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FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization compri
Il national electrotechnical committees (IEC National Committees). The object of IEC is to prémote 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 Specifications; 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-governmental organizations lia
ith the IEC also participate in this preparation. IEC collaborates closely with_the:Ihternational 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{as nearly as possible, an internat
onsensus of opinion on the relevant subjects since each technical committee has representation frof
terested IEC National Committees.

FC Publications have the form of recommendations for international 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 responsible\for the way in which they are used or for
isinterpretation by any end user.

h order to promote international uniformity, IEC Natioehal 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'of regional publication shall be clearly indicated in the I4

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

jzsessment services and, in some areas, access to |IEC marks of conformity. IEC is not responsible foi

rvices carried out by independent certification bodies.

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

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

onal
h all

onal
IEC
any

ions
veen
tter.

mity
any

o liability shall attach to IEC or 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 naturel whatsoever, whether direct or indirect, or for costs (including legal fees)
xpenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other
ublications.

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

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

e or
and
IEC

hs is

htent

Thi

redline version of the official IEC Standard allows the user to identify the chan

es

madeto-the previous edition. A vertical bar appears in the margin wherever a change has

bee

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 fifth edition cancels and replaces the fourth edition published in 2017. This edition
constitutes a technical revision.

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

— insertion of a third class of grain-oriented electrical steels for magnetic domain refined high
permeability grades;

— [ntroduction of the single sheet tester (SST) method as reference measurement method for
his third class of material together with a conversion factor for transposition of the*§ST
measurement results to equivalent Epstein values;

— lpdate of the electrical steel range to take account of the current offers and)demandp of
jrades.

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

CbhV Report on voting
68/641/CDV 68/657/RVC

Fulllinformation on the voting for the approval of this International Standard can be found in[the

rep¢rt on voting indicated in the above table.

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

A lipt of all the parts in the IEC 60404 series; published under the general title Magnetic

materials, can be found on the IEC website.

The| committee has decided that the contents of this document will remain unchanged until the

stahility date indicated on the IEC website under "http://webstore.iec.ch” in the data related to

the specific document. At this date, thecdocument will be

e feconfirmed,

e Withdrawn,

e feplaced by a revised edition, or

e Bmended.

IMPORTANT/~"The 'colour inside’' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct understanding
of|its contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

This revision of International Standard IEC 60404-8-7 has been prepared by the experts of the

Wo

rking Group 1 of the IEC technical committee 68: Magnetic alloys and steels.

The insertion of a third class of electrical steels for magnetic domain refined high permeability
grades is the main reason of this revision. Most of the technologies of magnetic domain
refinement result in material that does not withstand the stress relief annealing after cutting
without changing the magnetic properties (i.e. the specific total loss). In the case of this
material, the Epstein method according to IEC 60404-2, requiring the annealing of the Epstein
test specimens, is not suitable. Therefore, the single sheet tester (SST) method specified in

IEC|60404-3 is employed for such non-heatproof magnetic material. A

the

Thelintroduction of the SST as the reference measurement method for these magne@omain
refiped high permeability grades was preceded by intense discussions within IEC '@ 8.

Thel| specific total loss measured by use of the SST specified in IEC 60404-3 tﬁ@s to be lafger
than the value measured by the use of the Epstein frame in accordance with'\{E
magnetic polarization at # = 800 A/m measured by use of the SST tends t§2§'e a little lower than

W
Q
Thel|significant difference between Epstein and SST loss results w@‘it necessary to introduce

60404-2. [The

value measured by the use of the Epstein frame.

a cqnversion factor, F., applied to the SST results. This conversi actor is to create continuity
in the quality characteristics ratio of conventional grain-orie electrical steel grades and of

quality materials assessed by the SST method wo

the
low

high permeability grades (Epstein related loss values) tq th€ magnetic domain refined high
perineability grades (SST related loss values), particula&
thege grades. Otherwise, it could be confusing to tiﬁQsers of this document that the higher

Corsiderations of the widely spread grada%b@domain refined high permeability grain-oriented

over the transition zone betwleen

e listed with seemingly higher valuels of
specific total loss, compared with the lower ‘QI s obtained by the Epstein method on|the
br quality materials. g\Q

eledtrical steel led to the consented valug of F. = 0,925 to be applied to the specific total |oss

valyes at 1,7 T measured by the SST- hod.
A{@

The| magnetic polarization of magr€tic domain refined high permeability grades at H = 800 A/m
is the value taken from the S measurement without conversion to an equivalent Epstein

valye.

Tabje 3 as a new cl

Corsequently, the rz@g’tic domain refined high permeability grades will be listed in a new

)

grain-oriented electrical steel strip and sheet.
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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 S
ICOPT

Thig part of IEC 60404 defines the grades of cold-rolled grain-oriented electrical steel-strip jand
shept in nominal thicknesses of 0,20 mm, 0,23 mm, 0,27 mm, 0,30 mm and 0,35 mm|[ In
parficular, it gives general requirements, magnetic properties, geometric characteristics,
tolefances and technological characteristics, as well as inspection procedures:

Thig document applies to Goss textured grain-oriented electrical steel strip.and sheet supplied
in the final annealed condition in coils or sheets, and intended for the construction of magnetic
circpits.

The|grades are grouped into-twe three classes:
— fonventional grades;

— high permeability grades—including-grades—which-mayybe-delivered-inthe-domain—refined
._')elqd't'en.

— Mmagnetic domain refined high permeability grades:
Thely correspond to Class C22 of IEC 60404-1,

2 |Normative references

Thel|following documents are referred.tesin the text in such a way that some or all of their confent
congtitutes requirements 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.

IEC|60050-121, International Electrotechnical Vocabulary — Part 121: Electromagnetism
IEC|60050-221, International Electrotechnical Vocabulary — Chapter 221: Magnetic matefials
and| components{availableat-httpiwww-electropedia-orgh

IEC|60404-1.\Magnetic materials — Part 1: Classification

IEC|60404~1-1, Magnetic materials — Part 1-1: Classification — Surface insulations of electfical
stegl sheet, strip and laminations

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

IEC 60404-3:14992, Magnetic materials — Part 3: Methods of measurement of the magnetic
properties of-magnetic electrical steel strip and sheet-and-strip 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 60404-11, Magnetic materials — Part 11: Method of test for the determination of surface
insulation resistance of magnetic sheet and strip

IEC 60404-13, Magnetic materials — Part 13: Methods of measurement of resistivity, density,
and stacking factor of electrical steel strip and 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,
IEC 60050-221 and the following apply.

