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1)

8)

9)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 4-9: Testing and measurement techniques —
Impulse magnetic field immunity test

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

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

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

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

No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

International Standard |EC 61000-4-9 has been prepared by subcommittee 77B: High
frequency phenomena, of IEC technical committee 77: Electromagnetic compatibility.

It forms Part 4-9 of the IEC 61000 series. It has the status of a basic EMC publication in
accordance with IEC Guide 107.

This second edition cancels and replaces the first edition published in 1993 and Amendment
1:2000. This edition constitutes a technical revision.

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

a) new Annex B on induction coil field distribution;

b) new Annex D on measurement uncertainty;

¢) new Annex E on mathematical modeling of surge waveform;
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d) new Annex F on characteristics using two standard induction coils;

e) new Annex G on 3D numerical simulations;

f) coil factor calculation and calibration using current measurement have been addressed in
this edition.

The text of this standard is based on the following documents:

CDhV Report on voting
77B/728/CDV 77B/7T45A/RVC

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

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

A list of all parts in the IEC 61000 series, published under the general title Electromagnetic
compatibility (EMC), can be found on the IEC website.

The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC website 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.

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

IEC 61000 is published in separate parts according to the following structure:

Part 1: General

General considerations (introduction, fundamental principles)
Definitions, terminology

Part 2: Environment

Description of the environment
Classification of the environment
Compatibility levels

Part 3: Limits

Emission limits

Immunity limits (insofar as they do not fall under the responsibility of the product
committees)

Part 4: Testing and measurement techniques

Measurement techniques
Testing techniques

Part 5: Installation and mitigation guidelines

Installation guidelines
Mitigation methods and devices

Part 6: Generic standards
Part 9: Miscellaneous

Each part is further subdivided into several parts, published either as international standards
or as technical specifications or technical reports, some of which have already been published

as sections. Others will be published with the part nhumber followed by a dash and a second
number identifying the subdivision (example: |[EC 61000-6-1)).

This part is an international standard which gives immunity requirements and test procedures
related to "pulse magnetic field".
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ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 4-9: Testing and measurement techniques —
Impulse magnetic field immunity test

1 Scope and object

This part of IEC 61000 specifies the immunity requirements, test methods, and range of
recommended test levels for equipment subjected to impulse magnetic disturbances mainly
encountered in:

industrial installations,

power plants,

railway installations,

medium voltage and high voltage sub-stations.

The applicability of this standard to equipment installed in different locations is determined by
the presence of the phenomenon, as specified in Clause 4.

This standard does not consider disturbances due to capacitive or inductive coupling in cables
or other parts of the field installation. Other IEC standards dealing with conducted
disturbances cover these aspects.

The object of this standard is to establish a common reference for evaluating the immunity of
electrical and electronic equipment when subjected to impulse magnetic fields. The test
method documented in this part of IEC 61000 describes a consistent method to assess the
immunity of an equipment or system against a defined phenomenon.

NOTE As described in IEC Guide 107, this is a basic EMC publication for use by product committees of the IEC.
As also stated in Guide 107, the IEC product committees are responsible for determining whether this immunity
test standard is applied or not, and if applied, they are responsible for determining the appropriate test levels and
performance criteria. TC 77 and its sub-committees are prepared to co-operate with product committees in the
evaluation of the value of particular immunity test levels for their products.

This standard defines:

— arange of test levels;

— test equipment;

— test setups;

— test procedures.

The task of the described laboratory test is to find the reaction of the equipment under test

(EUT) under specified operational conditions to impulse magnetic fields caused by switching
and lightning effects.

2 Normative 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 (IEV) (available at
www.electropedia.org)
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3 Terms, definitions and abbreviated terms

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60050 as well as
the following apply.

3.11

calibration

set of operations which establishes, by reference to standards, the relationship which exists,
under specified conditions, between an indication and a result of a measurement

Note 1 to entry: This term is based on the "uncertainty" approach.

Note 2 to entry: The relationship between the indications and the results of measurement can be expressed, in
principle, by a calibration diagram.

[SOURCE: IEC 60050-311:2001, 311-01-09]

3.1.2

combination wave generator

CWG

generator with 1,2/50 us open-circuit voltage waveform and 8/20 us short-circuit current
waveform

Note 1 to entry: This definition is abbreviated from the equivalent definition in JEC 61000-4-§.

Note 2 to entry: This note applies to the French language only.

3.1.3

duration

Ty

<surge current for 8/20 us> virtual parameter defined as the time interval between the instant
at which the surge current rises to 0,5 of its peak value, and then falls to 0,5 of its peak value
(Ty,), multiplied by 1,18

Ty=1,18 x T,

SEE: Figure 2.

3.1.4

front time

T;

<surge current> virtual parameter defined as 1,25 times the interval T, between the instants
when the impulse is 10 % and 90 % of the peak value

SEE: Figure 2.

3.1.5

immunity

ability of a device, equipment or system to perform without degradation in the presence of an
electromagnetic disturbance

[SOURCE: JEC 60050-161:1990, 161-01-20]

3.1.6

induction coil

conductor loop of defined shape and dimensions, in which a current flows, generating a
magnetic field of defined uniformity in a defined volume
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3.1.7

induction coil factor

ratio between the magnetic field strength generated by an induction coil of given dimensions
and the corresponding current value

Note 1 to entry: The field is that measured at the centre of the coil plane, without the EUT.

3.1.8

proximity method

method of application of the magnetic field to the EUT, where a small induction coil is moved
along the side of the EUT in order to detect particularly sensitive areas

3.1.9
reference ground plane
flat conductive surface whose potential is used as a common reference

3.1.10
rise time
T

r
interval of time between the instants at which the instantaneous value of an impulse first
reaches 10 % value and then 90 % value

SEE: Figure 2.

