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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MAGNETIC MATERIALS -

Part 8-7: Specifications for individual materials —
Cold-rolled grain-oriented electrical steel strip

017

and sheet delivered In the Tully-processed state

FOREWORD .
\

he International Electrotechnical Commission (IEC) is a worldwide organizatior for'standardization compr|
Il national electrotechnical committees (IEC National Committees). The \object™of .IEC is_to pro
imternational co-operation on all questions concerning standardization in the-electrical a’nq electronic field
this end and in addition to other activities, IEC publishes Internationak Standards, Ckéchnical ‘Specificat
echnical Reports, Publicly Available Specifications (PAS) and /Guides (hereaften referred to as
ublication(s)”). Their preparation is entrusted to technical committees; any \ECiNational\Committee intere
in the subject dealt with may participate in this preparatory work._Interpatiofiak. governmental and
overnmental organizations liaising with the IEC also participate in“this preparation. [EC collaborates clq
ith the International Organization for Standardization (ISO) ipn-accordanee_with \conditions determine
greement between the two organizations. \

he formal decisions or agreements of IEC or_technical\matters expre’é\é, as nearly as possible, an internat
onsensus of opinion on the relevant subjects since each technical gommittee has representation froj
terested IEC National Committees.

=5 O

IEC Publications have the form of recommendations. for_international-use and are accepted by IEC Nat
Gommittees in that sense. While all reasonable efforts a?ve\ made to ensure that the technical content of
Hublications is accurate, IEC cannot be held resppns\lhle for the way in which they are used or for
misinterpretation by any end user. Q

Ip order to promote internationahupiformity, G ‘National Committees undertake to apply IEC Publica
tfansparently to the maximum_extent possiblefNin their national and regional publications. Any diverg
hetween any IEC Publication and\the corresgonding national or regional publication shall be clearly indicat
the latter. )

FC itself does fot ppovide any attestfs\tion of copformity. Independent certification bodies provide confo
Isessment services and, Nin some.areas, access to |IEC marks of conformity. IEC is not responsible for
rvices carried out by independent-certificatioh bodies.

Il users should ensure that the}/ have the fatest edition of this publication.

embers ofjts technical \ommittees 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)
xpenges arising gut-of the publication, use of, or reliance upon, this IEC Publication or any other
ublicatiens. NS

ttention is drawn to the Normative references cited in this publication. Use of the referenced publicatio
dispensabte‘forthe cotrect application of this publication.

= 0 0 5 Z T

ttention-ts drawn to the possibility that some of the elements of this IEC Publication may be the subje
atent rights. IEC shall not be held responsible for identifying any or all such patent rights.
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This redline version of the official IEC Standard allows the user to identify the changes
made to the previous edition. A vertical bar appears in the margin wherever a change
has been made. Additions are in green text, deletions are in strikethrough red text.
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International Standard IEC 60404-8-7 has been prepared by IEC technical committee 68:
Magnetic alloys and steels.

This fourth edition cancels and replaces the third edition published in 2008. This edition
constitutes a technical revision.

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

— extension of the range of electrical steels to include the improved grades.

The
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text of this International Standard is based on the following documents;

CbhV Report on voting
68/545/CDV 68/561/RVC

O

information on the voting for the approval of this Internatignal
report on voting indicated in the above table.
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urs h|ch are considered to be useful for the correct understanding
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MAGNETIC MATERIALS -

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

1 Seope
Thig part of IEC 60404 defines the grades of cold-rolled grain-oriented (elect strip
and|sheet in nominal thicknesses of 0,23 mm, 0,27 mm, 0,30 mm and 0 lar,
it gives general requirements, magnetic properties, geometric chara and
technological characteristics, as well as inspection procedures.
Thig document applies to Goss textured grain-oriented electrjcaksteel lied
in the final annealed condition in coils or sheets, and  intepnged of
magnetic circuits.
The| grades are grouped into two classes:
— fonventional grades;
— high permeability grades, including delivered in the domain refined
condition.
Thely correspond to Class
2 [Normative refere
Thel following d@e { he text in such a way that some or all of their
confent constitute document. For dated references, only the ediftion
citefl applies. For u e latest edition of the referenced document (inclugling
any|amendments)
IEC|60050-121, Intexpational Electrotechnical Vocabulary — Part 121: Electromagnetism
(availabl a
IEC|60050-22P\{nternational Electrotechnical Vocabulary — Chapter 221: Magnetic matefials
and|companents (aveflable at http://www.electropedia.org/)
IEC|60404-1, Magnetic materials — Part 1: Classification
! ! : ,. ! . .

