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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

nternational Electrotechnical Commission (IEC) is a worldwide organization for standardization conprising
htional electrotechnical committees (IEC National Committees). The object of IEC is to pramote intefnational
beration on all questions concerning standardization in the electrical and electronic fields. To this end and
dition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
cly Available Specifications (PAS) and Guides (hereafter referred to as “IECxPublication(s)]). Their
Aration is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
participate in this preparatory work. International, governmental and non-govefnmental organizationg liaising
the IEC also participate in this preparation. IEC collaborates closely with theyInternational Organizption for
Hardization (ISO) in accordance with conditions determined by agreement between the two organizations.

ormal decisions or agreements of IEC on technical matters expresssasnearly as possible, an intefnational

conslensus of opinion on the relevant subjects since each technical*committee has representation [from all

inter

3) IEC
Com
Publ
misif

4) In o
trans
any

bsted IEC National Committees.

Publications have the form of recommendations for international use and are accepted by IEC National
mittees in that sense. While all reasonable efforts are niade’ to ensure that the technical content of IEC
cations is accurate, IEC cannot be held responsible\for the way in which they are used or|for any
terpretation by any end user.

der to promote international uniformity, IEC National Committees undertake to apply IEC Pubjications
parently to the maximum extent possible in theichational and regional publications. Any divergence petween
EC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.

5) IEC

Intern
Magne

tself does not provide any attestation of (€onformity. Independent certification bodies provide cgnformity
sment services and, in some areas, access to IEC marks of conformity. IEC is not responsiblel for any

bility shall attach to IEC or-its;directors, employees, servants or agents including individual expgrts and
bers of its technical committees and IEC National Committees for any personal injury, property damage or
damage of any nature, whatsoever, whether direct or indirect, or for costs (including legal fdes) and
nses arising out of the\publication, use of, or reliance upon, this IEC Publication or any other IEC

tion is drawn te the Normative references cited in this publication. Use of the referenced publicgtions is

tion is drawmto the possibility that some of the elements of this IEC Publication may be the subject ¢f patent

tional) Standard |IEC 60404-8-7 has been prepared by IEC technical committee 68:
ic‘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

per
— intr

meability grades;
oduction 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 demands of

gra

des.
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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 list of all the parts in the IEC 60404 series, published under the general title Magnetic

H L L £ L L Lo O L -
materi 1S, calr o TourTdOIT thretH=Cwebsite:

The committee has decided that the contents of this document will remain unchanged’ uptil the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the, data related to
the specific document. At this date, the document will be
e recpnfirmed,

e withdrawn,

e replaced by a revised edition, or

e ampgnded.
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INTRODUCTION

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

Workin

g 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 60

404-3 is employed for such non-heatproof magnetic material.

The infroduction of the SST as the reference measurement method for these magnetijc cliomain

refined high permeability grades was preceded by intense discussions within IEC/TE'68,.

The s

than thle value measured by the use of the Epstein frame in accordance with IEC 60404
magnetic polarization at # = 800 A/m measured by use of the SST tends te be a little low
the value measured by the use of the Epstein frame.

The sig
a conv
in the

high p

permeability grades (SST related loss values), particulatly over the transition zone b

these
quality

the spécific total loss, compared with the lower values obtained by the Epstein method

lower (¢

Consid
electridg
values

The magnetic polarization of magnetic domain refined high permeability grades at H = 8

is the
value.

Conse
Table

cific total loss measured by use of the SST specified in IEC 60404-3 tends to bdg

nificant difference between Epstein and SST loss results made’it necessary to int

juality characteristics ratio of conventional grain-oriented ‘electrical steel grades
ermeability grades (Epstein related loss values) to the magnetic domain refing

prades. Otherwise, it could be confusing to the users of this document that the

uality materials.

erations of the widely spread gradestof domain refined high permeability grain-o
al steel led to the consented valuetof F. = 0,925 to be applied to the specific tof
at 1,7 T measured by the SST method.

value taken from the SST measurement without conversion to an equivalent H

huently, the magnetic domain refined high permeability grades will be listed in a 1
B as a new class of grain-oriented electrical steel strip and sheet.

larger
2. The
br than

roduce

ersion factor, F., applied to the SST results. This conversion-factor is to create conptinuity

and of
d high
ptween
higher

materials assessed by the SST method would.be listed with seemingly higher vaJues of

on the

riented
al loss

DO A/m
Fpstein

ew
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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

sheet jin nominal thicknesses of 0,20 mm, 0,23 mm, 0,27 mm, 0,30 mm and 0,35 mm. In
particular, it gives general requirements, magnetic properties, geometric charactdristics,
tolerances and technological characteristics, as well as inspection procedures!?