3.1.11

surge

transient wave of electrical current, voltage or power propagating along a line or a circuit and
characterized by a rapid increase followed by a slower decrease

3.1.12

system

set of interdependent elements constituted to achieve a given objective by performing a
specified function

Note 1 to entry: The system is considered to be separated from the environment and other external systems by an
imaginary surface which cuts the links between them and the considered system. Through these links, the system
is affected by the environment, is acted upon by the external systems, or acts itself on the environment or the
external systems.

3.1.13

transient, adjective and noun

pertaining to or designating a phenomenon or a quantity which varies between two
consecutive steady states during a time interval short compared to the time scale of interest

[SOURCE: JEC 60050-161:1990, 161-02-01]

3.1.14

verification

set of operations which is used to check the test equipment system (e.g. the test generator
and its interconnecting cables) to demonstrate that the test system is functioning

Note 1 to entry: The methods used for verification may be different from those used for calibration.

Note 2 to entry: For the purposes of this basic EMC standard this definition is different from the definition given in
IEC 60050-311:2001, 311-01-13.

3.2 Abbreviated terms

AE Auxiliary equipment
CDN Coupling/decoupling network
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CWG Combination wave generator
EFT/B Electrical fast transient/burst

EMC Electromagnetic compatibility

ESD Electrostatic discharge

EUT Equipment under test

MU Measurement uncertainty

RGP Reference ground plane

4 General

The magnetic fields to which equipment is subjected may influence the reliable operation of
equipment and systems.

The following tests are intended to demonstrate the immunity of equipment when subjected to
impulse magnetic fields related to the specific location and installation condition of the
equipment (e.g. proximity of equipment to the disturbance source).

Pulse magnetic fields are generated by lightning strikes on buildings and other metal
structures including aerial masts, earth conductors and earth networks and by initial fault
transients in low, medium and high voltage electrical systems.

In high voltage sub-stations, an impulse magnetic field may also be generated by the
switching of high voltage bus-bars and lines by circuit breakers.

The test is mainly applicable to electronic equipment to be installed in electrical generation
and distribution plants as well as in their control centres. It is not relevant for distribution
network equipment (e.g. transformers, power lines).

Product committees may consider other applications.

5 Testlevels
The preferred range of test levels is given in Table 1.

Table 1 — Test levels

Level Pulse magnetic field strength
A/m (peak)

1 not applicable

2 not applicable

3 100

4 300

5 1 000

xa special
NOTE The magnetic field strength is expressed in A/m; 1 A/m corresponds to
a free space magnetic flux density of 1,26 uT.
a X" can be any level, above, below or in between the others. The level

shall be specified in the dedicated equipment specification.

The test levels shall be selected according to the installation conditions. Classes of
installation are given in Annex C.
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6 Test instrumentation

6.1 General

The test system comprises the combination wave generator and the induction coil for a table-
top test setup and, in addition, an RGP for a floor-standing test setup.

6.2 Combination wave generator
6.2.1 General

For this application, the combination wave generator is used as a current source.

NOTE The combination wave generator specified in this standard has identical wave shape definitions to the ones

given in |JEC 61000-4-5.

Therefore only the 8/20 ns waveform is relevant. The combination wave generator shall be
able to deliver the required impulse current to the induction coils specified in 6.3.

The waveform is specified as a short-circuit current and therefore shall be measured without
the induction coil connected.

This generator is intended to generate a surge having:

e a short-circuit current front time of 8 us;
e a short-circuit current duration of 20 pus.
A simplified circuit diagram of the generator is given in Figure 1. The values for the different

components Rgq, Rgo, Ry, Ly, and C; are selected so that the generator delivers an 8/20 us
current surge into a short-circuit.

R, Switch R L, Co
1 A " o
Internal or
U C, Rgq Rey e;(éeLnFal
capacitor
T
IEC
Key
U High-voltage source
R¢ Charging resistor
Ce Energy storage capacitor
Rg Impulse duration shaping resistors
R Impedance matching resistor
L, Rise time shaping inductor
C Internal or external 18 uF capacitor

Figure 1 — Simplified circuit diagram of the combination wave generator
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6.2.2 Performance characteristics of the generator
Polarity positive and negative

Phase shifting in a range between 0° to 360° relative to the
phase angle of the a.c. line voltage to the EUT
with a tolerance of + 10°

Repetition rate 1 per minute or faster

Short-circuit peak output current 100 A to 1000 A or the required test level
divided by the coil factor

Waveform of the surge current see Table 2 and Figure 2

Short-circuit peak output current tolerance +10 %

Table 2 — Definitions of the waveform parameters 8/20 us

Front time 75 Duration Ty
us us
Short-circuit current Tg=1,25xT7,=8+20% Tg=118xT,,=20+20 %

A generator with floating output shall be used.

A
I}
1,0
0,9F
0,5
B 4 Tw .
0,1
T, t
+—> 0 to -0,3
IEC
Front time: T¢= 1,25 x T, = 8 us +20 %
Duration: Tq=1,18 x T\, =20 pus + 20 %

NOTE 1 The value 1,25 is the reciprocal of the difference between the 0,9 and 0,1 thresholds.

NOTE 2 The value 1,18 is derived from empirical data.

Figure 2 — Waveform of short-circuit current (8/20 ps)
at the output of the generator with the 18 puF capacitor in series

6.2.3 Calibration of the generator

If a current transformer (probe) is used to measure short-circuit current, it should be selected
so that saturation of the magnetic core does not take place. The lower (-3 dB) corner
frequency of the probe should be less than 100 Hz. The calibration shall be carried out with a
current probe and oscilloscope or other equivalent measurement instrumentation with a
bandwidth of not less than 1 MHz. The calibration shall be performed for all test levels, which
are applied for testing.
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The characteristics of the generator shall be measured through an external capacitor of 18 uF
in series with the output, under short-circuit conditions. If the 18 uF capacitor is implemented
in the generator, no external 18 uF capacitor is required for calibration.

All performance characteristics stated in 6.2.2, with the exception of phase shifting, shall be
met at the output of the generator.

6.3 Induction coil
6.3.1 Field distribution

For the two single-turn standard coils of 1 mx 1 m and 1 m x 2,6 m, the field distribution is
known and shown in Annex B. Therefore, no field verification or field calibration is necessary;
the current measurement as shown in Figure 3 is sufficient.