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

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

IEC

60404-3:1992/AMD1:2002

IEC 60404-9, Magnetic materials — Part 9: Methods of determination of the geometrical
characteristics of magnetic steel sheet and strip
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IEC 60404-13, Magnetic materials — Part 13: Methods of measurement of density, resistivity
and stacking factor of electrical steel 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[T0474, Steel and steel products — Inspection documents

3 |Terms and definitions

For

ISO
addfresses:

e |SO Online browsing platform: avail

3.1
edge camber
greatest distance between a longitudinal
join|ng the two extremities

Note| 1 to entry: See IEC 6QR404-

which ic charactarizad hv th
wHeHRHHSehRaracteHzZzec—-o

o
=
9
®
+h
P
o
b
)
D

ing

line

¢

L= T y et

3.2
ed
waye facto
variptions of_flata
the product

§f a length of strip or a sheet taking a form of waves at the slit edg

Notel 14 entry: The edge wave is characterized by the wave factor which is the relation of the height of the

<

[4%

of

vave

to itd length, expressed as a percentage

3.3

number of bends

number of alternate bends possible before the appearance of the first crack in the base m
visible to the naked eye

Note 1 to entry: The number of bends constitutes an indication of the ductility of the-material product.

3.4
internal stresses
stresses which are characterized by a deviation in relation to the line of cutting

etal
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Classification

017

The grades covered by this document are classified according to the value of maximum
specific total loss in watts per kilogram and according to the nominal thickness of the-material
product? (0,23 mm, 0,27 mm, 0,30 mm and 0,35 mm).

5

The

Designation

steel name comprises the following in the order given:

1)
2)

3)
4)

6.1

The
the

6.2

The
she

The
pur

The

the letter M for electrical steel;

pne hundred times the specified value of maximum specific total loss
n watts per kilogram-and-corresponding-to-the-nominal-preduct-thickne

pne hundred times the nominal thickness of the-material produc
the characteristic letter

- S for conventional grades;

- P for high permeability grades;

pne tenth of the frequency 50 Hz, i.e. 5.

production praces
manufacture@

ied in coils in the case of strip and in bundles in the cas

ndles of sheets shall be agreed between the manufacturer
g enquiry and order.

recommended value for the internal diameter of coils is approximately 508 mm.

Stri

b shall be of constant width and wound in such a manner that the nr’lgne are ellpnrimp

Hz,

th a
the

n of

e of

and

sed

ina

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 purchaser at the time of enquiry and order. If necessary, the
marking of welds or interleaves may be agreed between the manufacturer and purchaser at

the

time of enquiry and order.

1 In the rest of the document, the word "material product” is used to mean "strip and sheet".
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For coils containing repair 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-material product. ‘

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

6.3 Delivery condition

Cold-rolled grain-oriented electrical steel-materialis products are usually_supplied with an

insylating coating on both sides. This coating generally consists of an E an
EC-2 coating in accordance with IEC 60404-1-12,

6.4| Surface condition

Thel| surfaces shall be smooth and clean, free from grease and i efects quch
as gcratches, blisters, cracks, etc. are permitted if they arg wi ces
on thickness and if they are not detrimental to the S c pplied—matgrial
prodluct.

Thel| insulation coating present on the surface > ntly
adhErent so that it does not becom Fi pérations or heat treatment
under conditions specified by the suppler.

and
the

NOTE If the product is to be immersed [n a fluid, 3
pur¢haser, initiated by the purchaser, §

fluig and the coating.

6.5| Suitability for ¢

Thelmaterial prt@
whgn appropriate

7 |Technicse

utfing accurately into the usual shapes at any point

711 Ma
714

The| properties definéd in 7.1.2 and 7.1.3 shall apply to-materials products in the deliyery ‘
conflitiorr defined in 6.3 and to the aged condition defined in 8.3.1.

The itions

specified by the manufacturer.

The single sheet test specimens shall not be heat treated.

7.1.2 Magnetic polarization

The specified minimum values of peak magnetic polarization at the peak magnetic field
strength of 800 A/m at 50 Hz or 60 Hz shall be as given in Table 1 and Table 2.

2 Other types of coating exist which are used only when particularly specified.

3 Not to be confused with some coloration of the insulating coating inherent to the manufacturing process.
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7.1.3 Specific total loss

The specified values of maximum specific total loss at 50 Hz or 60 Hz shall be as given in
Table 1 and Table 2.