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

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

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

edge wave

wayve factor
variptions of flatness of a length of strip or a sheet taking @form of waves at the slit edge of{the
product

Note| 1 to entry: The edge wave is characterized by the wave factor which is the relation of the height of the Wwave
to it4 length, expressed as a percentage.

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

3.2
residual curvature
variptions of flatness of a length of strip or a sheet taking a permanent curvature in the rolling
direction of the product

[SOURCE: IEC 60404-9:2048,3.2]

3.3
edgle camber
greatest distance hetween a longitudinal edge of a length of strip or a sheet and the line joining
the fwo extremities.of the measured length of this edge

[SOURCE: [EC 60404-9:2018, 3.3]

3.4

devjiation from the shearing line
intermafrstress

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 rolling direction of the product,
which characterizes the internal stress of the materials

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

3.5
number of bends
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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 prior to when sudden failure occurs
by fracture

[SO

4

URCE: IEC TR 63114:2018, 3.2]

Classification

The
max
and
and

5
The

1)
2)

3)
4)

5)

EXA
a mg
in th

6.1

The
the

6.2
The

The

imum specific total loss at a magnetic polarization of 1,7 T and 50 Hz, in watts perkilogn
according to the nominal thickness of the product? (0,20 mm, 0,23 mm, 0,27 mm,*0,30
0,35 mm).

Designation
steel name comprises the following in the order given:

h letter “M” for electrical steel;

pne hundred times the specified value of maximum specific-total loss at 1,7 T and 50 H
watts per kilogram;

pne hundred times the nominal thickness of the product, in millimeters;
the characteristic letter

“S” for conventional grades;

“P” for high permeability grades;

“R” for magnetic domain refined high-permeability grades;

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

MPLE M140 M120-30S5 for cold-rolled grain-oriented electrical steel strip or sheet of conventional grade|
ximum specific total loss of-+46 1,20 W/kg at 1,7 T and 50 Hz, and a nominal thickness of 0,30 mm, sup
b fully-processed state.

General requirements

Production process

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

Form ofisupply
productsis supplied in coils in the case of strip-and or in bundles in the case of sheets.

mass of the coils or bundles of sheets shall be agreed between the manufacturer and

pur

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

am,
mm

N

in

with
blied

n of

the

haser at the time of nnqnir\/ and order

The

recommended value for the internal diameter of coils is approximately 508 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

1 In the rest of the document, the word "product" is used to mean "strip and sheet".
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marking of welds or interleaves may be agreed between the manufacturer and the purchaser at
the time of enquiry and order.

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 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

Coldl-rolled grain-oriented electrical steel products are usually supplied with an<nsulating
coafing on both sides. This coating generally consists of an EC-5-G coating on an_EC-2 coating
in Tcordance with IEC 60404-1-12. Other types of coating exist which are used only when
parficularly specified.

6.4 Surface condition

The| surfaces shall be smooth and clean, free from grease and rust3( Dispersed defects guch
as pcratches, blisters, cracks, etc. are only permitted if they are*within the limits of [the
tolefances on thickness and if they are not detrimental to the correctuse of the supplied product.

Thel insulation coating present on the surface of the produci(shall be sufficiently adherenf so
that| it does not become detached during—eutting core:‘manufacturing operations or heat
treatment under conditions specified by the-suppler manufacturer.

If tHe product is to be immersed in a fluid, an agreement between the manufacturer and|the
pur¢haser, initiated by the purchaser, should beXteached to ensure compatibility between|the
fluig and the coating.

6.5| Suitability for cutting
The| product shall be suitable for cutting' accurately into the usual shapes at any point when
appfopriate cutting tools are used.
7 |Technical requirements

71 Magnetic properties
71N General

The|properties defined/in 7.1.2 and 7.1.3 shall apply to products in the delivery condition defined
in 6]3 and to theaged condition defined in 8.3.1.1 and 8.3.1.2.

The| Epstein-strips shall receive a stress relief heat treatment after cutting under conditions
spegified by the manufacturer.

The test specimen for the single sheet tester (SST) method 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-Table4+-and-Table-2 Tables 1 Table to 3.

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-Table2 Table 1 Table to 3.

7.1.4 Magnetic properties of magnetic domain refined high permeability grades

The magnetic properties* are measured in accordance with the single sheet tester method
specified in IEC 60404-3.

In Table 3, the specific total loss at 1,7 T and 50 Hz or 60 Hz is treated on the basis of an
equivalent Epstein value obtained by multiplying the SST measurement result at 1,7 T and
50 i

The| conversion factor, F,, for non-specific values, e.g. at 1,5 T, may be subject to agrteénpent
between the manufacturer and the purchaser at the time of enquiry and order.

Q
In Tlable 3, the magnetic polarization at # = 800 A/m is measured in accordanc@hh the SIST
method without conversion to an equivalent Epstein value.

withstand the annealing without changing the magnetic properties (i.e. specific total lgss).
In that case the Epstein method according to IEC 60404-2 shall b ed with annealing|the
Epsfein test specimen. The manufacturer shall inform the purcha@‘b

Epsftein method at the time of enquiry and order.