Oscilloscope

o | EEEEEEnn
B i o

Attenuator (~ N

Current probe

Surge generator

IEC
Figure 3 — Example of a current measurement of standard induction coils

Other coils of different dimensions may be used for an EUT which does not fit inside either of
the two standard coils. In these cases, the field distribution shall be determined by
measurement or calculation (see Annex A).

6.3.2 Characteristics of the standard induction coilsof T mx1 mand1 m x 2,6 m

The standard induction coil shall be made of copper, aluminium or any conductive non-
magnetic material, of such cross-section and mechanical arrangement as to facilitate its
stable positioning during the tests.

The tolerance of the standard coils is +1 cm, measured between the centre lines (centre of
the cross-section). The characteristics of induction coils with respect to the magnetic field
distribution are given in Annex B.

6.4 Calibration of the test system

The essential characteristics of the test system shall be calibrated by a current measurement
(see Figure 3).

The output current shall be verified with the generator connected to the standard induction
coil specified in 6.2.1 for all applicable test levels. In order to comply with the specifications
given in Table 3 and Table 4, an external capacitor (e.g. 18 uF) in series may be required.
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The capacitor may be incorporated in the generator. The connection shall be realized by
twisted conductors or a coaxial cable of up to 3 m length and of suitable cross-section.

The following specifications given in Table 3 and Table 4 shall be verified.

Table 3 — Specifications of the waveform time parameters of the test system

Front time T Duration T4
System using 1 mx 1 m _ _ 2,4 _ _ +6
standard induction coil Tg=1.25xT, =8 us g us Tq=118 xT,, =20 ps _5 us
System using1 m x 2,6 m _ _ +3,2 _ _ 48
standard induction coil Tg=125x T =8us gg ns Tq=118 xT,, =20 ps _5 ps

Table 4 — Specifications of the waveform peak current of the test system

Test Peak current I £ 10 %
A
level
System using 1 mx1m System using 1 m x 2,6 m
standard induction coil standard induction coil
1 not applicable not applicable
2 not applicable not applicable
3 111 152
4 333 453
5 1111 1515
xa special/0,9 special/0,66
NOTE The values 0,9 and 0,66 are the calculated coil factors of standard
induction coils as described in A.2.3 (see Annex A).
a8 "X" can be any level, above, below or in between the others. The level shall
be specified in the dedicated equipment specification.

If a current transformer (probe) is used to measure short-circuit current it should be selected
so that saturation of the magnetic core does not take place. The lower (-3 dB) corner
frequency of the probe should be less than 100 Hz. The calibration shall be carried out with a
current probe and oscilloscope or other equivalent measurement instrumentation with a
bandwidth of not less than 1 MHz.

7 Test setup

7.1 Test equipment
The following equipment is part of the test setup:

— equipment under test (EUT);

— auxiliary equipment (AE) when required;

— cables (of specified type and length);

— combination wave generator (CWG) with an internal/external (e.g. 18 uF) capacitor;
— induction coil;

— reference ground plane in case of testing floor standing equipment.
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7.2 Verification of the test instrumentation

The purpose of verification is to ensure that the test setup is operating correctly. The test
setup includes:

— the combination wave generator;

— the induction coil;

— the interconnection cables of the test equipment.
To verify that the system is functioning correctly, the following signal should be checked:
— surge impulse present at the induction coil terminals.

It is sufficient to verify that the surge is present at any level by using suitable measuring
equipment (e.g. current probe, oscilloscope).

NOTE Test laboratories can define an internal control reference value assigned to this verification procedure.
7.3 Test setup for impulse magnetic field applied to a table-top EUT

Table-top EUTs shall be placed on a non-conductive table. The 1 m x 1 m induction coil may
be used for testing EUTs with dimensions up to 0,6 mx 0,6 mx0,5 m (LxW x H). The
1mx 2,6 m induction coil may be used for testing EUTs with dimensions up to
0,6mx0,6mx2m(LxWxH).

The induction coil shall be positioned in three orthogonal orientations.

When an EUT does not fit into the induction coil of 1 m x 2,6 m, either the proximity method
(see 7.4) can be used or larger induction coils may be constructed to suit the dimensions of
the EUT for different field orientation of the magnetic field.

NOTE |If it is impractical to construct coils for very large equipment, the proximity method is the only suitable test
method.

It is not necessary to maximize the impact of cables during this test. The proximity of the
cables to the loop antenna can impact the results so the cables shall be routed to minimize
this impact. The minimized cabling dimension shall be incorporated into the determination of
the maximum size of EUT that can be tested.

An RGP is not required below the EUT (see Figure 4 below). The induction coil shall be kept
at least 0,5 m from any conducting surfaces, for example the walls and floor of a shielded
enclosure.
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Figure 4 — Example of test setup for table-top equipment
showing the vertical orthogonal plane

7.4 Test setup for impulse magnetic field applied to a floor standing EUT

The induction coil of standard dimensions for testing floor standing equipment (e.g. racks) has
a rectangular shape of 1 m x 2,6 m with one short side which may be the RGP for large sized
equipment. The 1 m x 1 m induction coil can be used for floor standing equipment with the
maximum dimensions of 0,6 m x 0,6 m.

The RGP shall have a minimum thickness of 0,65 mm and a minimum size of 1 m x 1 m. The
EUT shall be insulated from the RGP.

|
N
\é

WG

1,0 m
m

RGP

IEC

Figure 5 — Example of test setup for floor standing equipment
showing the horizontal orthogonal plane

For floor standing equipment (e.g. cabinets) where the top of the EUT is greater than 0,75 m
from the RGP, more than one position shall be tested. The distance between the positions
shall be (0,5 + 0,05) m. Figure 5 indicates that three positions have to be tested. In any case,
the induction coil shown in Figure 5 shall not be placed below 0,5 m. Figure 6 shows an
example for testing with a vertical orthogonal plane.
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Figure 6 — Example of test setup for floor standing equipment
showing the vertical orthogonal plane

The test volume of the rectangular coil is 0,6 m x 0,6 m x 2 m (L x W x H).

