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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MAGNETIC MATERIALS -

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

FOREWORD

1) The |nternational Electrotechnical Commission (IEC) is a worldwide organizatig 3 ardizati nprising
all national electrotechnical committees (IEC National Committees). e E S promote
interhational co-operation on all questions concerning standardization in the-elestric ilelds. To
this pnd and in addition to other activities, IEC publishes Internationak Standa iflcations,
Technical Reports, Publicly Available Specifications (PAS) and GQui 3 : hs “IEC
Publ|cation(s)”). Their preparation is entrusted to technical committges; an interested
in the subject dealt with may participate in this preparatory work & i e hd non-
govegrnmental organizations liaising with the IEC also participdte i iIS™E ian. collaborateq closely
with [the International Organization for Standardization (I i i onditions deternjined by
agrepment between the two organizations.

2) The formal decisions or agreements of IEC or b as nearly as possible, an inteqfnational
consensus of opinion on the relevant suljects i from all
interpsted IEC National Committees.

3) IEC PPublications have the form of recommendation National
Compmittees in that sense. While all reasonable efforts t of IEC
Publ|cations is accurate, IEC cannot be for any
misipterpretation by any end

4) In ofder to promote intern ications
trangparently to the maxi iergence
between any IEC Publicatis cated in
the Iatter.

5) IEC ftself does vie any nformity

sment services a \ for any
services carried out by inde d
All upers should ensuxe ve the Jatest edition of this publication

bility sha C or\ts directors, employees, servants or agents including individual expgrts and
members ofts tech ittees and IEC National Committees for any personal injury, property damage or
othef damage of any<g e whatsoever, whether direct or indirect, or for costs (including legal fdes) and
expgnges axisg Xv & publication, use of, or reliance upon, this IEC Publication or any other IEC
Publ|ca
Attenption is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable-forthe cotrect application of this publication.

9) Attenption, is”drawn to the possibility that some of the elements of this IEC Publication may be the sybject of
patept'rights. IEC shall not be held responsible for identifying any or all such patent rights.

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
constitutes a technical revision.

edition

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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The 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 list
materials, can be found on the IEC website.

The cogmmittee has decided that the contents of this document will r
stability date indicated on the IEC website under "http://webstore.ie
the specific document. At this date, the document will be
e recpnfirmed,

e withdrawn,

e replaced by a revised edition, or

e amgnded.

A bilingual version of this publication d\at-a later date.

gnetic

ntil the

bated 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

1 Scope

This pgart of IEC 60404 defines the grades of cold-rolled grain-oriented (electh | strip
and shieet in nominal thicknesses of 0,23 mm, 0,27 mm, 0,30 mm and 0,8 . ticular,
it giveg general requirements, magnetic properties, geometric charactecisti s and

technojogical characteristics, as well as inspection procedures.

This dgcument applies to Goss textured grain-oriented electyica steel i et syipplied
in the|final annealed condition in coils or sheets, and i g construcgion of
magnetic circuits.

The grpdes are grouped into two classes:

— corjventional grades;

— high permeability grades, including livered in the domain fefined

corldition.

They cprrespond to Class

lowing d@
constitute

he text in such a way that some or all ¢f their
document. For dated references, only the fdition
e latest edition of the referenced document (in¢luding

Iectrotechn/cal Vocabulary — Part 121: Electromagnetism

artt—Ctfassification

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


http://www.electropedia.org/
http://www.electropedia.org/
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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
IEC 60050-221 and the following apply.

ISO ajg IEC maintain terminological databases for use in standardizg \the. following
addreslses:

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

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

3.1
edge qamber
greategt distance between a longitudinal edge of &length ne line
joining|the two extremities of the measured length of thig

Note 1 tp entry: See IEC 60404-9.

3.2
edge wave

wave flactor
variatigns of flatness of aAength o [ t dge of
the prgduct

Note 1 tp entry: The gdge

to its lerjgth, expres 5
3.3
number of bend

numbe
visible|to the

he wave

metal

Note 1 tp

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

4 Classification

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;

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 with a

maximum specific total loss of 1,40 W/kg at 1,7 T and 50 Hz, and a nominal thickness of m, supplie
fully-professed state.

6 Geéneral requirements

6.1 Production process

The prpduction process of the steel and its chemical co o\the discre

the manufacturer.

6.2

The pr

The m

The reg¢

Form of supply

d in the

tion of

er and

Strip spall be of copst d imsuch a manner that the edges are superimpposed
in a regular ma ide fa i i .

Coils s ir own
weight

Strip n agreed
betwegq ry, the
markinjg O terlg ser at
the timle of eny |ry and order.

For cojls{containing repair welds or interleaves, each part of the strip shall be of thg 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 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.