Thefe are technologies of heatproof magnetic domain refinement Wh:étgf/blt in samples that

n the application of|the

4 The specific total loss measured by an SST specified in IEC 60404-3 tends to be higher than the value measured
by an Epstein frame specified in IEC 60404-2. The magnetic polarization at # = 800 A/m measured by an SST
tends to be a little lower than the value measured by an Epstein frame.
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Table 1 — Technological and magnetic properties of the conventional
grades of grain-oriented electrical steel strip and sheet (magnetic properties are
measured using the Epstein method according to IEC 60404-2)

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 at
H=800A/m?2
mm at 50 Hz at 60 Hz at 50 Hz at 60 Hz T
M110-23S5 0.73 0.96 1.10 1.45 1.78
0,23 0,94p
M1[20-23S5 0,77 1,01 1,20 457 1,58 1,78
M1|10-27S5 0,77 1,02 1,10 1,48 1,80
M1[20-27S5 0,27 0,80 1,07 1,20 1,58 1,78 0,950
M1[30-27S5 0,85 1,12 1,30 1,68 1,71 1,78
M1[20-30S5 0,83 1,13 1,20 1,58 1,80
M1[30-30S5 0,30 0,85 1,15 1,30 1,71 1,78 0,955
M140-30S5 0,92 1,21 1,40 183 1,84 1,78
M1[35-35S5 0,97 1,29 1,35 1,78 1,80
M145-35S5 0,35 1,03 1,36 1,45 1,91 1,78 0,960
M1[55-35S5 1,07 1,41 1,55 2,04 1,78

@8 It has been common practice for many years to give values of/magnetic flux density. In fact the Epstein frame
s used to determine magnetic polarization (intrinsic flux denSity) which is defined as
= B — uoH

here

/ is the magnetic polarization;

B is the magnetic flux density;

1o is the magnetic constant: 4 = x 1077 H-m™’;

F is the magnetic field strength.

The difference between B and J at # = 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 electrical steel strip and sheet (magnetic properties are
measured using the Epstein method according to IEC 60404-2)

Steel Nominal Maxi i Iy Mini Mini
Wikg polarizationfor factor

b
D
¢
3
]
<
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Steel name Nominal Maximum specific total loss Minimum Minimum
thickness at1,7 T magnetic stacking
W/kg polarization at factor
H=800A/m?2
mm at 50 Hz at 60 Hz T
M85-23P5 0,85 1,12 1,88
M90-23P5 0,90 1,18 1,87
0,23 0,945
M95-23P5 0,95 1,25 1,87
M100-23P5 1,00 1,32 1,85
M90-27P5 0,90 1,19 1,88
M95-27P5 0,95 1,25 1,88
0,27 07950
M100-27P5 1,00 1,32 1,88
M110-27P5 1,10 1,45 1,88
M95-30P5 0,95 1,25 1,88
M100-30P5 1,00 1,32 1,88
M105-30P5 0,30 1,05 1,38 1,88 0,955
M110-30P5 1,10 1,45 1,88
M120-30P5 1,20 1,58 1,85
M115-35P5 1,15 1,51 1,88
M125-35P5 0,35 1,25 1,64 1,88 0,960
M135-35P5 1,35 1,77 1,88

The

t has been common practice for many years to give valies of magnetic flux density. In fact the Epstein frame
s used to determine magnetic polarization (intrinsic fluxrdensity) which is defined as

/= B — /J()H
here

/ is the magnetic polarization;
B is the magnetic flux density;

iy is the magnetic constant: 4 n x 1Q°CH-m™";
F/ is the magnetic field strength.
difference between B and J ath#= 800 A/m is equal to 0,001 T.
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Table 3 — Technological and magnetic properties of magnetic domain
refined high permeability grades of grain-oriented electrical steel strip
and sheet (magnetic properties are measured using the Single Sheet Test method*

according to IEC 60404-3).

Steel name Nominal Maximum specific total loss Minimum Minimum
thickness at1,7 T* magnetic stacking
polarization at factor
W/kg H =800 A/m @
mm at 50 Hz at 60 Hz T
MZQ. 205 ﬂ‘7ﬂ n’o') '1’QE.
0,20 0,940
M75-20R5 0,75 0,99 1,85
M75-23R5 0,75 0,99 1,85
M80-23R5 0,80 1,05 1,85
0,23 0,945
M85-23R5 0,85 1,12 1,85
M90-23R5 0,90 1,18 1,85
M85-27R5 0,85 1,12 1,895
M90-27R5 0,27 0,90 1,18 K85 0,950
M95-27R5 0,95 1,25 1,85

@ 1t has been common practice for many years to give values of mdgfigtic flux density instead of value$ of
magnetic polarization (intrinsic flux density) which is defined as:

U = B — uoH

here

U is the magnetic polarization;

B is the magnetic flux density;

o is the magnetic constant: 4 = x 1077 H-m™";

HH is the magnetic field strength.

Thel difference between B and J at H = 800 A/m ig\equal to 0,001 T.

* [The values of the specific total loss are (@iven by the results of the SST measurements multiplied by|the
conversion factor, Fc, as described in 7<1\4. In the case of heat-proof DR materials, when the Epstein method
s to be applied (7.1.4), the listed yalues are to be considered as the grade limit loss values as measyred
Hirectly by the Epstein method.

7.2| Geometric characteristics and tolerances
7.2 Thickness

Thel nominal thickngesses of the product are 0,20 mm, 0,23 mm, 0,27 mm, 0,30 mm Jand
0,3% mm.

Forlthickness)tolerance, a distinction is made between

— theallewable-toleranee-on deviation from the nominal thickness within the same acceptjnce
i nit;

— 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.

At any point, the-allewable deviation from the nominal thickness within-the-same an acceptance

unit shall not exceed-+-0;030-mm-exceptfor-the 0;23-mm-thicknessfor-which-thistolerance
shall-notexceed+=0.025 mm the tolerances of Table 4. 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 1 m in a direction parallel to
the direction of rolling shall not exceed 0,030 mm.
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ln—additien; 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 least40 20 mm from the edges (see 8.4.3.1). For narrow strips, other agreements
may be needed.

Table 4 — Tolerances on nominal thickness

Nominal thickness Tolerance
mm mm
0,20 + 0,020
0,23 T 0,023
0,27 + 0,027
0,30 + 0,030
0,35 + 0,030

7.2 Width
The| commonly available nominal widths are less than or equal to 1 Q00,/mm.

The|product can be supplied either in a width chosen from the specific range of the manufactyrer
or in the finally used width.

For|products supplied in a width chosen from the specific range of the manufacturer,|the

permitted tolerances shall be +% mm;

For|products supplied in the finally used width, the-tolerances of Table 5 shall apply.