When an EUT does not fit into the rectangular coil of 1 m x 2,6 m, either the proximity method
(see Figure 7 and 7.5 for more detailed information) can be used or larger induction coils may
be constructed to suit the dimensions of the EUT for a different field orientation of the
magnetic field (see Annex A).

If it is impractical to construct coils for very large equipment, the proximity method is the only
suitable test method. Product committees may select either the proximity method or use a
suitable coil.

It is not necessary to maximize the impact of cables during this test. The proximity of the
cables to the loop antenna can impact the results so the cables shall be routed to minimize
this impact. The minimized cabling dimension shall be incorporated into the determination of
the maximum size of EUT that can be tested.

/ 10 cm
d :
EUT

A T

1%;—{ —. = N\

IEC
Figure 7 — Example of test setup using the proximity method

7.5 Test setup for impulse magnetic field applied in-situ

In-situ testing is generally the only practical test method available for large machinery or
similar equipment. During in-situ testing, an RGP is normally not available. Therefore the
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proximity method may be the only practical test method without the RGP in place. Figure 7
gives an example for a test setup for in-situ testing. The 1 m x 1 m standard induction coil
shall be used when examining EUTs using the proximity method. Furthermore it is necessary
that the standard induction coil is isolated from the EUT. The distance between the standard
induction coil and the EUT shall be (10 + 1) cm.

NOTE The distance has been defined to ensure the same field strength as in the centre of the standard induction
coil.

Testing of table top equipment according to 7.3 may also be performed but this is not the
preferable test method.

8 Test procedure

8.1 General
The test procedure includes:

— the verification of the test instrumentation according to 7.2;
— the establishment of the laboratory reference conditions;

— the confirmation of the correct operation of the EUT;

— the execution of the test;

— the evaluation of the test results (see Clause 9).

8.2 Laboratory reference conditions
8.2.1 Climatic conditions

Unless otherwise specified in generic, product family or product standards, the climatic
conditions in the laboratory shall be within any limits specified for the operation of the EUT
and the test equipment by their respective manufacturers.

Tests shall not be performed if the relative humidity is so high as to cause condensation on
the EUT or the test equipment.

8.2.2 Electromagnetic conditions

The electromagnetic conditions of the laboratory shall be such as to guarantee the correct
operation of the EUT so as not to influence the test results.

8.3 Execution of the test

Verification shall be performed. It is preferable to perform the verification prior to the test (see
7.2).

The test shall be performed according to a test plan which shall specify the test setup,
including:
e test level;
e number of impulses (for each orthogonal orientation):
number of impulses unless otherwise specified by the relevant standard:
— for d.c. powered EUT, five positive and five negative impulses;

— for single-phase a.c. powered EUT, 20 positive and 20 negative impulses without
phase synchronization;

— for three-phase a.c. powered EUT, 20 positive and 20 negative impulses without phase
synchronization;
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e impulse repetition rate not less than one impulse per minute (product committees may
specify this repetition rate);

e representative operating conditions of the EUT;

o three orthogonal orientations of the magnetic field in case of table-top equipment;
e three orientations of the magnetic field in case of floor standing equipment;

o locations of the induction coil relative to the EUT (test points).

For most products, phase synchronization may not be appropriate; therefore product
committees should decide on the need of phase synchronization for their products.

NOTE 1 The application of tests with different phase angles may be more critical for equipment with inverter
technology.

NOTE 2 Special safety considerations may be needed when using the generator’'s CDN output.
9 Evaluation of test results

The test results shall be classified in terms of the loss of function or degradation of
performance of the equipment under test, relative to a performance level defined by its
manufacturer or the requestor of the test, or agreed between the manufacturer and the
purchaser of the product. The recommended classification is as follows:

a) normal performance within limits specified by the manufacturer, requestor or purchaser;

b) temporary loss of function or degradation of performance which ceases after the
disturbance ceases, and from which the equipment under test recovers its normal
performance, without operator intervention;

c) temporary loss of function or degradation of performance, the correction of which requires
operator intervention;

d) loss of function or degradation of performance which is not recoverable, owing to damage
to hardware or software, or loss of data.

The manufacturer’s specification may define effects on the EUT which may be considered
insignificant, and therefore acceptable.

This classification may be used as a guide in formulating performance criteria, by committees
responsible for generic, product and product-family standards, or as a framework for the
agreement on performance criteria between the manufacturer and the purchaser, for example
where no suitable generic, product or product-family standard exists.

Equipment shall not become dangerous or unsafe as a result of the application of the tests.

10 Test report

The test report shall contain all the information necessary to reproduce the test. In particular,
the following shall be recorded:
— the items specified in the test plan required by Clause 8 of this standard;

— identification of the EUT and any associated equipment, for example, brand name, product
type, serial number;

— identification of the test equipment, for example, brand name, product type, serial number;

— any special environmental conditions in which the test was performed, for example,
shielded enclosure;

— any specific conditions necessary to enable the test to be performed;
— performance level defined by the manufacturer, requestor or purchaser;
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— performance criterion specified in the generic, product or product-family standard;

— any effects on the EUT observed during or after the application of the test disturbance,
and the duration for which these effects persist;

— the rationale for the pass/fail decision (based on the performance criterion specified in the
generic, product or product-family standard, or agreed between the manufacturer and
the purchaser);

— any specific conditions of use, for example cable length or type, shielding or grounding, or
EUT operating conditions, which are required to achieve compliance;

— the induction coils selected for the tests;
— the position and orientation of the induction coil relative to EUT.
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Annex A
(informative)

Characteristics of non standard induction coils

A.1  General

When an EUT does not fit into standard induction coils, either the proximity method may be
used or non standard induction coils may be used. Non standard coils are constructed to
accommodate the dimensions of the EUT for the different orientations of the magnetic field.

