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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MAGNETIC MATERIALS -

Part 15: Methods for the determination of the relative
magnetic permeability of feebly magnetic materials

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization ccmpr.ing
all national electrotechnical committees (IEC National Committees). The object of IEC is<to p amote
international co-operation on all questions concerning standardization in the electrical and elec onic fie.ds. To
this end and in addition to other activities, IEC publishes International Standards, Technical S ecifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter re‘erred 10 as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Cc nmittee interested
in the subject dealt with may participate in this preparatory work. International, .govc:mmental and non-
governmental organizations liaising with the IEC also participate in this preparation. 1.°C col aborates closely
with the International Organization for Standardization (ISO) in accordance with conao.ions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nea 'v 25 possible, an international
consensus of opinion on the relevant subjects since each technical cemmittee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for internatio~.ci us> and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made ‘o ersure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the =*.y in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC Natioral Con.nittees undertake to apply IEC Publications
transparently to the maximum extent possible in their ~atichal and regional publications. Any divergence
between any IEC Publication and the corresponding nationai or regional publication shall be clearly indicated in
the latter.

5) IEC itself does not provide any attestation of © ¢nfurmity. Independent certification bodies provide conformity
assessment services and, in some areas, access v IEC marks of conformity. IEC is not responsible for any
services carried out by independent certifica. on © .dies.

6) All users should ensure that they have the ate.t edition of this publication.

7) No liability shall attach to IEC or its dire >tors, employees, servants or agents including individual experts and
members of its technical commitic=s < nd IEC National Committees for any personal injury, property damage or
other damage of any nature w. atsucver, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the rublcation, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to-.i.» Nurmative references cited in this publication. Use of the referenced publications is
indispensable for th< corr. ct application of this publication.

9) Attention is drawn to t = possibility that some of the elements of this IEC Publication may be the subject of
patent rights. .= shall noc be held responsible for identifying any or all such patent rights.

DISCLAIMER

This Chnsolidated version is not an official IEC Standard and has been prepared for

uter canvenience. Only the current versions of the standard and its amendment(s)
ure *0 be considered the official documents.

Ti.is Consolidated version of IEC 60404-15 bears the edition number 1.1. It consists of
the first edition (2012-09) [documents 68/442/FDIS and 68/443/RVD] and its
amendment 1 (2016-12) [documents 68/531/CDV and 68/544/RVC]. The technical content
is identical to the base edition and its amendment.

This Final version does not show where the technical content is modified by
amendment 1. A separate Redline version with all changes highlighted is available in
this publication.
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International Standard IEC 60404-15 has been prepared by IEC technical committee 68:
Magnetic alloys and steels.

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

A list of all the parts in the IEC 60404 series, under the general title Magnetic materials, can
be found on the IEC website.

The committee has decided that the contents of the base publication and its amendment will
remain unchanged until the stability date indicated on the IEC web site under
"http://webstore.iec.ch" in the data related to the specific publication. At this date, the
publication will be

e reconfirmed,
e withdrawn,
e replaced by a revised edition, or

e amended.
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INTRODUCTION

The determination of the relative magnetic permeability of feebly magnetic materials is often
required to assess their effect on the ambient magnetic field. Typical feebly magnetic
materials are austenitic stainless steels and "non-magnetic" brass.

The relative magnetic permeability of some of these materials can vary significantly with the
applied magnetic field strength. In the majority of cases, these materials find application in the
ambient earth's magnetic field. This field in Europe is 35 A/m to 40 A/m, in the far East, it is
25 A/m to 35 A/m and in North America, it is 25 A/m to 35 A/m. However, at present, methods
of measurement are not available to determine the relative magnetic permeability of feebly
magnetic materials at such a low value of magnetic field strength.

Studies of the properties of feebly magnetic materials have been carried out, primarily wit.» a
view to the production of improved reference materials. These studies have sho'vn |111 't it
is possible to produce reference materials which have a substantially constcnt relative
magnetic permeability over the range from the earth's magnetic field to at Irast a magnetic
field strength of 100 KA/m.

Since conventional metallic materials can also be used as reference n aternals their relative
magnetic permeability can be determined using the reference me.hod. 't Is important that the
magnetic field strength used during the determination of the relative m-gnetic permeability is
stated for all materials but in particular for conventional matzrials since the changes with
applied magnetic field can be large. This behaviour also nee? -t~ be considered when using
reference materials made from conventional materials to calibrote comparator methods. This
is because these methods use magnetic fields that very thrcugh the volume of the material
being tested and this makes it difficult to know the .=la.'ve magnetic permeability to use for
the calibration.

Where the effect of a feebly magnetic material on the ambient earth's magnetic field is critical,
the direct measurement of this effect using a sensitive magnetometer should be considered.

1 Figuresin square brackets refer to the bibliography.
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MAGNETIC MATERIALS -

Part 15: Methods for the determination of the relative
magnetic permeability of feebly magnetic materials

1 Scope

This part of IEC 60404 specifies a solenoid method, a magnetic moment method, a magetic
balance method and a permeability meter method for the determination of the i»lau ‘e
magnetic permeability of feebly magnetic materials (including austenitic stainless ste=l). The
magnetic balance and permeability meter methods are both comparison metheds<cali. rated
using reference materials to determine the value of the relative magnetic perme.bili.0f the
test specimen. The relative magnetic permeability range for each of these methods is shown
in Table 1. The methods given are for applied magnetic field strengths of betw»en 5 kA/m and
100 kA/m.

Table 1 — Relative magnetic permeability ranges for the mcthod'< described

Measurement method Relative magnetic perm;)ility range
Solenoid ;_'7 2t 2
Magnetic moment 1,?03 to 1,2
Magnetic balance _;,003 to5
Permeability meter N 1,003 to 2

NOTE 1 The relative magnetic permeability range iven for the magnetic balance method covers the inserts
provided with a typical instrument. These can only v~ c¢ssessed at values for which calibrated reference materials
exist.

NOTE 2 For a relative magnetic permcabili viiar jer than 2, a reference material cannot be calibrated using this
written standard. A note of this is given. il. the 25t report explaining that the values measured using the magnetic
balance are for indication only.

The solenoid method is the :2ference method. The magnetic moment method described is
used mainly for the measur:meat of the relative magnetic permeability of mass standards.

Two comparator mathois used by industry are described. These can be calibrated using
reference materials 1ov“which the relative magnetic permeability has been determined using
the reference <i.=thod. Vhen suitable, the magnetic moment method can also be used. The
dimensior.s 0. the reference material need to be given careful consideration when determining
the uncertainty n the calibration value due to self-demagnetization effects. See Annex A for
more in‘ormation on correcting for self-demagnetization.

. Norm ative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the Ilatest edition of the referenced document (including any
amendments) applies.

IEC 60050 (all parts), International Electrotechnical Vocabulary (available at
<http://www.electropedia.org/)
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