This p?rt of IEC 60404 defines the grades of cold-rolled grain-oriented electrical steel s}jp and

This chument applies to Goss textured grain-oriented electrical steel stripyand sheet stipplied
in the final annealed condition in coils or sheets, and intended for the censtruction of magnetic
circuitg.

The grades are grouped into three classes:

— corjventional grades;

— high permeability grades;

— mapnetic domain refined high permeability grades®
They cprrespond to Class C22 of IEC 60404-1.

2 Nadrmative references

The following documents are referred to inithe text in such a way that some or all of their ¢gontent
constitptes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest’edition of the referenced document (includirlg any
amendments) applies.

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

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

petrical

perties

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

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

ISO 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 |SQ Online browsing platform: available at http://www.iso.org/obp

3.1
edge wave

wave flactor
variatigns of flatness of a length of strip or a sheet taking a form of waves at the slit edgg of the
product

Note 1 tp entry: The edge wave is characterized by the wave factor which is the refation of the height of the wave
to its ler|gth, expressed as a percentage.

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

3.2
residujal curvature
variatipns of flatness of a length of strip or a sheet taking a permanent curvature in the|rolling
direction of the product

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

3.3
edge qamber
greatesgt distance between a longitudipal edge of a length of strip or a sheet and the linejoining
the tw@ extremities of the measured length of this edge

[SOURCE: IEC 60404-9:2018(3:3]

3.4
deviatjon from the shearing line
interndl stress

greates$t distance between corresponding points on the two sheared edges of a length pf strip
or a sheet sheared-in the middle of the width, in parallel to the rolling direction of the pfoduct,
which ¢haracterizes the internal stress of the materials

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

3.5

number of bends

counts of alternate bending in the reverse bend test prior to the appearance of the first crack in
the base metal of the specimen visible to the naked eye or 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 0,35 mm).

5 Designation

The 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) one hundred times the nominal thickness of the product, in millimeters;

4) the

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

EXAMPI
maximu
fully-pro

6 Geéneral requirements

6.1
The pr|

the manufacturer.

6.2
The pr

The mass of the coils or bundles of sheets shall be agreed between the manufacturer 3

purcha
The re

Strip s
inare

Coils s

characteristic fetter

“S” for conventional grades;

“P” for high permeability grades;

“R” for magnetic domain refined high permeability grades;

E M120-30S5 for cold-rolled grain-oriented electrical steel strip or sheet(of conventional grad
n specific total loss of 1,20 W/kg at 1,7 T and 50 Hz, and a nominal thickness of 0,30 mm, supplig
Cessed state.

Production process
pduction process of the steel and its chemical‘\composition are left to the discrg

Form of supply
bduct is supplied in coils in the case of strip or in bundles in the case of sheets.

ser at the time of enquiry and«érder.

commended value for thelinternal diameter of coils is approximately 508 mm.

jular manner and-the 'side faces of the coil are substantially flat.

hall be sufficiently tightly wound in order that they do not collapse under their own

Strip

betwegn the_manufacturer and the purchaser at the time of enquiry and order. If necessg
markinjg of(welds or interleaves may be agreed between the manufacturer and the purch
the time ©f €nquiry and order.

ay exhibitiwelds or interleaves resulting from the removal of defective zones if

P with a
d in the

tion of

nd the

hall be of constant width and wound in such a manner that the edges are superimposed

veight.

agreed
ry, the
aser at

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

proces

sing of the product.

Sheets which make up each bundle shall be stacked so that the side faces are substantially flat

and ap

proximately perpendicular to the top face.

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

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.

nd the
en the

fluid and the coating.

6.5 uitability for cutting
The prpduct shall be suitable for cutting accurately into the usual shapes.<at any poinf when
approgriate cutting tools are used.
7 Technical requirements

71 agnetic properties
711 General

The propperties defined in 7.1.2 and 7.1.3 shall apply to pfoducts in the delivery condition defined
in 6.3 Ind 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
specified by the manufacturer.