Table 1 — Technological and magnetic properties of the conventional
grades of grain-oriented-material electrical steel strip and sheet

Steel name Nominal Maximum specific total | Maximum specific total Minimum Minimum
thickness lossat1,5T lossat1,7 T magnetic stacking
polarization for factor
'v'v'/i\g 'v‘v'/i\g H="800-AMT=2
mm 50 Hz 60 Hz 50 Hz 60 Hz /T\
M1[10-23S5 0,73 0,96 1,10 1,45 1,78
0,23 0,94p
M1[20-23S5 0,77 1,01 1,20 1,57 \ 1@
Mmif10-27s5 0,77 1,02 1,10 1,48 1,80 \)
M1[20-27S5 0,27 0,80 1,07 1,20 1458 x 1, 0,950
M1[30-27S5 0,85 1,12 1,30 78
M1l0-30S5 0,83 1,13 1,20 SN \}o
M1[30-30S5 0,30 0,85 1,15 1, 71 1,78 0,95p
M1j40-30S5 0,92 1,21 f\ 0 f /\1,8 1,78
M135-35S5 0,97 A\ 135 U,? 1,80
M1|45-35S5 0,35 1,03 1,45 1, 1,78 0,96p
M1[55-35S5 1,07 55 2,04 1,78

2 |t has been common practlce for many yeais to
s used to determine magne olari n (i tr|

magnetic flux density. In fact the Epstein frame
ity which is defined as

J = B — 1H
where

/'  is the magn
B is the magn

Lo

NOFE The d.fféh\b\we n Band

t 800 A/m is equal to 0,001 T.
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Table 2 — Technological and magnetic properties of the high permeability

grades of grain-oriented-material electrical steel strip and sheet

Steel name Nominal Maximum specific total loss Minimum Minimum
thickness at1,7T magnetic stacking
polarization for factor
W/kg H =800 A/m @
mm 50 Hz
M80-23P5 P 0,80
M85-23P5 P 0,85
M90-23P5 * 0,23 0,90 0,945
M95-23P5 0,95
M100-23P5 1,00
M90-27P5 P 0,90
M95-27P5 P 0,95
0,27 ,950
M100-27P5 1,00
M110-27P5 1,10
M100-30P5 1,00
M105-30P5 1,05
M110-30P5 0,30 1,10 0,955
M115-30P5 145 \
M120-30P5 ,20 1,85
M115-35P5 ; 1,88
M125-35P5 0,35 1,2 1,88 0,960
M135-35P5 35 . 1,88
@ |t has been common pr# WS of magnetic flux density. In fact the Epstein frame
s used to determine ma insic ensity) which is defined as
and J at 800 A/m is equal to 0,001 T.
be delivered in the domain refined condition. Domain refined products shall be distinct ffom
hon-refined_products/ see Clause 11 |). The magnetic properties of some domain refined-material prodjicts
may detériorate when the-material product is subjected to heat treatment.

7.2 Geometric characteristics and tolerances

7.2.1 Thickness

The nominal thicknesses of the—material product are 0,23 mm, 0,27 mm, 0,30 mm and

0,35 mm.

For thickness tolerance, a distinction is made between

— the allowable tolerance on the nominal thickness within the same acceptance unit;

— the difference in thickness in a sheet or in a length of strip in a direction parallel to the
direction of rolling;
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— the difference in thickness in a direction perpendicular to the direction of rolling. This

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

At any point, the allowable-telerance-on deviation from the nominal thickness within the same
acceptance unit shall not exceed + 0,030 mm except for the 0,23 mm thickness for which this
tolerance shall not exceed * 0,025 mm. The additional thickness due to welds with respect to
the measured thickness of the steel-sheet-erstrip product shall not exceed 0,050 mm.

The difference in thickness in a sheet or in a length of strip of 2 m in a direction parallel to the

direction of rolling shall not exceed 0,030 mm.

In azlddition, for-material products with a width greater than 150 mm, the difference in thickn
in direction perpendicular to the direction of rolling shall not excéed™>Q,020-nm,
megsurements being made at least 40 mm from the edges (see 8.4.3 arrow st

other agreements may be needed.

7.22  Width

Thelcommonly available nominal widths are less than or egual to

Thef-material product can be supplied either in a wid e specific

marnufacturer or in the finally used width.