The ingulation coating present on the surface of the product shall be suffi
that it loes not become detached during cutting operations or heat treajm
specified by the supplier.

atly adhefent so
ditions

er and
en the

If the product is to be immersed in a fluid, an agreement bg
purchaser, initiated by the purchaser, should be reached to e
fluid and the coating.

6.5 Buitability for cutting

The prpduct shall be suitable for cutting accura I when

appropriate cutting tools are used.

7 Technical requirements

71 Magnetic properties

711 General
The p:lloperties defined_in 7. A ball apply to products in the delivery condition
defined in 6.3 a th . defined in 8.3.1.

Ss relief heat treatment after cutting under conditions

7.1.2

strengfh ©f 800 A/m at 50 Hz or 60 Hz shall be as given in Table 1 and Table 2.

The sTecified mintmdm values of peak magnetic polarization at the peak magnetic field

71.3 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.

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
M120-p7S5 0,27 0,80 1,07 1,20 1,58 , Q,950
M130-R7S5 0,85 1,12 1,30 1,68
M120-B0S5 0,83 1,13 1,20 1,58
M130-B0S5 0,30 0,85 1,15 1,30 1,7 ,955
M140-B0S5 0,92 1,21 1,40 1583
M135-B5S5 0,97 1,29 1,35 4
M145-B5S5 0,35 1,03 1,36 1,45 91 1,78 Q,960
M155-B5S5 1,07 1,41 1,&\\04 1,78

@ It hgis been common practice for many years to give va
is uped to determine magnetic polarization insi

h frame

J=pB - /loH

whdre

J |is the magnetic polarization;
B

Ho
H

The dif
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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 =800 A/m @

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 P 0,23 0,90 1,19 1,85 0,945
MP5-23P5 0,95
M100-23P5 1,00
Md0-27P5 P 0,90
Mg5-27P5 P 0,95

0,27 ,9p0
M100-27P5 1,00
M110-27P5 1,10
M100-30P5 1,00
M105-30P5 1,05
M110-30P5 0,30 1,10 0,965
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 his been common pré ws of magnetic flux density. In fact the Epstein frame
is uped to determine ma insic ensity) which is defined as

J =1

whe

The dif : R at 800 A/m is equal to 0,001 T.

b Thi be delivered in the domain refined condition. Domain refined products shall be distinct from
nontrefined “products; see Clause 11 1). The magnetic properties of some domain refined produdgts may
deterigrate 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 rolling shall not exceed 0,020 mm, the
measurements being made at least 40 mm from the edges (see 8.4.3.1). For narrow strips,

other "grnnmnnfe may. he neaded

7.2.2 Width

The cogmmonly available nominal widths are less than or equal to 1 Q00

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

For prpducts supplied in a width chosen from the /specific\tahg er, the

permitfed tolerances shall be +(2) mm.

For praducts supplied in the finally used wi

Tolerance @

[\ mm

S
Al

N
Tt 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 between the bottom edge of the test piece and the supporting plate
shall not exceed 35 mm for sheets and shall be subject to agreement for coils.

7.2.7 Burr height

The dgtermination of the burr height applies only to slit coils deli which

they wlll finally be used. The measured burr height shall not exc

7.3 Ffechnological characteristics
7.3.1 Density

The density of cold-rolled grain-oriented electrica

The cdnventional value of density uséd to\caf 3 properties and the sfacking
factor $hall be 7,65 kg/dm3.

7.3.2 Stacking factor

The minimum values shalkbe a

7.3.3 Number of be
The splecified m@

to the direction of rof

arallel

7.3.4

The prpdus

The velrificatiop-of 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).

7.3.5 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
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.
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8 Inspection and testing

8.1 General

The products defined by this document can be ordered with or without specific inspection in
accordance with ISO 404. However, as a dispensation from ISO 404, in the case of an order
without inspection, the manufacturer shall supply a certificate giving the specific total loss of
the supplied product.

In the case of an order with specific inspection, the type of inspection document in
accordance with 1SO 10474 shall be specified when ordering. In this case, the delivery is

divided-inta acceptance units

Each gcceptance unit shall comprise 3,0 t or the remaining fraction th grade
and the same nominal thickness. Different acceptance units cap c special
agreement between the manufacturer and the purchaser at the time\of & B

For colls of more than 3,0 t, each coil shall constitute an acg

Except 5 esses,
suitability for cutting, surface insulation resistance and tolerances ons.
When the products are delivered in the form of . parent
unit of lacceptance shall apply.

8.2 Selection of samples

Test sagmples shall be taker

The firpt internal turn & nd not
as repfesentative of t bm the
first infernal or nes or
interlegaves.