Note that larger induction coils give repeatable results, but it may not be practical to construct
very large coils. The maximum dimensions of non standard induction coils are determined by
whether the waveform requirements of the 1 m x 2,6 m coil can be achieved. The proximity
method may give useful but not necessarily reproducible results.

NOTE Due to the possible large dimensions of EUTs, the coils can be made of "C" or "T" cross-sectional shape in
order to have sufficient mechanical rigidity.

A.2 Determination of the coil factor

A.2.1 General

The induction coil factor shall be determined by measurement or calculation. The coil factor is
used to calculate the current in the induction coil to obtain the required magnetic field strength
in the centre of the induction coil.

A.2.2 Coil factor measurement
A.2.2.1 General

In order to compare the test results from different coils, the induction coil factor shall be
measured in a free space condition without an EUT.

A magnetic field sensor of adequate sensitivity shall be used to measure the magnetic field
strength H generated by the induction coil.

The field sensor should be positioned at the centre of the induction coil and with suitable
orientation to detect the maximum value of the field. The current I in the induction coil shall be
measured and adjusted to obtain a field strength within the measurement range of the
magnetic field sensor. The coil factor, kq, is obtained as kg = H/I

A.2.2.2 Coil factor measurement for table-top equipment

The following procedure should be carried out:

The induction coil shall be positioned at a minimum of 1 m from conductive or magnetic
structures. Insulating material may be used to support the induction coil. The induction coil is
connected to an a.c. source. The measurement can be carried out at any frequency (e.g.
50 Hz or 60 Hz).

A.2.2.3 Coil factor measurement for floor standing equipment

The following procedure should be carried out:

The induction coil should be positioned on the RGP, which may form one side of the coil.
Except for the RGP, all other conductive or magnetic structures shall be at least 1 m from the



BS EN 61000-4-9:2016
IEC 61000-4-9:2016 © IEC 2016 - 23 -

coil. Insulating material may be used to support the induction coil. The induction coil shall be
connected to an a.c. source. The measurement shall be carried out at power frequency.

A.2.3 Coil factor calculation

The coil factor can be calculated from the geometrical dimensions of the induction coil. For a
single-turn, rectangular induction coil having sides a + b and ¢ (see Figure A.1), the coil factor
kcg is given by

kCF(P):H(P)_ 1 dalc+cla 4bl/c+clb (A1)

I 4 \/a2+(c/2)2 +\/b2+(c/2)2

where H(P) is the magnetic field at point P and 7 is the induction coil current. Equation (A.1) is
valid, when the largest dimension of the cross-section of the coil inductor is small compared
to the shortest side of the induction coil. For a square induction coil with side ¢ and if P is at
the centre of the coil, then a = b = ¢/2. If P is at the centre of a rectangular coil, then a = b. If
the RGP is the bottom side of the coil, then equation (A.1) is still valid taking into account the
image of the actual (physical) coil. In this case, if P is at the centre of the physical coil, then
the kg of the coil formed by the physical coil plus its image is given by equation (A.1) with b
=3 x a.

cl2 cl2

IEC

Figure A.1 — Rectangular induction coil with sides a + b and ¢

A.3 Magnetic field measurement

The field measurement mentioned in A.2.2.1 is also applicable for large non standard
induction coils. The measurement of the magnetic field may be done with a measurement
system comprising calibrated sensors, for example a "Hall effect" or multi-turn loop sensors
with a diameter of at least one order of magnitude smaller than the induction coil and a power
frequency narrow band instrument. The maximum EUT volume is limited by the +3 dB isoline
in the x-y plane and by the 3 dB isolines in the x-z plane.
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A.4 Verification of non standard induction coils

The measurement may be carried out by injecting the power frequency current into the
induction coil and measuring the magnetic field using sensors placed at the geometrical
centre of the coil as shown in Figure A.2.

Induction coil
— Induction coil
AC source
Magnetic
field sensor
Magnetic
AC source field sensor
-
L ||

.
RGP if one side of the coil is the RGP)

IEC
Figure A.2 — Example of verification setup for non standard induction coils

The induction coil factor can be calculated from equation (A.1) if the largest cross-section
dimension of the coil inductor is not more than 0,02 of the shortest side of the coil.

If one side of the coil is the RGP, an additional source of uncertainty is the finite size of the
RGP. This can be evaluated through the relative deviation between the coil factors calculated
assuming the presence and absence of an infinite size RGP.
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Annex B
(informative)

Information on the field distribution of standard induction coils

B.1 General

Annex B gives information on the maximum size of an EUT and its location in the standard
induction coils. The maximum EUT volume is limited by the +3 dB isoline in the x-y plane and
by the +3 dB isolines in the x-z plane.

The inductance for the single turn standard 1 m x 1 m coil is approximately 2,5 uH and for the
1 m x 2,6 m standard coil is approximately 6 uH.

For the field computations the finite cross-section of the loop conductors are neglected (thin
wire approximation).

B.2 1 m x 1 m induction coil

The +3 dB and -3 dB isolines for the magnetic field strength (magnitude) are shown in
Figure B.1 for the x-y plane and in Figure B.2 for the x-z plane. The maximum EUT size is
width x length x height =0,6 m x 0,6 m x 0,5 m..

Maximum EUT size
0dB (width x length = 0,6 m x 0,6 m)

B e A

[ =

/7

+3 dB

x-z plane

IEC

NOTE The -3 dB isoline is not shown because it is outside the loop

Figure B.1 — +3 dB isoline for the magnetic field strength (magnitude)
in the x-y plane for the 1 m x 1 m induction coil
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Maximum EUT size
(width x height = 0,6 m x 0,5 m)

\x-z plane

+3 dB

IEC

Figure B.2 — +3 dB and -3 dB isolines for the magnetic field strength (magnitude)
in the x-z plane for the 1 m x 1 m induction coil

B.3 1 m x 2,6 m induction coil with reference ground plane

The +3 dB and -3 dB isolines for the magnetic field strength (magnitude) are shown in
Figure B.3 for the x-z plane and in Figure B.4 for the x-y plane. The maximum EUT size is
width x length x height = 0,6 m x 0,6 m x 2 m.