Forjwidth-tolerances

~—Fpr—material products supplied in_-=a y S rom the specific range of

manufacturer, the permitted tolerances

—F@r-material products s i i ¥ ad width, the tolerances of T
appy.

ces on nominal width

range of

No mW Tolerance 2
mm
\ \12 0
< AN } -0,2
\ \/ 0
150 < /<400
-0,3
0
400 < /<750
-0,5
U
750<7<1000°
-0,6

NOTE

By agreement between the manufacturer and the purchaser at the time of
enquiry and order, the tolerances on the nominal width can be all positive
tolerances.

Nominal widths greater than 1 000 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.

ess
the

ips,

the

the

hall
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7.2.3 Length

The tolerance on the length of sheets in relation to the length ordered shall be +g'5 %, but with
a maximum of 6 mm.
7.2.4 Edge camber

The verification of edge camber does not apply to-material products of width less than or
equal to 150 mm. The edge camber shall not exceed 0,9 mm for a measuring length of 2 m.

7.2.|5 Flathess Edge wave (wave factor)

Thel verification of the-flathess edge wave does not apply to-material p ess
thanp or equal to 150 mm. The wave factor (see 8.4.3.4), expressed a not
exceed 1,5 %.

7.2.6 Residual curvature

A re¢quirement concerning residual curvature may be specifi the
manufacturer and the purchaser when ordering R 3 yidth greater than
150|mm.

In this case the distance between the bg¢ late
sha|l not exceed 35 mm for sheets an€| sh

7.2 Burr height

The| determination of the by i = waterial slit coils delivered in the width in
whig¢h-it they will finally bé d. ight shall not exceed 0,025 mm.

7.3| Technological

7.3/ Densit

The| density of Rat S dNgrain-oriented electrical steel is not specified.

The] conventi® iy used to calculate the magnetic properties and the stacking
factpr sha

7.32

Thel minimum)values.ghall be as specified in Table 1 and Table 2.

7.3 Number of bends

The specified minimum number of bends is 1. This value applies to test specimens cut parallel
to the direction of rolling.

7.3.4 Internal stresses

The-material products shall be, as far as possible, free from internal stresses.

The verification of internal stress is not applicable to-material a product of width less than
500 mm (slit-materiat coil). The measured gap shall not exceed 1 mm (see 8.3.3.3).
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7.3.5 Insulation coating resistance

The insulation coating resistance expressed in Q'mm?2 represents the electrical resistance
offered to the passage of current through the coating.

The measured insulation coating resistance before or after the possible application of a stress

re“ f hcat tlcatlllcllt aha“ bc IIUt :CDD thdll SGG .Q-Illlllo II c;dc UII:UDD UthUIVV;DG ayl ed
between the manufacturer and the purchaser at the time of enquiry and order. The-stfess
religf heat treatment, when applied, shall be carried out under conditi the
marnufacturer.

8 [Inspection and testing

8.1| General

Thel-materials products defined by this document ca e vith~of without specgific
insgection in accordance with ISO 404. However, as/a di i ISO 404, in the dase
of 1n order without inspection, the manufacturer , cate giving the spetific
total loss of the supplied-material prod

In fhe case of an order with specifig i ¢ of inspection document in
accprdance with ISO 10474 shall be gp y is
divi

Eac ade
and cial
agreéement between the

For

Exc 5es,
suit 5.
When thé p 3 i rent
unit »

8.2

Tes} samples shall be taken from each acceptance unit.

The first internal turn and last external turn of a coil shall be considered as wrapping and not
as representative of the quality of the rest of the coil. The selection shall be made from the
first internal or external 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
check the various properties.
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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
frame, the test specimen shall consist of a minimum of 24 Epstein test strips having the
following dimensions:

— length 280 mm to 320 mm, the lengths being equal within a tolerance of £ 0,5 mm;

—  width 30 mm £ 0,2 mm.

As far as possible, the selection of test sirips shall be made uniformly across the width of| the
matprial product. The test strips shall be carefully cut without deformation. Cuttind or |
punching shall be carried out only with well sharpened tools.

Befpre the measurements, the test strips shall be subjected to a strg
accprdance with the manufacturer's specification.

In the case where the measurement of magnetic polarizatje be
made using the single sheet-method tester specified in fE the
test| specimen for the single sheet tester shall consgi ving
dimensions:
— |ength from 500 mm to-530 610 mm,

NOTE The value of 500 mm is reco
All fhe test specimens sh a|le iréction of rolling. The permitted tolerance

for fhe angle between

In tTe case of de Ciffe 0ss on aged test pieces, these shall be aged by
heafing at (225 + 5)°K ati

8.3.

