui est le rapport entre la haute
e et sa longueur, exprimé en pourcentage.

URCE: IEC 60404-9:2018, 3.1]

ations de planéité d'une longueur de bande ou d'une tbéle qui prend une courk

b qui joint les deux)extrémités de la longueur mesurée de ce bord

URCE: IEC,60404-9:2018, 3.3]

ten

écaJt par‘rapport a la ligne de cisaillage

ion“interne

ées

au

ir de

ure

URCE: IEC 60404-9:2018, 3.2]
itude
ance la plus grande.entre un bord longitudinal d'une longueur de bande ou d'une téle ¢t la

distance la plus grande entre des points correspondants de deux bords cisaillés d'une longueur
de bande ou d'une tble cisaillée au milieu de la largeur, parallélement a la direction de laminage
du produit, qui caractérise la contrainte interne des matériaux

[SO

URCE: IEC 60404-9:2018, 3.4]
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nombre de pliages
nombre de pliages alternés dans I'essai de pliage alterné avant l'apparition de la premiére
fissure visible a I'ceil nu dans le métal de base de I'éprouvette ou avant qu'une défaillance
soudaine se produise par fracture

[SO

4

URCE: IEC TR 63114:2018, 3.2]

Classification

Les

perfes totales spécifiques maximales et selon |'épaisseur nominale du produit!. Les)prod
aisseurs nominales 0,35 mm, 0,50 mm, 0,65 mm et 1,00 mm sont classés selonyles vaITurs

d'éq
spé
kilo
sou

La ¢

b)

d)
e)

EXE
des
épai

6

6.1

qualités couvertes par le présent document sont classées selon la valeur spécifiée

cifiées soumises a I'essai pour une polarisation magnétique de 1,5 T et 50 HZ,)en watts
jramme. Le produit d'épaisseur nominale 0,47 mm est classé d'aprés lacvaleur spéc
Mmise a I'essai pour une polarisation magnétique de 1,5 T et 60 Hz, en watts par kilogram

Désignation

ésignation de l'acier comprend dans |'ordre:

ine lettre "M" pour I'acier magnétique;
e centuple de la valeur spécifiée des pertes totales spécifiques maximales pour
polarisation magnétique de 1,5T et 50 Hz, en avatts par kilogramme, pour les prod

magnétique de 1,5 T et 60 Hz, en watts par kilogramme, pour les produits d'épaiss
nominale 0,47 mm;

e centuple de I'épaisseur nominale du,produit, en millimétres;

a lettre caractéristique "A" pour lesqualités des bandes et tdles magnétiques en aci
jrains non orientés, laminées a froid, livrées a I'état fini;

e dixieme de la fréquencexa)laquelle les pertes totales spécifiqgues maximales
Epécifiées, c'est-a-dire 5 ou 6.

MPLE M250-35A5 pour une bande ou téle magnétique en acier a grains non orientés, laminée a froid,
bertes totales spécifiques maximales de 2,50 W/kg pour une polarisation magnétique de 1,5 T et 50 Hz e
seur nominale de 0,35.mm, et livrée a I'état fini.

Exigences générales

Procédé d'élaboration

fab

Le :rrocédé d'élaboration de l'acier et sa composition chimique sont laissés a la discrétion
i

icant.

des
uits

par
fiee
me.

une
uits

H'épaisseurs nominales 0,35 mm, 0,50 mm, 0,65 mm et 1,00 mm ou pour une polarisation

eur

Br a

sont

gavec
une

du

6.2

Mode de livraison

Le produit est livré en bobines pour les bandes et en paquets pour les toles.

La masse des bobines ou des paquets pour les téles doit étre fixée par accord entre le fabricant
et I'acheteur au moment de la consultation et de la commande.

La valeur recommandée pour le diamétre intérieur des bobines est d'environ 508 mm ou
d'environ 610 mm.

1 Dans le reste du document, le mot "produit" est utilisé pour désigner les "bandes et téles".
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La bande doit étre de largeur constante et enroulée de sorte que les bords se superposent de
maniére réguliere et que les faces latérales de la bobine soient sensiblement planes.