The tegt 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 sfrength
of 800 (A/m at 50 Hz or 60 Hz shal'be as given in Tables 1 to 3.
71.3 Specific total loss

The spgecified values of maximum specific total loss at 50 Hz or 60 Hz shall be as given in Table
1, Table 2 and Table 8.

7.1.4 Magnetic-properties of magnetic domain refined high permeability grades

The mpgnetic\pfoperties® are measured in accordance with the single sheet tester method
specified jin IEC 60404-3.

I Tb 2 H+P N P-¢ P-4 I | 4 7 T a0 L1 &0 Ll HP-a ol o | H £
n a C Y, UIC oyl tutarivoo at 1,71 I diiu JU TT14 UT UV TT4 To UToalTu UlT U1C Vdolo Ul n

equivalent Epstein value obtained by multiplying the SST measurement result at 1,7 T and
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 lossat1,5T lossat1,7 T magnetic stacking
polarization at factor
Wi/kg Wikg H=800A/m?
mm at 50 Hz at 60 Hz at 50 Hz at 60 Hz T
M110-R3S5 0,73 0,96 1,10 1,45 1,78
0,23 0,945
M120-R3S5 0,77 1,01 1,20 1,58 1,78
M110-R7S5 0,77 1,02 1,10 1,48 1,80
M120-R7S5 0,27 0,80 1,07 1,20 1,58 1,78 Q,950
M130-R7S5 0,85 1,12 1,30 1,71 1,78
M120-B0S5 0,83 1,13 1,20 N58 1,80
M130-B0S5 0,30 0,85 1,15 1,30 1,71 1,78 Q,955
M140-B0S5 0,92 1,21 1,40 1,84 1,78
M135-B5S5 0,97 1,29 1,35 1,78 1,80
M145-B5S5 0,35 1,03 1,36 1,45 1,91 1,78 Q,960
M155-B5S5 1,07 1,41 1,55 2,04 1,78

@ It hgs been common practice for many years to_give values of magnetic flux density. In fact the Epsteif frame
is uped to determine magnetic polarization (intfinsic flux density) which is defined as

J=B - uH
whdre
J is|the magnetic polarization;
B is|the magnetic flux density;
1o i$ the magnetic constant: 4w x 107 H-m™";
H iq the magnetic field strength.
The difference between B,and/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
M90-23P5 0,90 1,18 1,87
0.23 0,945
MPp5-23P5 0,95 1,25 1,87
M100-23P5 1,00 1,32 1,85
MPO0-27P5 0,90 1,19 1,88
MPp5-27P5 0,95 1,25 1,88
0,27 0,9p0
M100-27P5 1,00 1,32 1,88
M110-27P5 1,10 1,45 1/88
MP5-30P5 0,95 1,25 1,88
M100-30P5 1,00 1,32 1,88
M105-30P5 0,30 1,05 1,38 1,88 0,9p5
M110-30P5 1,10 1745 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 0,9p0
M135-35P5 1,35 1,77 1,88

@ It hgis been common practice for many years\to-give values of magnetic flux density. In fact the Epsteip frame
is uped to determine magnetic polarization.(intrinsic flux density) which is defined as

J =B - uH
whgre
J is|the magnetic polarization;
B is|the magnetic flux density;
1o i$ the magnetic constantid n x 107 H-m™";
H iq the magnetic field strength.
The difference between'B-.and J at H = 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
M70-20R5 0,70 0,92 1,85
0,20 0,940
MF5=26R5 8775 9799 485
MT5-23R5 0,75 0,99 1,85
M80-23R5 0,80 1,05 1,85
0,23 0,94p
M85-23R5 0,85 1,12 1,85
M$0-23R5 0,90 1,18 1,85
M85-27R5 0,85 1,12 1,85
M$0-27R5 0,27 0,90 1,18 1)85 0,95p
M$5-27R5 0,95 1,25 1,85

@ |t hps been common practice for many years to give values of magnetic flux density instead of vdlues of
magnetic polarization (intrinsic flux density) which is defined as:

J =B - uwH
whgre
J is|the magnetic polarization;
B ig the magnetic flux density;
1o i$ the magnetic constant: 4 n x 10~ H-m™";
H i the magnetic field strength.
The difference between B and J at H = 800 A/m is\€qual to 0,001 T.