For hall
consi

For iple
(500 +2(’)5) mm in fength and of width equal to the delivery width of the-sheet-er-strip product.

8.3.8 " Technological characteristics
8.3.3.1 Stacking factor

The test specimen shall consist of at least 24 strips of the same size; in case of dispute, the
test shall be made with 100 strips. They shall have a width of at least 20 mm and a surface
area of at least 5 000 mm?2,-theirwidths being-egqual-withinatolerance of + 0.1 mm-as-wellas
theirlengths the tolerance on the width and length of strips being respectively equal to + 0,2
mm and £+ 0,5 mm. The test strips shall be carefully deburred before the test.

8.3.3.2 Number of bends

Five test specimens at least 20 mm wide shall be taken from outside the welding zones,
parallel to the direction of rolling, with a view to making the bend perpendicular to the
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direction of rolling. The edge of the-material product shall not constitute one side of the test

specimen.
The test specimens shall be carefully cut without deformation.
8.3.3.3 Internal stresses
The test specimen shall consist of a sheet or 1 m length of strip.
8.3.3.4 Insulation coating resistance
Forisheet-or-strip products with a width equal to or greater than 600 mm, four strips shal| be
selgcted over the whole width of the-material product. The width of each gtrip depends-on|the
method to be used, e.g. 50 mm for the test method in accordance with
Forisheet-or-strip products less than 600 mm wide, the selection ingulation
coafling resistance shall be subject to agreement when ordering
Befpre the measurements, depending on the agreement see may
neefd to be heat-treated in accordance with the specific
8.4| Test methods
8.4/ General
For per acceptance unit. Unless
otherwise specified, the tests shall be ature of (23 £ 5) °C.
can
b the
.| The
404-
t test
sha ing to
the
8.4.
8.4.3.1 Thickness
Th measurement nf +h|r~|1nneo ehgll hn m';\rln at Qh\ll pnunl- Inhgh:xri more I-h';\n An mm frnm the

edges. For-materials products of a width less than 80 mm, the measurement of thickness shall
be made along the longitudinal axis of the sheet or strip. This measurement shall be made
using a micrometer with an accuracy of 0,001 mm.

8.4.3.2 Width

The width shall be measured perpendicular to the longitudinal axis of the-sheet-orstrip
product.

8.4.3.3 Edge camber

The

edge camber shall be determined in accordance with IEC 60404-9.
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3.4 Flathess Edge wave (wave factor)

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

3.5 Residual curvature

The residual curvature in the longitudinal direction of the strip shall be determined in
accordance with IEC 60404-9.

8.4.

3.6 Burr height

The

8.4.4.

The

8.4.4.2 Number of bends

The
initi
cho

Ab

The
nak

8.44.3 Internal stres

The

8.44.4

The
with

8.5

When a test<doe

nunm
coil
are

8.4.|: Technological characteristics
1

burr height shall be determined in accordance with IEC 60404-9.

Stacking factor

stacking factor shall be measured in accordance with IEC ¢

test shall be stopped on the appearanceNn
bd eye. The last bend sha cun

its
ling

the

test can be carrie . ifferent methods, among which is the method in accordance

IEC 604 g 5,of the product.

give the specified result, this test shall be repeated on double
ber of {est specimens from other sheets of the acceptance unit or on other strips from
5. The delivery shall be considered to conform to the order if all results of additional t
indaccordance with the requirements of this document.

the
the
bsts

After re-treatment, the manufacturer has the right to present again for test 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 manufacturer

and

the purchaser at the time of ordering.
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Complaints

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

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

com

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

plaint.

11

Fortmaterial a product to comply adequately with the requiremer

purq

Information to be supplied by the purchaser

haser shall include the following information in his enquiry and o

he quantity;

he type of product (strip or sheet);
he number of this standard (IEC 60404-8-7);
he steel name or number (see Clause 5);

he dimensions of strips or sheets\require

he inspectio<i>
ANy special re :

whether or ng

the

rnal

the

any
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MAGNETIC MATERIALS -

Part 8-7: Specifications for individual materials —
Cold-rolled grain-oriented electrical steel strip

017

and sheet delivered in the Tully-processed state

FOREWORD

international co-operation on all questions concerning standardization in ,. elestric To

this end and in addition to other activities, IEC publishes Internationak Standa ons,
echnical Reports, Publicly Available Specifications (PAS) and i IEC
ublication(s)”). Their preparation is entrusted to technical committges; an sted

im the subject dealt with may participate in this preparatory work & e non-
overnmental organizations liaising with the IEC also participdte i iS™¥ ian. collaborates clgsely
ith the International Organization for Standardization (I i i onditions determinef by
greement between the two organizations.