Table 5 — Tolerances on nominal width

Nominal width / Tolerance 2

mm mm

1 <150 0
~ -0,2

150 <71 <400 0
- -0,3

400 < /<750 0
- -0,5

750 </ <1000P 0
- -0,6

a8 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.

b Neominal-widihe araatarthan 1 000 mm mav bhao dalivarad 1o thic coco tho-tolerance.

9 J b
should be agreed between the manufacturer and the purchaser at the time of enquiry and
order.

For products supplied with as-rolled edges, tolerances on geometric characteristics shall be
subject to agreement 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+8’5 %, but

with a maximum of + 6 mm.
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The verification of the edge wave applies only to products with a width greater than 150 mm.

The

wave factor (see 8.4.3.3) shall not exceed 1,5 %.

7.2.
The
150
7.2.
The
wit
7.3

7.3.
The

The

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 in the rollimg'direction of the pro
described in IEC 60404-9: a horizontal method and a vertigal<method. The horizo
hod is recommended from the aspect of worker’s safety.

Horizontal method:

bn which the test specimen is placed, shall not ekceed 17,5 mm for sheets and shal
subject to agreement for coils.

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

or coils.

6 Edge camber

verification of edge camber«does not apply to products of width less than or equs

mm. The edge camber shall-not exceed-6;9 0,5 mm for a measuring length of-2 1 m.

7 Burr height

determination of the*burr height applies only to slit coils delivered in the-width-in-which-{

finally-be used width. The measured burr height shall not exceed 0,025 mm.
Technological characteristics

1 Density

density*of cold-rolled grain-oriented electrical steel is not specified.

conventional value of density used to calculate the magnetic properties and the stac

verification of residual curvature applies only to products with a width greaterdhiah 150 mm.

the

Huct
ntal

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

be

and

he supporting plate shall not exceed 35 ¥nm for sheets and shall be subject to agreenpent

to

ing

factor shall be 7,65 kg/dm?3.

7.3.
The

7.3.

2 Stacking factor
minimum values shall be as specified in Table 1, Table 2 and Table 3.

3 Number of bends

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

7.3.
The

4 Deviation from the shearing line (internal stresses)
products shall be, as far as possible, free from internal stresses.
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The verification of-internal-stress the deviation from the shearing line is not applicable to a
product of width less than 500 mm (slit coil). The measured gap shall not exceed 1 mm (see
8.3-3-3 8.4.4.3).

7.3.5 Insulation coating resistance
The insulation coating resistance expressed in Q' mm? 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? / side unless otherwise agreed between
the manufacturer and the purchaser at the time of enquiry and order.

Thel stress relief heat treatment, when applied, shall be carried out under conditions specified
by the manufacturer.

8 [Inspection and testing

8.1 General

The| products defined by this document can be 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-a-certificate an inspection document type| 3.1
accprding to ISO 10474 giving the specific total loss of the supplied product.

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

Each acceptance unit shall comprise 3,0 t or the rémaining fraction thereof of the same grjade
and| the same nominal thickness. Different aceeptance 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 3,0 t, each coil shall\constitute an acceptance unit.

Except by special agreement, the sathe rules apply to the inspection of deviation from|the
shepring line (internal stresses), suitability for cutting,-surface insulation coating resistance [and

tolerances-of- shape-and-dimensjons on geometrical characteristics.

When the products are delivered in the form of slit coils, the test results applying to the pafent
uhit| coil of the acceptance unit shall apply.

8.2| Selection of samples

Tesf samples shall‘be taken from each acceptance unit.
Thelfirst internal turn and last external turn of the coil shall be considered as wrapping and| not
as represgntative of the quality of the rest of the coil. The selection shall be made from the first

intefnal(or* external turns, excluding the wrapping turn, and outside any welding zone$ 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 verify the various properties.

8.3 Preparation of test specimens

8.3.1 Magnetic properties

8.3.1.1 Epstein frame

For the measurement of magnetic polarization and specific total loss using the 25 cm Epstein
frame in accordance with IEC 60404-2, 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 the tolerance of + 0,5 mm,;
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— width 30 mm within the tolerance of + 0,2 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 cutting is + 1°.

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 specimens shall be subjected to a stress relief heat
treatment in accordance with the manufacturer's specification.

In t?te case of measurements of specific total loss on aged test strips, these shall be agedi by
heafing at (225 + 5) °C for a duration of 24 h and shall be cooled to ambient temperatue.
8.3.1.2 Single sheet tester (SST)

tr-the-case-where For the measurement of magnetic polarization and of specific'total loss-ghalt
be-frade using the single sheet tester (SST) method specified in IEC 60404-3\(see-8-4-2-belpw),

the |test specimen—for-the-singlesheettester shall consist of one sheetChaving the following
dimensions:

— |ength from 500 mm to 610 mm;

The value of 500 mm is recommended;

— width from 300 mm to 500 mm;

t is recommended to use width values between 450 mim to 500 mm.

All the test specimens shall be cut parallel to the difection of rolling. The permitted tolergnce
for the angle between the direction of rolling and the€ direction of cutting is + 1°.

As flar as possible, the selection of test-specimens shall be made uniformly across the width of
the |product and consist of a numbeiTepresentative of the full width of the strip. The Jtest
spegimens shall be carefully cut without deformation. Cutting shall be carried out only with well
shafpened tools.

The]single sheet test specifngn shall not be heat treated.
An aging test on single-Sheet test specimen is not appropriate.

8.3.2 Geometrical characteristics and tolerances

For[the measurement of thickness, width,-flatress edge wave (wave factor), residual curvatpre,
dev|ation fromirthe shearing line (internal stress) and edge camber, the test specimen ghall
conpist of-assheet or a-2 1 m length of sheet or strip.

For|the measurement of the residual curvature of the vertical method, the test specimen ghall

consist of a sample (500 +6’° ) mm in length and of width equal to the delivery width of the

product.

Tolerance on the length of the test specimen may be agreed between the manufacturer and 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 24 strips of the same size; in case of dispute, the
test shall be made with 100 strips.-Fhey The strips shall have a width of at least 20 mm and a
surface area of at least 5 000 mm2, 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. Epstein strips may be used for this test (see IEC 60404-13).
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3.2 Number of bends

020

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 direction of rolling.