For the calculation of the +3 dB isolines the size of the reference ground plane is considered
as infinite.
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is outside the loop.

Figure B.3 — +3 dB isoline for the magnetic field strength (magnitude) in the x-z plane

for the 1 m x 2,6 m induction c

oil with reference ground plane

Maximum EUT size
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Figure B.4 — +3 dB and -3 dB isolines for th

IEC

e magnetic field strength (magnitude) in the

x-y plane for the 1 m x 2,6 m induction coil with reference ground plane
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B.4 1 m x 2,6 minduction coil without reference ground plane

The +3 dB and -3 dB isolines for the magnetic field strength (magnitude) are shown in
Figure B.5 for the x-y plane and in Figure B.6 for the x-z plane. The maximum EUT size is
width x length x height = 0,6 m x 0,6 m x 2 m.

+3 dB

Maximum EUT size
(width x length = 0,6 m x 2,0 m)

7z

\x-z plane

x-y plane

IEC

NOTE The -3 dB isoline is not shown because it is outside the loop.

Figure B.5 — +3 dB isoline for the magnetic field strength (magnitude) in the x-y plane
for the 1 m x 2,6 m induction coil without reference ground plane

Maximum EUT size
(width x height = 0,6 m x 0,6 m)

-3 dB

I

:\x—z plane
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Figure B.6 — +3 dB and -3 dB isolines for the magnetic field strength (magnitude)
in the x-z plane for the 1 m x 2,6 m induction coil without reference ground plane
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Annex C
(informative)

Selection of the test levels

Test levels shall be selected in accordance with the electromagnetic environment in which the
equipment concerned is intended to be used, taking into account most realistic installation
conditions.

Recommendations for test levels are given in Clause 5. The actual selection of test levels
should take into account

— the electromagnetic environment;

— the potential proximity of impulse magnetic field disturbances sources to the equipment
concerned;

— the installation conditions typically to be expected for an installation in the electromagnetic
environment under consideration;

— the need and amount of compatibility margins, i.e. the margin between the maximum
disturbance level and considered immunity level.

An appropriate test level for equipment depends on the electromagnetic environment in which
equipment is intended to be used. Based on common installation practices which are
representative for the electromagnetic environment concerned, a guide for the selection of
test levels for impulse magnetic fields testing may be the following:

Class 1:  Electromagnetic environment with particular mitigation measures employed in
order to allow electromagnetic phenomena to occur to a certain extent only (e.g.
phenomenon does not occur, phenomenon occurs with a relatively low amplitude
only, etc.)

Controlled electromagnetic environment: where sensitive devices are planned to
be used (e.g. electron microscopes, cathode ray tubes, etc.)

The test is not applicable to equipment intended to be used in this class of
environment.

Class 2: Electromagnetic environment representative for residential areas

The test is not applicable to equipment intended to be used in this class of
environment because the locations concerned are not subjected to the influence
of switching phenomena in medium-voltage and high-voltage substations.

Class 3:  Electromagnetic environment representative for office/commercial areas

Locations of this class of environment are characterized by a potential proximity to
medium-voltage and high-voltage switchgear or to conductors carrying
corresponding transients. A computer room in the vicinity of a sub-station might
be a representative for such location.

Class 4:  Electromagnetic environment representative for industrial areas

Locations of this class of environment are characterized by the presence of
medium-voltage or high-voltage substations and of conductors carrying transient
fault currents. Control rooms of sub-stations and fields with high-current
equipment/installations might be representatives for such locations.

Class 5: Harsh electromagnetic environment which can be characterized by the following
attributes: conductors, bus-bars or M.V.or H.V. lines carrying tens of kA

Switchyard areas of heavy industrial plants, M.V/H.V. sub-stations and power
stations might be representatives for locations with such an electromagnetic
environment.

Class X:  Special electromagnetic environment
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The minor or major electromagnetic separation of interference sources from
equipment circuits, cables, lines, etc., and the quality of the installations may
require the use of higher or lower test levels than those described above. This
may need a case-by-case assessment.

It should be noted that the lines of equipment (e.g. cabling, bus bars, overhead lines)
associated to electromagnetic environments with higher test levels can penetrate into
locations being assigned to an environment with lower test levels. In such cases a re-
assessment of the latter location with respect to the suitable test levels should be carried out.

The above selection of test levels in terms of electromagnetic environments should be used
as a guide only. There might be cases where a location might be assigned to one of the
above types of electromagnetic environments but due to the features of the equipment
concerned or other circumstances a different test level than that associated to that type of
electromagnetic environment might be more appropriate. Corresponding assessment should
be done by the parties involved (e.g. product committees).
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Annex D
(informative)

Measurement uncertainty (MU) considerations

D.1 General

The compliance of the realized disturbance quantity with the disturbance quantity specified by
this standard is usually confirmed through a set of measurements (e.g. measurement of the
rise time of a current impulse with an oscilloscope by using a current probe). The result of
each measurement includes a certain amount of measurement uncertainty (MU) due to the
imperfection of the measuring instrumentation as well as to the lack of repeatability of the
measurand itself. The evaluation of MU is done here according to the principles and methods
described in IEC TR 61000-1-6.

In order to evaluate MU it is necessary to:
a) identify the sources of uncertainty, related both to the measuring instrumentation and to
the measurand,

b) identify the functional relationship (measurement model) between the influence (input)
quantities and the measured (output) quantity,

c) obtain an estimate and standard uncertainty of the input quantities,
d) obtain an estimate of the interval containing, with a high level of confidence, the true value
of the measurand.

These estimates and uncertainties, derived for a particular disturbance quantity, do not
describe the degree of agreement between the simulated electromagnetic phenomenon, as
defined in the basic standards, and the real electromagnetic phenomenon in the world outside
the laboratory.