2) The formal decisions or agreements of IEC or onal
donsensus of opinion on the relevant suljec h all
interested IEC National Committees

3) IEC Publications have the form of recommenda onal
Gommittees in that sense. While all reasonable efforts IEC
Hublications is accurate, IEC cannot be any
misinterpretation by any end

4) Ip order to promote intern ions
tfansparently to the m ence
hetween any IEC Publicatis bd in
the latter.

5) IEC itself does vie any mity
gssessment serviceg a \ any

6)

7) C or\s directors, employees, servants or agents including individual experts| and
e or
and
IEC

8) NS is

9) jecct of

Inte i 404~ 5 By 68:

Magnetic alloys and steels.

This fourth edition cancels and replaces the third edition published in 2008. This edition
constitutes a technical revision.

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

extension of the range of electrical steels to include the improved grades.
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text of this International Standard is based on the following documents:

CDV Report on voting
68/545/CDV 68/561/RVC

Full information on the voting for the approval of this International Standard can be found in

the

report on voting indicated in the above table.

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

A li
matf

The
stal
the

A bilingual version of this publication

5t of all the parts in the IEC 60404 series, published under the general title Magn
erials, can be found on the IEC website.

committee has decided that the contents of this document will r
ility date indicated on the IEC website under "http://webstore.ie
specific document. At this date, the document will be
reconfirmed,

ithdrawn,

replaced by a revised edition, or

hmended.

d\atra \ater date.

etic

ilfthe

d to
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MAGNETIC MATERIALS -

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

017

This
and
it gi
tech
Thig
in

mag

The

The

2

The
con
cite
any

IEC

(avai

IEC
and

IEC

he final annealed condition in coils or sheets and
netic circuits.

grades are grouped into two classes:

conventional grades;

high permeability grades, including livered in the domain refi

condition.

y correspond to Class

following d@
ent constitute

 applies. For u

he text in such a way that some or all of {

60404-1, Magnetic materials — Part 1: Classification

document. For dated references, only the estion

$trip

lar,
and

lied
of

ned

heir

ing

ism

rials

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

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

IEC

60404-3:1992/AMD1:2002

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

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

and

stacking factor of electrical steel sheet and strip
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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 given in IEC 60050-121 and
|[EC[60050-22t=and the fottowing appty-

ISO|and IEC maintain terminological databases for use in standardiza tNthe'dollowing
addresses:

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

e |SO Online browsing platform: available at http://www.iso.0

3.1
edgle camber
greatest distance between a longitudinal edge of & length line
join|ng the two extremities of the measured length of thig

Note| 1 to entry: See IEC 60404-9.

3.2
edge wave

wayve factor
variptions of flatness of aAehgth o
the product

Note| 1 to entry: The gdge

to ity length, expres 5
3.3
number of bend

nunber of alternate bens etal
visilble to the S

of

()

vave

Notel 1 to

3.4
intgrnal stresse
strepses which are characterized by a deviation in relation to the line of cutting

4 'Ctassification

The grades covered by this document are classified according to the value of maximum
specific total loss in watts per kilogram and according to the nominal thickness of the product?
(0,23 mm, 0,27 mm, 0,30 mm and 0,35 mm).

5 Designation

The steel name comprises the following in the order given:

1 In the rest of the document, the word "product" is used to mean "strip and sheet".
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1) the letter M for electrical steel;

017

2) one hundred times the specified value of maximum specific total loss at 1,7 T and 50 Hz,

in watts per kilogram;

3) one hundred times the nominal thickness of the product, in millimetres;

4) the characteristic letter

— S for conventional grades;

— P for high permeability grades;

5) one tenth of the frequency 50 Hz, i.e. 5.

EXAMPLE M140-30S5 for cold-rolled grain-oriented electrical steel strip or sheet of conventional grade ‘wjth a
maximum specific total loss of 1,40 W/kg at 1,7 T and 50 Hz, and a nominal thickness of m, supplied ip the
fully{processed state.

6 |[General requirements

6.1 Production process

Thel| production process of the steel and its chemical co o\the discretiop of
the manufacturer.