The

The

edge of the product shall not constitute one side of the test specimen.

test specimens shall be carefully cut without deformation.

8.3.

For
the
50 1

For
insu
mairi

Bef
nee

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

products with a width less than 600 mm-wide, the selection of strips for-inspectio
lation coating resistance shall be subject to agreement—when—ordeking between
ufacturer and the purchaser at the time of enquiry and order.

pre the measurements, depending on the agreement (see 7.3.5),-the test specimen

of the manufacturer.

33 I lati . ist
tLver

e.g.

h of
the

may

[ to be-heat-treated given a stress relief heat treatment in accoerdance with the specification

8.4| Test methods

8.4.11 General

Forleach specified property, one test shall be carriedout per acceptance unit. Unless otherwise

spetified, the tests shall be made at a temperature of (23 + 5) °C.

8.4 Magnetic properties

e [

NOTE —As-an-alternative-to-the-Epstein-method;-the-single sheettester (SST)-described-in lEC60404-3-can-be psed

by-afreement-between-the-manufacturerand-purchaserat-thetime-of-enquiry-and-order—n-thiscase-the-spegified

valugs-to-be-obtained-with-the-single-sheet-tester-can-also-be-subject-to-agreement—The relationships-between-the

SSFHand-Epsteintestresults-which-are-givenin-AnrnexGC-oHEC60404-3-4992/AMDB1:2002-can-beused-as—a-gyide-

Eorlthe-grades-of domain-refined-products(see Table 2) the testshallbe made using-the-sihgle

grages-of-aomatn-retiea-producis{seetable2)the-test shatbe-maage-using-the-stpgie

shept tester-specifiedinI1BECI60404-3—accordingto-the-instructions—of the-manufacturer{Fhe
2 pecitea+n—+=66-60404-3,—accordingtotheinstructions—otthemanutacturer—tne

In the cases of conpventional grades (see Table 1) and of high permeability grades (see Table

2)t
alte
3m
and
sub

ordqar.

he test shall be.made using a 25 cm Epstein frame in accordance with IEC 60404-2. As an
rnative to thetEpstein method, the single sheet tester (SST) method specified in IEC 60404-
hy be us€d'by agreement between the manufacturer and the purchaser at the time of enquiry
order—hn this case the specified values to be measured by the SST method may alsg be
ect to)agreement between the manufacturer and the purchaser at the time of enquiry fand

In the case of magnetic domain refined high permeability grades (see Table 3), the test shall
be made using an SST in accordance with IEC 60404-3.

There are technologies of heat proof magnetic domain refinement which result in samples that
withstand the annealing without changing the magnetic properties (i.e. the specific total loss).
In that case the Epstein method specified in IEC 60404-2 shall be used with annealing the
Epstein test specimen. The manufacturer shall inform the purchaser on the application of the

Eps

8.4.
8.4.

tein method at the time of enquiry and order.

3 Geometrical characteristics and tolerances
3.1 Thickness

The measurement of thickness shall be made at any point located-mere-than40 at least 20 mm
from the edges. For products of a width less than-80 40 mm, the measurement of thickness
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shall be made along the longitudinal axis (rolling direction) of the-sheet-er-strip product. This
measurement shall be made using a micrometer—with—anr—aeedracy having a resolution of
0,001 mm.

8.4.3.2 Width

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

8.4.3.3 Edge wave (wave factor)

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

8.43.4 Residual curvature

TIh residual curvature in the lon
+He—festaua—edrvature—i the—o+

accprdance-with 1EC 60404-9-

Thel| residual curvature in the longitudinal axis (rolling direction) of the product shall be
detgrmined in accordance with IEC 60404-9.

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

8.43.6 Burr height
Thel burr height shall be determined in accordance with IEC*60404-9.

8.4.|: Technological characteristics
8.44.1
The| stacking factor shall be measured in accordance with IEC 60404-13.

Stacking factor

8.4.4.2 Number of bends

Theltest consists of bending the test specimen through 90° alternately to each side of its initial
pos|tion,according to the method of bending defined by ISO 7799. The radius of bending chgsen
sha|l be 5 mm.

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

The| test shall be continued.until the number of bends specified in 7.3.3 is reached withouf an
occpirrence of cracks. Alternatively, the test shall be stopped on the appearance of the first
cragk in the base metalvisible to the naked eye (any audible crack should also be inspectegl by
the |naked eye to ¢onfirm base metal failure), or when sudden failure occurs by fracture. [The
last|bend shall not be counted.

NOTE The procedure of the reverse bend test can be found in IEC TR 63114.

8.4.4.3 Deviation from the shearing line (internal stresses)

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

8.4.4.4 Insulation coating resistance

The insulation coating resistance shall be measured in accordance with IEC 60404-11 on both
sides of the product. Other test methods may be used by agreement between the manufacturer
and the purchaser at the time of enquiry and order.

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
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020

delivery shall be considered to conform to 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 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
10

Inte
met

The

In a
11

For
incl

purchaser at the time of-erdering enquiry and order.

Comptaints
Irnal or external defects shall justify a complaint only if they are clearly prejudicialto
hod of working or the judicious use of the product.

purchaser shall give to the manufacturer the opportunity of convincing\himself of

fairrlvess of the claim by presenting the product in dispute and evidence for thé.complaint.

| cases, the terms and conditions of complaints shall be in accordance’with ISO 404.
Information to be supplied by the purchaser

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

he quantity;

he type of product (strip or sheet);

he number of this document (IEC 60404-8-7);

he steel name-ernumber (see Clause 5);

he dimensions of strips or sheets reguired (including any limitations on the exte
Hiameter of a coil) (see 6.2 and 7.2.2);

any limitations on the mass of a coil or a bundle of sheets (see 6.2);
any special requirement about\residual curvature (see 7.2.85);
bny special requirement about insulation coating resistance (see 7.3.5);

bny special requirement-regarding the thickness measurement and tolerance across
vidth of narrow strip\(see 7.2.1 and 8.4.3.1);

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

whetheror not the product can be delivered in a magnetic domain refined-condition stat

hny technology (see-Table-2foothote-b) heatproof or non-heatproof).

the

the

hall

rnal

the

1);

bny special_fequirement about the specified values to be measured by the single sheet
festing tesfer(SST) method (see 8.4.2);

e by
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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

020

FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization compri
Il national electrotechnical committees (IEC National Committees). The object of IEC is to prémote 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 Specifications; 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-governmental organizations lia
ith the IEC also participate in this preparation. IEC collaborates closely with_the:Ihternational 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{as nearly as possible, an internat
onsensus of opinion on the relevant subjects since each technical committee has representation frof
terested IEC National Committees.