Since the effect of the parameters of the disturbance quantity on the EUT is a priori unknown
and in most cases the EUT shows a nonlinear behavior, a single estimate and uncertainty
numbers cannot be defined for the disturbance quantity. Therefore each of the parameters of
the disturbance quantity will be accompanied by the corresponding estimate and uncertainty.
This yields to more than one uncertainty budget.

D.2 Legend

Ip Peak of the current impulse injected into the coil

Hp Peak of the magnetic field impulse

kcg  Coil factor of the induction coil: Hp = kgg x Ip

T:  Front time of the current and magnetic field impulses: Ty = 1,25 T,

T, Rise time of the current and magnetic field impulses, defined as the time from 10 % to
90 % of the peak value

Width of the current and magnetic field impulses
T4  Duration of the current and magnetic field impulses: Ty = 1,18 T,

NOTE The meaning and the relations among the symbols u(x,), ¢, u, (), u,(v), U(y) and y are explained in
IEC TR 61000-1-6.
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D.3 Uncertainty contributors to the surge current and to the surge magnetic
field measurement uncertainty

The following list shows the contributors used to assess both the measuring instrumentation
and test setup influences:

e reading of peak value

e reading of 10% level

e reading of 90% level

e reading of 50% level

e bandwidth of the measuring system

e shape of the impulse response of the measuring system

o oscilloscope horizontal axis measurement error

e oscilloscope vertical axis measurement error

¢ measurement system, measurand and setup repeatability (type A)
e calibration of oscilloscope and measuring system

e coil factor of the induction coil
D.4 Uncertainty of surge current and surge magnetic field calibration

D.4.1 General

In the case of the magnetic field test, the disturbance quantities are the surge current
generated by the test generator and injected into the coil terminals and the surge magnetic
field applied to the EUT. As discussed in Clause D.1, an uncertainty budget for each
measured parameter of the disturbance quantity is required. The parameters of these
disturbance quantities are Ip, 77 and Ty, for the surge current, and Hp for the surge magnetic
field. It is assumed that the magnetic field generated by the induction coil is proportional to
the current flowing into its terminals, the constant of proportionality being the coil factor kqf.
Therefore the surge magnetic field has the same front time and width as the surge current,
and the peak of the magnetic field is obtained as Hp = kg x Ip.

The approach adopted here to evaluate impulse MU is described in D.4.6 and D.4.7. Tables
D.1, D.2, and D.3 give examples of uncertainty budgets for the surge parameters. The tables
include the input quantities that are considered most significant for these examples, the
details (numerical values, type of probability density function, etc.) of each contributor to MU
and the results of the calculations required for determining each uncertainty budget.

D.4.2 Front time of the surge current

The measurand is the surge current front time calculated by using the functional relationship

T; = 1,25\/(T90% ~Tyoo, +SR)? — Ty (D.1)
where
Tiys =% (D.2)

and:

T109%  is the time at 10 % of peak amplitude
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Tggy s the time at 90 % of peak amplitude

OR is the correction for non-repeatability

Twus is the rise time of the step response of the measuring system (10 % to 90 %) in us
B is the —3 dB bandwidth of the measuring system in kHz

a is the coefficient whose value is (360 + 40) us x kHz (B in kHz and T,g in us)

Table D.1 — Example of uncertainty budget for surge current front time (7%)

. . Error . . . .
Symbol | Estimate | Unit BT Unit PDF? Divisor u(x;) ¢ Unit u,(y) Unit
Tyo0 0,74 s 0,0050 | pus triangular 2,45 0,0020 | -1,2563 1 0,002 6 | ps
Togos 7,94 s 0,0050 | ps triangular 2,45 0,002 0 1,256 3 1 0,002 6 | us
. normal
oR 0 ns 0,025 | M | (k=1) 1,00 0,0250 | 1,256 3 1 0,0314 | MS
us us -
4 360 kHz 40 | kHz | rectangular | 73 550040 | -0,0003 | VKHZ | o058 | M
B 500 kHz 50 kHz rectangular 1,73 28,867 5 0,000 2 | ps/kHz 0,0053 | us
ug(v) = VZu,(»)? 0,03256 | ps
U(y) =2 ugl) 0,06 | us
y 8,95 | us

2 Probability density function

Tq9 o Tog o,: is the time reading at 10 % or 90 % of the peak amplitude. The error bound is
obtained assuming a sampling frequency of 100 MS/s and a trace interpolation capability of
the scope (triangular probability density function). Were this not the case, a rectangular
probability density function should be assumed. Only the contributor to MU due to the
sampling rate is considered here, for additional contributors see D.4.5. The readings are
assumed to be Tyq o, = 0,74 ps and Tgq o, = 7,94 ps.

T\s: is the calculated rise time of the step response of the measuring system. The coefficient
a (see Clause D.2), depends on the shape of the impulse response of the measuring system.
The range 360 + 40 is representative of a wide class of systems, each having a different
shape of the impulse response (see D.4.6 and Table D.4). The bandwidth B of the measuring
system can be experimentally obtained (direct measurement of the bandwidth) or calculated
from the bandwidth B; of each element of the measurement system (essentially a current
probe, a cable and a scope) by using the following equation:

1 HZ[%Z... (D.3)
B \\B) "\ B

An estimate of 500 kHz and a 50 kHz error bound of a rectangular probability density function
are assumed for B.

OR: is the 10 % to 90 % rise time non-repeatability. It quantifies the lack of repeatability in the
measurement of Tgqo, — T4qo due to the measuring instrumentation, the layout of the
measurement setup and the surge generator itself. It is determined experimentally. This is a
type A evaluation based on the formula of the experimental standard deviation s(g;) of a
sample of n repeated measurements q; and given by

s(q)= - (4,-4) (D.4)
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where 5 is the arithmetic mean of the q; values. An error bound s(q;) = 25 ns (1 standard
deviation of a normal probability density function) and an estimate of 0 ns are assumed.