* Thel values of the specific total loss are.given by the results of the SST measurements multiplied| by the
conpersion factor, Fc, as described in 7¥144. In the case of heat-proof DR materials, when the Epstein method
is tp be applied (7.1.4), the listed values are to be considered as the grade limit loss values as mgasured
directly by the Epstein method.

7.2 Geometric characteristics and tolerances
7.2.1 Thickness

The npminal thicknesses of the product are 0,20 mm, 0,23 mm, 0,27 mm, 0,30 mm and
0,35 mm.

For thickness-tolerance, a distinction is made between

— theldeviation from 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.

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 £+ 0030
0,35 + 0,030

7.2.2 | Width
The cdmmonly available nominal widths are less than or equal to 1 000 min;

The prpduct can be supplied either in a width chosen from the specific_range of the manufacturer
or in tHe finally used width.

For prpducts supplied in a width chosen from the specific rahge of the manufacturgr, the

permitfed tolerances shall be +% mm;

For praducts supplied in the finally used width, the tolefances of Table 5 shall apply.

Table 5 — Tolerances on’ nominal width

Nominal width / Tolerance 2

mm mm

1<150 0
- -0,2

150 < < 400 0
= -0,3

200 <[ <750 0
- -0,5

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

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

®  Nominal widths greater than 1 000 mm may be delivered. In this case, the tolerance

should-be-agreed-between-the-manufacturerand-the-purchaser-at-the-time-of-enguin—and
I L oy

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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7.2.5 Residual curvature
The verification of residual curvature applies only to products with a width greater than 150 mm.

A requirement concerning residual curvature may be subject to agreement between the
manufacturer and the purchaser at the time of enquiry and order.

Two methods for the determination of the residual curvature in the rolling direction of the product
are described in IEC 60404-9: a horizontal method and a vertical method. The horizontal
method is recommended from the aspect of worker’s safety.

e Horizontal method:

In this method the maximum distance hetween the test specimen and a flat surface table,
on |which the test specimen is placed, shall not exceed 17,5 mm for sheets and shall be
suljject to agreement for coils.

e Veiftical method:

In fhis method, the maximum distance between the bottom edge of the test specimgn and
the| supporting plate shall not exceed 35 mm for sheets and shall be subject to agrgement
for [coils.

7.2.6 Edge camber

The vgrification of edge camber does not apply to products gf‘width less than or equal to
150 min. The edge camber shall not exceed 0,5 mm for a measuring length of 1 m.

7.2.7 Burr height

The ddtermination of the burr height applies only to slitcoils delivered in the finally used width.
The measured burr height shall not exceed 0,025 mm.

7.3 FTechnological characteristics
7.3.1 Density
The dgnsity of cold-rolled grain-oriented;electrical steel is not specified.

The cgnventional value of density used to calculate the magnetic properties and the s{acking
factor $hall be 7,65 kg/dm3.

7.3.2 Stacking factor
The minhimum values shalt-be as specified in Table 1, Table 2 and Table 3.

7.3.3 Number of bends

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

7.3.4 Deviation from the shearing line (internal stress)

The prpducts shall be, as far as possible, free from internal stresses

The verification of 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 8.4.4.3).

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 O mm? / 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 an inspection document type 3.1 according 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 accordance
with ISO 10474 shall be specified when ordering. In this case, the delivery is divided into
acceptance units.

Each dcceptance unit shall comprise 3,0 T or the remaining fraction thereof of the sam¢g grade
and the same nominal thickness. Different acceptance units can be adopted by-special
agreement between the manufacturer and the purchaser at the time of enquiry and.order.

For colls of more than 3,0 t, each coil shall constitute an acceptance unit.

Excepfl by special agreement, the same rules apply to the inspection (of deviation from the
shearing line (internal stress), suitability for cutting, insulation coating resistance and tolefances
on gegmetrical characteristics.

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

8.2 Selection of samples

Test samples shall be taken from each acceptance unit.
The firgt internal turn and last external turn of the ¢oil shall be considered as wrapping gnd not
as repiesentative of the quality of the rest of the€oil. The selection shall be made from the first

internal or external turns, excluding the wrapping turn, and outside any welding zones or
interleaves.

In the ¢ase of sheets, the selection shall be made preferably from the upper part of the undle.