FC Publications have the form of recommendations for international use and are accepted by IEC Nat
ommittees in that sense. While all reasonable efforts are miade to ensure that the technical content off
isinterpretation by any end user.

h order to promote international uniformity, IEC Natioehal Committees undertake to apply IEC Publica

ny IEC Publication and the corresponding national'of regional publication shall be clearly indicated in the I4

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.

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

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

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

rnational~Standard IEC 60404-8-7 has been prepared by IEC technical committee
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68:

This—# 4 3
constitutes a technical revision.

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

insertion of a third class of grain-oriented electrical steels for magnetic domain refined high

permeability grades;

introduction of the single sheet tester (SST) method as reference measurement method for
this third class of material together with a conversion factor for transposition of the SST

measurement results to equivalent Epstein values;
update of the electrical steel range to take account of the current offers and demand

grades.

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

CDV Report on voting
68/641/CDV 68/657/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 ligt of all the parts in the TEC 60404 series, published under the general fitle Magretic
materials, can be found on the IEC website.

Thel committee has decided that the contents of this document will remain unchanged' untilfthe
stahility date indicated on the IEC website under "http://webstore.iec.ch" in the data related to
the gpecific document. At this date, the document will be
e feconfirmed,

e Wwithdrawn,

o feplaced by a revised edition, or

e amended.
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INTRODUCTION

This revision of International Standard IEC 60404-8-7 has been prepared by the experts of the

Wo

rking Group 1 of the IEC technical committee 68: Magnetic alloys and steels.

The insertion of a third class of electrical steels for magnetic domain refined high permeability
grades is the main reason of this revision. Most of the technologies of magnetic domain
refinement result in material that does not withstand the stress relief annealing after cutting
without changing the magnetic properties (i.e. the specific total loss). In the case of this
material, the Epstein method according to IEC 60404-2, requiring the annealing of the Epstein
test specimens, is not suitable. Therefore, the single sheet tester (SST) method specified in
IEC|60404-3 is employed for such non-heatproof magnetic material.

The

refinped high permeability grades was preceded by intense discussions within IEC/TE 68.

Thel| specific total loss measured by use of the SST specified in IEC 60404-3 ténds to be la
than the value measured by the use of the Epstein frame in accordance with\IEC 60404-2.

mag

the

The
a cd

value measured by the use of the Epstein frame.

in the quality characteristics ratio of conventional grain-oriented’electrical steel grades an
high permeability grades (Epstein related loss values) to the magnetic domain refined

permeability grades (SST related loss values), particularly' over the transition zone betw
theg

qua
the
low

Con

specific total loss, compared with the lower values obtained by the Epstein method on
br quality materials.

elegtrical steel led to the consented valug of F; = 0,925 to be applied to the specific total
valyes at 1,7 T measured by the SST-method.

Thel magnetic polarization of magnetic domain refined high permeability grades at H# = 800
is the value taken from the SST measurement without conversion to an equivalent Epstein
valye.

Con

Table 3 as a new class of grain-oriented electrical steel strip and sheet.

sequently, the magnetic domain refined high permeability grades will be listed in a new

introduction of the SST as the reference measurement method for these magnetic-domain

rger
The

netic polarization at # = 800 A/m measured by use of the SST tends té/be a little lower than

significant difference between Epstein and SST loss results made it necessary to introduce
nversion factor, F., applied to the SST results. This conversion-factor is to create continuity

d of
nigh
een

e grades. Otherwise, it could be confusing to thesers of this document that the higher
Jity materials assessed by the SST method would\be listed with seemingly higher valuels of

the

siderations of the widely spread grades(of domain refined high permeability grain-orienpted

0ss

A/m
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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

Thig
she

OB
\IV'JG

part of IEC 60404 defines the grades of cold-rolled grain-oriented electrical steel-strip

parficular, it gives general requirements, magnetic properties, geometric characteris

tole
This
in th
circ

The

The
2

The
con
For
amg

IEC

IEC
and

IEC

IEC
steq

IEC

fances and technological characteristics, as well as inspection procedures:

Liits.
grades are grouped into three classes:

conventional grades;

high permeability grades;

magnetic domain refined high permeability grades:

y correspond to Class C22 of IEC 60404-1.

Normative references

following documents are referred to in 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, Maghetic materials — Part 1: Classification

60404-1-9,-Magnetic materials — Part 1-1: Classification — Surface insulations of elect
| sheet, strip and laminations

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

of e

ecfrical steel strip and sheet by means of an Epstein frame

et in nominal thicknesses of 0,20 mm, 0,23 mm, 0,27 mm, 0,30 mm and 0,35 mm|

and
In
cs,

document applies to Goss textured grain-oriented electrical steel strip.and sheet supplied
e final annealed condition in coils or sheets, and intended for the censtruction of magnetic

tent
ies.
any

rials

rical

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 60404-11, Magnetic materials — Part 11: Method of test for the determination of surface
insulation resistance of magnetic sheet and strip

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

and

ISO

stacking factor of electrical steel strip and sheet

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

IEC 60050-221 and the following apply.

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

addresses:

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

3.1

edge wave

wayve factor

variptions of flatness of a length of strip or a sheet taking a form of waves at,the slit edge off
product

Notel 1 to entry: The edge wave is characterized by the wave factor which is the_relation of the height of the
to it length, expressed as a percentage.