Les bobines doivent étre suffisamment serrées a I'enroulement pour qu'elles ne s'affaissent pas
sous leur propre poids.

Les bandes peuvent présenter des soudures ou des discontinuités qui résultent de I'élimination
de zones défectueuses en cas d'accord entre le fabricant et I'acheteur au moment de la
consultation et de la commande. Si nécessaire, le marquage des soudures ou des
discontinuités peut faire I'objet d'un accord entre le fabricant et I'acheteur au moment de la

Li i - | 1 pu |
congptrratomerae a commanae:

Pour les bobines qui présentent des soudures ou des discontinuités, chaque partie{de”bande
doit|étre de méme qualité.

Les|rives des parties soudées l'une a l'autre ne doivent pas étre décalées |'uné par rappqrt a
I'autre dans une proportion telle que le traitement ultérieur du produit en soit’compromis.

Les|téles qui constituent chaque paquet doivent étre empilées deytelle sorte que les fdces
latéfales du paquet soient sensiblement planes et approximativement’perpendiculaires a la face
supgrieure.

6.3 Etat de livraison

Les|produits sont généralement livrés soit sans revétemeént isolant, soit avec revétement isofant
sur lJune face ou les deux faces. Si le produit estdivré avec revétement isolant, la nature du
revétement, ses propriétés, le facteur de foisonnement et leur vérification font I'objet d'un
accprd entre le fabricant et I'acheteur au momeéntrde la consultation et de la commande.

NOTE De plus amples informations sur la classification des revétements isolants de surface peuvent étre obtepues
dang I'lEC 60404-1-1.

6.4 Etat de surface

Les|surfaces doivent étre lisses-et propres, exemptes de graisses et de rouille2. Des défauts
disgersés tels que stries, soufflures, fissures, etc. ne sont admis que s'ils se situent dang| les
limifes de tolérance sur I'épaisseur et s'ils ne sont pas préjudiciables a I'utilisation correctg du
produit fourni.

Poufr les produits livrés avec revétement isolant, le revétement doit étre suffisamment adhéfent
pouf ne pas sexdétacher lors des opérations de fabrication. Lors de I'essai de pliage altgrné
(voir 8.4.4.2)){te revétement ne doit pas se détacher aprés un pliage a 90°. En cagl de
décpllementdu revétement lors de I'essai, I'échantillon du produit a partir duquel I'éprouvette a
été prélevée doit étre soumis a un essai de cisaillage. En cisaillant I'échantillon avec des optils
bien
Cep

6.5 Aptitude au découpage

Le produit doit pouvoir étre coupé ou poingonné sans entrainer une usure prématurée des outils.
Le produit doit étre adapté au découpage ou au poingonnage précis suivant les formes
habituelles en tout point lorsque des outils et des technologies de découpage ou de
poinconnage appropriés sont utilisés.

2 Il convient de ne pas confondre cela avec une coloration du revétement isolant inhérente au processus de
fabrication.
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Une exigence particuliére concernant |'aptitude au découpage ou au poingonnage du pro
peut faire I'objet d'un accord entre le fabricant et I'acheteur au moment de la consultation e
la commande.

7 Exigences techniques

71 Caractéristiques magnétiques

711 Généralités

duit
t de

Les[ caractéristiques deéfinies du 7.1.2 au 7.T.4 doivent s'appliquer aux produits dans
conflitions de livraison définies en 6.3.

Pour les produits livrés avec revétement isolant, la masse du revétement doit/€tte prisq
conlpte pour déterminer les caractéristiques magnétiques.

712 Polarisation magnétique

Les|valeurs spécifiées pour la polarisation magnétique minimale, expktimée en valeur de cr
dang le cas d'intensités de champ magnétique en courant alternatif #"de 2 500 A/m, 5 000
et 10 000 A/m, exprimées en valeur de créte, doivent correspondre a celles données dan
Tabjeau 1 a 50 Hz ou dans le Tableau 2 a 60 Hz.

les

en

Ete,
A/m
s le
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