In the|case of of the
bundle

By chqos erve to
check the

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 strips shall be made uniformly across the width of the

product. The test strips shall be carefully cut without deformation. Cutting or punching shall be
carried out only with well sharpened tools.

Before the measurements, the test strips shall be subjected to a stress relief heat treatment in
accordance with the manufacturer's specification.
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In the case where the measurement of magnetic polarization and specific total loss shall be
made using the single sheet tester specified in IEC 60404-3 (see 8.4.2 below), the test
specimen for the single sheet tester shall consist of one sheet having the following
dimensions:
— length from 500 mm to 610 mm.

The value of 500 mm is recommended;
— width from 300 mm to 500 mm.

It is recommended to use width values between 450 mm to 500 mm.

All the test specimens shall be cut parallel to the direction of rolling. The permitted tolerance
for the[angle between the direction of rolling and the direction of cutling Is

In the ¢gase of measurements of specific total loss on aged test piece & ged by
heating at (225 + 5) °C for a duration of 24 h and shall be cooled to¢a c S b

8.3.2 Geometrical characteristics and tolerances

For the¢ measurement of thickness, width, flathess and edg k & imen shall
consis| of a sheet or a 2 m length of strip.

For th¢ measurement of the residual curvature,

+2,5 . .
(500 0 ) mm in length and of width g

sample

8.3.3
8.3.3.1 Stacking facto

The tept specimen sha
test shlall be made wit
area of at least
equalfo £ 0,2 m

te, the
urface
ctively
est.

8.3.3.2

Five te
paralle]
direction

zones,
to the
imen.

The te$

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

For products with a width equal to or greater than 600 mm, four strips shall be selected over
the whole width of the product. The width of each strip depends on the method to be used,
e.g. 50 mm for the test method in accordance with IEC 60404-11.

For products less than 600 mm wide, the selection for inspection of insulation coating
resistance shall be subject to agreement when ordering.

Before the measurements, depending on the agreement (see 7.3.5), the test specimen may
need to be heat-treated in accordance with the specification of the manufacturer.
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8.4 Test methods
8.4.1 General

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

8.4.2 Magnetic properties

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

NOTE As an alternative to the Epstein method, the single sheet tester (SST) described in IEC 60404-3 can be
used byragreemrentbetween the Tmanufactureramndpurctraser—atthe—time—ofemquity amd fer—tmthis gase the
specified values to be obtained with the single sheet tester can also be subject to agreément\The rélatjonships

between the SST and Epstein test results which are given in Annex C of IEC 60404,3; can be
used as|a guide.

For th¢ grades of domain-refined products (see Table 2), the tes a 3ing the
single [ sheet tester specified in IEC 60404-3, according e \i i pf  the
manufacturer. The single sheet test specimen is not heat treated

8.4.3 Geometrical characteristics and tolerance

8.4.3.1 Thickness

The measurement of thickness shall be n bm the
edges.|For products of a width less tha made

along the longitudinal axis of the sheet\or s{rip p sing a
micrometer with an accuracy of 0,001

8.4.3.2

The wi

8.4.3.3

The ed n/accordance with IEC 60404-9.

8.4.3.4
The w4 a ined in accordance with IEC 60404-9.

8.4.3.5

The rgsidual curvattre in the longitudinal direction of the strip shall be determiped in
accordange with IEC 60404-9.

8.4.3.6 Burr height

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

8.4.4 Technological characteristics
8.4.41 Stacking factor

The 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, following 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 stopped on the appearance in the base metal of the first crack visible to the
naked eye. The last bend shall not be counted.

8.4.4.:]—!«6&%&!%&99*5
The infernal stresses shall be determined in accordance with IEC 60404~

8.4.4.4 Insulation coating resistance

The tept can be carried out by different methods, among whic

with IE|C 60404-11 on both sides of the product.

rdance

8.5 Retests
When [a test does not give the specified resul be réepeated on double the
numbef of test specimens from other she bm the
coils. '{he delivery shall be considered to ¢Q | tests
are in accordance with the requirements
After rg-treatment, the manufacturer has t ight\to\present again for test acceptancg units
which had not been found Ao compty~with thexgrder.
9 Marking, labelling ar
Marking, Iabellir@ pa products may be agreed between the manufacturer
and the¢ purchaser g '
10 Caomplai
Internd| efects shall justify a complaint only if they are clearly prejudicial| to the
method of dicious use of the product.

of the

fairne

The pslrsrchaser shall”give to the manufacturer the opportunity of convincing himself

ofthe claim by presenting the product in dispute and evidence for the complain

It

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

11 Information to be supplied by the purchaser

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

a) the
b) the
c) the
d) the

quantity;

type of product (strip or sheet);

number of this standard (IEC 60404-8-7);
steel name or number (see Clause 5);
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