6.2| Form of supply

The| product is supplied in coils in thecas

The|l mass of the coils or bundles of and
purg¢haser at the time of enquiry and order.

Thelrecommended value fe

Strip shall be of copst sed
in alregular ma

Coils shall be suff bwn
weight.

Strip may exhjbit we eed
betwee the
marking O \ terlg r at
the time of enguiry and order.

For|coils-‘€ontaining repair welds or interleaves, each part of the strip shall be of the same
gra<|ie.

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 are substantially

flat

and approximately perpendicular to the top face.
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6.3 Delivery condition

Cold-rolled grain-oriented electrical steel products are usually supplied with an insulating
coating on both sides. This coating generally consists of an EC-5-G coating on an EC-2

coating in accordance with IEC 60404-1-12,

6.4 Surface condition

The surfaces shall be smooth and clean, free from grease and rust3. Dispersed defects such
as scratches, blisters, cracks, etc. are permitted if they are within the limits of the tolerances

on thickness and if they are not detrimental to the correct use of the supplied product.

Thel insulation coating present on the surface of the product shall be sufficiently adheren
that| it does not become detached during cutting operations or heat treajm der condit
spegified by the supplier.

If the product is to be immersed in a fluid, an agreement bg rer
pur¢haser, initiated by the purchaser, should be reached to e

fluig and the coating.

6.5| Suitability for cutting

The| product shall be suitable for cutting accura
appropriate cutting tools are used.

7 |Technical requirements

71 Magnetic properties

711 General

The| Epstein strips
spegified by the

The| singl 2 \ i shall not be heat treated.

7.1.2

The| specified min
strength-of 800 A/m at 50 Hz or 60 Hz shall be as given in Table 1 and Table 2.

The| properties defined_in 7. 2 ball apply to products in the delivery condi
defined in 6.3 a th ' defimed in 8.3.1.

t so
ons

and
the

hen

ition

ons

dm values of peak magnetic polarization at the peak magnetic field

7.1.3—Speecifie-totalHoss

The specified values of maximum specific total loss at 50 Hz or 60 Hz shall be as given in

Table 1 and Table 2.

2 Other types of coating exist which are used only when particularly specified.

3 Not to be confused with some coloration of the insulating coating inherent to the manufacturing process.
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Table 1 — Technological and magnetic properties of the conventional
grades of grain-oriented electrical steel strip and sheet

Steel name Nominal Maximum specific total | Maximum specific total Minimum Minimum
thickness lossat1,5T lossat1,7 T magnetic stacking
polarization for factor
W/kg W/kg H =800 A/m?
mm 50 Hz 60 Hz 50 Hz 60 Hz T
M110-23S5 0,73 0,96 1,10 1,45 1,78
0,23 0,945
M120-23S5 0,77 1,01 1,20 1,57 1,78
M110-27S5 0,77 1,02 1,10 1,48 1,80
M1]20-27S5 0,27 0,80 1,07 1,20 1,58 , 0,950
M1|30-27S5 0,85 1,12 1,30 1,68
M1]20-30S5 0,83 1,13 1,20 1,58
M1|30-30S5 0,30 0,85 1,15 1,30 1,7 0,95p
M140-30S5 0,92 1,21 1,40 1583
M1|35-3585 0,97 1,29 1,35

7
M145-35S5 0,35 1,03 1,36 1,45 91 1,78 0,960
M1[55-35S5 1,07 1,41 1,&\\04 1,78

@ |t has been common practice for many years to give va me
s used to determine magnetic polarization insi

J = B — iH
where

/' is the magnetic polarization;
B
n

i

The] difference between
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Table 2 — Technological and magnetic properties of the high permeability
grades of grain-oriented electrical steel strip and sheet

Steel name Nominal Maximum specific total loss Minimum Minimum
thickness at1,7T magnetic stacking
polarization for factor
W/kg H=800A/m?2

mm 50 Hz 60 Hz T
M80-23P5 P 0,80 1,05 1,85
M85-23P5 b 0,85 1,12 1,85
M90-23P5© 0,23 0,90 1,19 1,85 0,945
M95-23P5 0,95
M100-23P5 1,00
M90-27P5 P 0,90
M95-27P5 P 0,95

0,27 ,950
M100-27P5 1,00
M110-27P5 1,10
M100-30P5 1,00
M105-30P5 1,05
M110-30P5 0,30 1,10 0,955
M115-30P5 145 1,85
M120-30P5 ,20 1,85
M115-35P5 ; 1,88
M125-35P5 0,35 1,2 1,6 1,88 0,960
M135-35P5 (\ 35 . 1,77 1,88

@ |t has been common pr#
s used to determine ma

9,

WS of magnetic flux density. In fact the Epstein frame
insic ensity) which is defined as

u=B—/10H

Vhere

be delivered in the domain refined condition. Domain refined products shall be distinct ffom
hon-refined./products; see Clause 11 |). The magnetic properties of some domain refined products [ay
Heteriorate when the product is subjected to heat treatment.