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

3.2
residual curvature

variptions of flatness of a length of strip or a sheet taking a permanent curvature in the ro
direction of the product

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

3.3
edge camber

—

he

ave

ling

greatest distance between a longitudinal edge of a length of strip or a sheet and the line joining

the fwo extremities of the measured Tength of this edge
[SOURCE: IEC 60404-9:2018, 3:3]

3.4

devjiation from the shearing line
intefnal stress

greatest distance between corresponding points on the two sheared edges of a length of s
or g sheet sheared-in the middle of the width, in parallel to the rolling direction of the prod
whi¢h charactérizes the internal stress of the materials

[SOURCE:EC 60404-9:2018, 3.4]
3.5

number ot bends

trip
uct,

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 prior to when sudden failure occurs

by fracture
[SOURCE: IEC TR 63114:2018, 3.2]

4 Classification

The grades covered by this document are classified according to the specified value of
maximum specific total loss at a magnetic polarization of 1,7 T and 50 Hz, in watts per kilogram,
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and according to the nominal thickness of the product? (0,20 mm, 0,23 mm, 0,27 mm, 0,30 mm

and
5

The

0,35 mm).
Designation

steel name comprises the following in the order given:

1) a 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) LA~ huudlcd t;IIICO thU IIUIII;IIG: th;ulr\llcoo Uf thc pluduut, ;II III;“;IIIUtUIO,
4) the characteristic letter

“S” for conventional grades;

“P” for high permeability grades;

“R” for magnetic domain refined high permeability grades;
5) pne tenth of the frequency 50 Hz, i.e. 5.
EXAMPLE M120-30S5 for cold-rolled grain-oriented electrical steel strip or sheet(of conventional grade wjth a
maxiimum specific total loss of 1,20 W/kg at 1,7 T and 50 Hz, and a nominal thickness of 0,30 mm, supplied in the
fully{processed state.
6 |[General requirements
6.1 Production process
The| production process of the steel and its chemical~Composition are left to the discretiop of
the manufacturer.
6.2| Form of supply
The| product is supplied in coils in the case.of*strip or in bundles in the case of sheets.
The|l mass of the coils or bundles of shegets shall be agreed between the manufacturer and|the
pur¢haser at the time of enquiry and.order.
Thelrecommended value for the internal diameter of coils is approximately 508 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 sufficiéntly tightly wound in order that they do not collapse under their own weight.
Strip may exhibif\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 purchasgr at
the time-of.énquiry and order.
For|coils containing repair welds or interleaves, each part of the strip shall be of the sagme
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

6.3

approximately perpendicular to the top face.

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

1 In the rest of the document, the word "product" is used to mean "strip and sheet".
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in accordance with IEC 60404-1-1. Other types of coating exist which are used only when
particularly specified.

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

The insulation coating present on the surface of the product shall be sufficiently adherent so
that it does not become detached during core manufacturing operations or heat treatment under
conditions specified by the manufacturer.

If tHe product is to be immersed in a fluid, an agreement between the manufacturer<and|the
pur¢haser, initiated by the purchaser, should be reached to ensure compatibility between|the
fluid and the coating.

6.5| Suitability for cutting
The| product shall be suitable for cutting accurately into the usual shapessat any point when
appfopriate cutting tools are used.
7 |Technical requirements

71 Magnetic properties
71N General

The|properties defined in 7.1.2 and 7.1.3 shall apply to products in the delivery condition defined
in 6]3 and to the aged condition defined in 8.3.1.1 and\8.3.1.2.

The| Epstein strips shall receive a stress relief heat treatment after cutting under conditions
spegified by the manufacturer.

Thel|test specimen for the single sheet tester (SST) method shall not be heat treated.

71 Magnetic polarization
The|specified minimum values of pe€ak magnetic polarization at the peak magnetic field strepgth
of 800 A/m at 50 Hz or 60 Hz shall’be as given in Tables 1 to 3.
718 Specific total loss

The|specified values of maximum specific total loss at 50 Hz or 60 Hz shall be as given in Table
1, Tlable 2 and Table 3,

714 Magnetic properties of magnetic domain refined high permeability grades

Thel magneti¢<{properties® are measured in accordance with the single sheet tester method
spetified inMEC 60404-3.

In Tlakle;3, the specific total loss at 1,7 T and 50 Hz or 60 Hz is treated on the basis of an
equ X 1 o
50 Hz or at 60 Hz by a conversion factor, F., equal to 0,925.

The conversion factor, F,, for non-specific values, e.g. at 1,5 T, may be subject to agreement
between the manufacturer and the purchaser at the time of enquiry and order.

In Table 3, the magnetic polarization at # = 800 A/m is measured in accordance with the SST
method without conversion to an equivalent Epstein value.

2 Not to be confused with some coloration of the insulating coating inherent to the manufacturing process.

3 The specific total loss measured by an SST specified in IEC 60404-3 tends to be higher than the value measured
by an Epstein frame specified in IEC 60404-2. The magnetic polarization at # = 800 A/m measured by an SST
tends to be a little lower than the value measured by an Epstein frame.
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There are technologies of heatproof magnetic domain refinement which result in samples that
withstand the annealing without changing the magnetic properties (i.e. the specific total loss).
In that case the Epstein method according to IEC 60404-2 shall be used with annealing the
Epstein test specimen. The manufacturer shall inform the purchaser on the application of the
Epstein method at the time of enquiry and order.

Table 1 — Technological and magnetic properties of the conventional
grades of grain-oriented electrical steel strip and sheet (magnetic properties are
measured using the Epstein method according to IEC 60404-2)

Steel name Nominal Maximum specific total | Maximum specific total Minimum Minimum
thickness Toss at 1,5 1 Toss at 1,7 1 magnetic stacking
polarization at factor
Wikg Wikg H =800 A/m?
mm at 50 Hz at 60 Hz at 50 Hz at 60 Hz T
M110-23S5 0,73 0,96 1,10 1,45 1,78
0,23 0,94
M120-23S5 0,77 1,01 1,20 1,58 178
M110-27S5 0,77 1,02 1,10 1,48 1,80
M120-27S5 0,27 0,80 1,07 1,20 1,58 1,78 0,950
M130-27S5 0,85 1,12 1,30 1,71 1,78
M120-30S5 0,83 1,13 1,20 1,58 1,80
M130-30S5 0,30 0,85 1,15 1,30 1,71 1,78 0,95b6
M140-30S5 0,92 1,21 1,40 1,84 1,78
M135-35S85 0,97 1,29 1,35 1,78 1,80
M145-3585 0,35 1,03 1,36 145 1,91 1,78 0,960
M155-35S5 1,07 1,41 1,55 2,04 1,78

t has been common practice for many years to'dive values of magnetic flux density. In fact the Epstein frame
s used to determine magnetic polarization (intrinsic flux density) which is defined as

J = B — 1oH
here

V' is the magnetic polarization;

B is the magnetic flux density;

1o is the magnetic constant: 47X 1077 H-m™";

F is the magnetic field strength.