By chqgosing a suitable order for(the execution of the tests, the same sample shall s¢rve to
verify the various properties.

8.3 Preparation of test.specimens
8.3.1 Magnetic propetrties

8.3.1.1 Epstein-frame

For the measurement of magnetic polarization and specific total loss using the 25 cm Epstein
frame |[in aceordance with IEC 60404-2, the test specimen shall consist of a minimpum of
24 Epdteinttest strips having the following dimensions:

— length280mmto 320 mimn, the lengins peing equal within the tolerance or x* U,o M,

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

In the case of measurements of specific total loss on aged test strips, these shall be aged by
heating at (225 £ 5) °C for a duration of 24 h and shall be cooled to ambient temperature.
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8.3.1.2 Single sheet tester (SST)
For the measurement of magnetic polarization and of specific total loss using the single sheet
tester (SST) method specified in IEC 60404-3, the test specimen 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 cutfingis £ 1°.

As far ps possible, the selection of test specimens shall be made uniformly across'the width of
the product and consist of a number representative of the full width of the,strip. The test
specimens shall be carefully cut without deformation. Cutting shall be carriedyout only with well
sharpelned tools.

The simpgle sheet test specimen shall not be heat treated.
An agipg test on single sheet test specimen is not appropriate.

8.3.2 Geometrical characteristics and tolerances

For the measurement of thickness, width, edge wave/,(wave factor), residual curyature,
deviatipn from the shearing line (internal stress) and.€dge camber, the test specimeph shall
consis{ of a sheet or a 1 m length of sheet or strip.

For thg measurement of the residual curvature of the vertical method, the test specimen shall
consis{ of a sample (500 +%’5 ) mm in lengthvand of width equal to the delivery width| of the
product.
Tolerapce 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 tept specimen shall_¢onsist of at least 24 strips of the same size; in case of dispute, the
test shpll be made with-100 strips. The strips shall have a width of at least 20 mm and a gurface
area of at least 5000 mm?2, the tolerance on the width and length of strips being respdctively
equal o + 0,2/mm and + 0,5 mm. The test strips shall be carefully deburred before the test.
Epstein stripsimay be used for this test (see IEC 60404-13).

8.3.3.2 Number of bends

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

The test specimens shall be carefully cut without deformation.

8.3.3.3 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 with a width less than 600 mm, the selection of strips for inspection of insulation
coating resistance shall be subject to agreement between the manufacturer and the purchaser
at the time of enquiry and order.
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Before the measurements, depending on the agreement (see 7.3.5), the test specimen may
need to be given a stress relief heat treatment in accordance with the specification of the
manufacturer.

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

In the cases of conventional grades (see Table 1) and of high permeability grades (see Table
2) theJest shall be made using a 25 cm Epstein frame in accordance with TEC 60404-2] As an
alterndtive to the Epstein method, the single sheet tester (SST) method specified in IEC'60404-
3 may be used by agreement between the manufacturer and the purchaser at the time of enquiry
and orfer. In this case the specified values to be measured by the SST method.'may also be
subject to agreement between the manufacturer and the purchaser at the time of enqu|ry and
order.

In the pase 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 gre technologies of heat proof magnetic domain refinemérdtwhich result in samples that
withstgnd the annealing without changing the magnetic properties (i.e. the specific tota| loss).
In that| case the Epstein method specified in IEC 6040442 ‘shall be used with annealing the
Epstei:l: test specimen. The manufacturer shall inform the‘purchaser on the application| of the
Epsteipn method at the time of enquiry and order.

8.4.3 Geometrical characteristics and tolerances
8.4.3.1 Thickness

The measurement of thickness shall be made at any point located at least 20 mm from the
edges.[For products of a width less than*40 mm, the measurement of thickness shall be made
along fhe longitudinal axis (rolling direction) of the product. This measurement shall bg made
using @ micrometer having a resolution of 0,001 mm.

8.4.3. Width

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

8.4.3.
The wave factorshall be determined in accordance with IEC 60404-9.

Edge wave-(wave factor)

Residual curvature

The rgsidual curvature in the longitudinal axis (rolling direction) of the product shall be
deter H H i C 80404 Q

A CA-an B v an s

8.4.3.5 Edge camber
The edge camber shall be determined in accordance 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
8.4.4.1 Stacking factor
The stacking factor shall be measured in accordance with IEC 60404-13.
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