7.2 Geometric characteristics and tolerances

7.2.1 Thickness

The nominal thicknesses of the product are 0,23 mm, 0,27 mm, 0,30 mm and 0,35 mm.

For thickness tolerance, a distinction is made between

— the allowable tolerance on the nominal thickness within the same acceptance unit;

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

— the difference in thickness in a direction perpendicular to the direction of rolling. This
tolerance applies only to products with a width greater than 150 mm.
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At any point, the allowable deviation from the nominal thickness within the same acceptance
unit shall not exceed * 0,030 mm except for the 0,23 mm thickness for which this tolerance
shall not exceed + 0,025 mm. The additional thickness due to welds with respect to the
measured thickness of the steel product shall not exceed 0,050 mm.

The difference in thickness in a sheet or in a length of strip of 2 m in a direction parallel to the
direction of rolling shall not exceed 0,030 mm.

In addition, for products with a width greater than 150 mm, the difference in thickness in a
direction perpendicular to the direction of roIIing shall not exceed 0,020 mm, the
me OUICIIICIILO UGIIIH IIIGUU al IUOOL hI‘\} LI IIUIII I.IIG UUHGO \OUG 8 4 3 1) rUI martrovy Otlips,

othgr agreements may be needed.

7.2 Width

Thelcommonly available nominal widths are less than or equal to 1 Q00

The| product can be supplied either in a width chosen fro ifi ange of |the
manufacturer or in the finally used width.

For|products supplied in a width chosen from the /specific\tang ,|the

perinitted tolerances shall be +(2) mm.

For|products supplied in the finally used wi

Tolerance @

[\ mm

SRS
A

O
TR o

-0,6

a By\agyéement between the manufacturer and the purchaser at the time of
enquiry and order, the tolerances on the nominal width can be all positive
tolerances.

Nominal widths greater than 1 000 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.

7.2.3 Length

The tolerance on the length of sheets in relation to the length ordered shall be +g'5 %, but with
a maximum of 6 mm.
7.2.4 Edge camber

The verification of edge camber does not apply to products of width less than or equal to
150 mm. The edge camber shall not exceed 0,9 mm for a measuring length of 2 m.
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7.2.5 Edge wave (wave factor)

The verification of the edge wave does not apply to products of width less than or equal to
150 mm. The wave factor (see 8.4.3.4), expressed as a percentage, shall not exceed 1,5 %.

7.2.6 Residual curvature

A requirement concerning residual curvature may be specified by agreement between the
manufacturer and the purchaser when ordering products of width greater than 150 mm.

In this_case the distance bhetween the bottom pdgp of the test Ihim"p and the anpnrﬁng plate
shall not exceed 35 mm for sheets and shall be subject to agreement for coils.

7.2J7 Burr height

The| determination of the burr height applies only to slit coils deli hich
they will finally be used. The measured burr height shall not exc

7.3| Technological characteristics

7.3 Density

The| density of cold-rolled grain-oriented electrica

Thel conventional value of density uséd to\caf ing
factpr shall be 7,65 kg/dm3.

7.3.2 Stacking factor

Thel minimum values shalkbe 3

7.3 Number of be

The| specified m@ hllel

to the direction of rof

7.3.4

The| produs

The]| verificationeof inter stress is not applicable to a product of width less than 500 mm |(slit
coil). The meas p shall not exceed 1 mm (see 8.3.3.3).

7.35 Insulation coating resistance

The-msutatiom—coating Tesistance—expressed—im & MM Tepresents—the—etectricatTesistance
offered to the passage of current through the coating.

The measured insulation coating resistance before or after the possible application of a stress
relief heat treatment shall be not less than 500 Q' mm?2 / side unless otherwise agreed
between the manufacturer and the purchaser at the time of enquiry and order. The stress
relief heat treatment, when applied, shall be carried out under conditions specified by the
manufacturer.


https://iecnorm.com/api/?name=da59f4edfce216b21d784205606cf767
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