The difference between Band.J at H = 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 electrical steel strip and sheet (magnetic properties are
measured using the Epstein method according to IEC 60404-2)

Steel name Nominal Maximum specific total loss Minimum Minimum
thickness at1,7T magnetic stacking
W/kg polarization at factor
H=800A/m?
mm at 50 Hz at 60 Hz T
M85-23P5 0,85 1,12 1,88
M90-Z3P5 0,90 T.18 T.87
0,23 0,945
M95-23P5 0,95 1,25 1,87
M100-23P5 1,00 1,32 1,85
M90-27P5 0,90 1,19 1,88
M95-27P5 0,95 1,25 1,88
0,27 0,950
M100-27P5 1,00 1,32 1,88
M110-27P5 1,10 1,45 1,88
M95-30P5 0,95 1,25 1,88
M100-30P5 1,00 1,32 1,88
M105-30P5 0,30 1,05 1,38 1,88 0,955
M110-30P5 1,10 1,45 1,88
M120-30P5 1,20 1,58 1,85
M115-35P5 1,15 1,51 1,88
M125-35P5 0,35 1,25 1,64 1,88 0,960
M135-35P5 1,35 1,77 1,88

Thel

t has been common practice for many years‘to give values of magnetic flux density. In fact the Epstein frame
s used to determine magnetic polarization{(intrinsic flux density) which is defined as

J = B — uoH
here

/ is the magnetic polarization;

B is the magnetic flux density;

1o is the magnetic constant: 4 n x 1077 H-m™";

F is the magnetic field Strength.

difference between B-and J at # = 800 A/m is equal to 0,001 T.
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Table 3 — Technological and magnetic properties of magnetic domain
refined high permeability grades of grain-oriented electrical steel strip
and sheet (magnetic properties are measured using the Single Sheet Test method*
according to IEC 60404-3).

Steel name Nominal Maximum specific total loss Minimum Minimum
thickness at1,7 T* magnetic stacking
polarization at factor
Wikg H =800 A/m 2
mm at 50 Hz at 60 Hz T
MZ0.20R5 n‘7n n’oo 1’91‘:
0,20 0,940
M75-20R5 0,75 0,99 1,85
M75-23R5 0,75 0,99 1,85
M80-23R5 0,80 1,05 1,85
0,23 0,945
M85-23R5 0,85 1,12 1,85
M90-23R5 0,90 1,18 1,85
M85-27R5 0,85 1,12 1,85
M90-27R5 0,27 0,90 1,18 185 0,950
M95-27R5 0,95 1,25 1,85

t has been common practice for many years to give values of mdgnetic flux density instead of value$ of
magnetic polarization (intrinsic flux density) which is defined as:

) = B — uoH
here
U is the magnetic polarization;
B is the magnetic flux density;
1o is the magnetic constant: 4 © x 1077 H-m™";
(H is the magnetic field strength.
The difference between B and J at H = 800 A/m is\equal to 0,001 T.

The values of the specific total loss are (@iven by the results of the SST measurements multiplied by|the
conversion factor, Fc, as described in 7:1\4. In the case of heat-proof DR materials, when the Epstein method
s to be applied (7.1.4), the listed values are to be considered as the grade limit loss values as measyred
Hirectly by the Epstein method.

7.2 Geometric characteristics and tolerances
7.2 Thickness

Thel nominal thickngesses of the product are 0,20 mm, 0,23 mm, 0,27 mm, 0,30 mm Jand
0,3% mm.

Forlthickness)tolerance, a distinction is made between

— the deviation from the nominal thickness within the same acceptance unit;

bha diffaranoca 10 thanlca o 1
TC—CTmTeTCT IO T o eIk e oo 1t

direction of rolling;

elte! the

— 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.

At any point, the deviation from the nominal thickness within an acceptance unit shall not
exceed the tolerances of Table 4. The additional thickness due to welds with respect to the
measured thickness of the product shall not exceed 0,050 mm.

The difference in thickness in a sheet or in a length of strip of 1 m in a direction parallel to the
direction of rolling shall not exceed 0,030 mm.

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
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made at least 20 mm from the edges (see 8.4.3.1). For narrow strips, other agreements may be
needed.

Table 4 — Tolerances on nominal thickness

Nominal thickness Tolerance
mm mm
0,20 + 0,020
0,23 + 0,023
0,27 + 0,027
0,30 + 0,030
0,35 + 0,030

7.22 Width
Thel commonly available nominal widths are less than or equal to 1 000 mm:-

The|product can be supplied either in a width chosen from the specific range of the manufactyurer
or im the finally used width.

For|products supplied in a width chosen from the specific, fange of the manufacturer,|the

permitted tolerances shall be +% mm;

For|products supplied in the finally used width, the telerances of Table 5 shall apply.

Table 5 — Toleranceson nominal width

Nominal width / Tolerance 2

mm mm

1<150 0
- -0,2

150 <./ € 400 0
~ -0,3

400 </ <750 0
- -0,5

750 </ <1000P 0
- -0,6

/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.

b 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.

For products supplied with as-rolled edges, tolerances on geometric characteristics shall be
subject to agreement 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+8’5 %, but
with a maximum of + 6 mm.

7.2.4 Edge wave (wave factor)

The verification of the edge wave applies only to products with a width greater than 150 mm.
The wave factor (see 8.4.3.3) shall not exceed 1,5 %.
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