D.4.3 Peak of the surge current and magnetic field

The measurand is the peak of the surge current injected into the coil and calculated by using
the functional relationship

Ver 1+ OR+ 6V
I, =R > (D.5)
Rt B
1-| £
B
where
Ver s the impulse voltage peak reading
R+ is the transfer resistance of the current probe
OR is the correction for non-repeatability
4 is the d.c. vertical accuracy of the scope
B is the —3 dB bandwidth of the measuring system
B is the coefficient whose value is (14,8 + 1,6) kHz
Table D.2 — Example of uncertainty budget for the peak of surge current (Ip)
Symbol | Estimate | Unit il Unit PDF? Divisor ulx,) ¢ Unit | u(y) | Unit
y bound i i i
Ver 1,15 | Vv 0,0022 | V | triangular | 2,45 0,000 92 1001 | 1/Q | 0918
Ry 0,001 | @ 0,00005 | @ | rectangular | 1,73 0,000 03 -151-10% | A/Q | 33,23
SR ol 1 003 | 1 [ 1,00 | 0,030 00 1151 | A | 3453 | A
oV o 1 0,02 | 1 | rectangular | 1,73 0,011 55 1151 A 13,29 | A
B 14,8 | kHz 1,6 | kHz | rectangular | 1,73 0,923 76 0,136 | A/kHz | 0,126
B 500 | kHz 50 | kHz | rectangular | 1,73 28,867 51 -0,0040 | A/kHz | 0,117
ug(y) = VZu,(v)? 0,050 | KA
U) =2uy) 0,10 kA
¥ 1,15 | kA
Expressed in % of 1,15 kA 8,6 %

2  Probability density function

Vpr: is the voltage peak reading at the output of the current probe. The error bound is
obtained assuming that the scope has an 8-bit vertical resolution with an interpolation
capability (triangular probability density function).

R+: is the transfer resistance of the current shunt or probe. An estimated value of 0,001 Q and
an error bound of 5 % (rectangular probability density function) are assumed.

OR: quantifies the non-repeatability of the measurement setup, layout and instrumentation. It
is a type A evaluation quantified by the experimental standard deviation of a sample of
repeated measurements of the peak current. It is expressed in relative terms and an estimate
of 0 % and an error bound of 3 % (1 standard deviation) are assumed.

oV: quantifies the amplitude measurement inaccuracy of the scope at DC. A 2 % error bound
of a rectangular probability density function and an estimate of 0 are assumed.
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p: is a coefficient which depends on the shape of both the impulse response of the measuring
system and the standard impulse waveform in the neighborhood of the peak (see D.4.7). The
interval (14,8 £ 1,6) kHz is representative of a wide class of systems, each having a different
shape of the impulse response.

B: see D.4.2., same meaning and same values both for the estimate and error bound.

The uncertainty of the peak of the surge magnetic field is obtained from the functional
relationship Hp = kg x Ip, where kg is the coil factor as measured or calculated as described
in the standard. Therefore, if the calculated kqg is 0,90 (e.g. in the case of a square induction
coil whose side is 1 m) and its expanded uncertainty is 5 %, then the best estimate of Hp is
1,04 KA/m and its expanded uncertainty is 9,9 % (see Table D.2)

D.4.4 Duration of the current impulse

The measurand is the duration of the surge current injected into the coil calculated by using
the functional relationship

2
Ty =118 (Tsgos £ — TsooeR + OR)- [1 - (%j } (D.6)

where

T50e, r Is the time at 50 % of peak amplitude at the rising edge of the impulse
T50y, ¢ Is the time at 50 % of peak amplitude at the falling edge of the impulse

OR is the correction for non-repeatability
B is the —3 dB bandwidth of the measuring system
B is the coefficient which value is (14,8 + 1,6) kHz

Table D.3 — Example of uncertainty budget for current impulse width (7)

Symbol | Estimate | Unit | EMOT | ynit PDF2 Divisor | u(x) ¢ Unit uly) | Unit
Tso R 344 | ps | 0,0050 | ps | triangular 2,45 0,0020 | -1,181 1 us 0,0024 | pus
Ts00. F 22,34 | ps | 0,0050 | ps | triangular 2,45 0,0020 | 1,181 1 us 0,0024 | pus
OR 0 us 0,15 | us "é,‘{’rz"}")" 1,00 0,1500 | 1,181 1 us 01771 | us
B 14,8 | kHz 1,6 | kHz | rectangular | 1,73 0,9238 | -0,0026 | ps/kHz | 0,0025 | ps
B 500 | kHz 50 | kHz rectangular 1,73 28,867 5 0,000 1 us/kHz 0,002 2 us
ug(y) = VZu,(y)? 01772 | ps
U(y) = 2 ug(y) 0,4 | pus
y 22,3 | ps

2 Probability density function

T50, R T50%,F: is the time reading at 50 % of the peak amplitude on the rising or falling edge
of the surge current. The error bound is obtained assuming a sampling frequency of 100 MS/s
(the same as in D.4.2) and a trace interpolation capability of the scope (triangular probability
density function). Were this not the case, a rectangular probability density function should be
assumed. Only the contributor to MU due to the sampling rate is considered here. For
additional contributors see D.4.5. The readings are assumed to be 7559 g = 3,44 ps and
T500/ F= 22 34 }J.S

oR: quantifies the non-repeatability of the 540, r — 7500, g time difference measurement due
to the measuring instrumentation, the layout of the measurement setup and the test generator
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itself. It is determined experimentally. This is a type A evaluation quantified by the
experimental standard deviation of a sample of repeated measurements. An error bound
s(gx) = 150 ns (1 standard deviation of a normal probability density function) and an estimate
of 0 ns are assumed.

p: see D.4.3, same meaning and same values both for the estimate and error bound.
B: see D.4.2, same meaning and same values both for the estimate and error bound.

D.4.5 Further MU contributions to time measurements

Time base error and jitter: the oscilloscope specifications may be taken as error bounds of
rectangular probability density functions. Usually these contributions are negligible.

Vertical resolution: the contribution depends on the vertical amplitude resolution 44 and on
the slope of the trace dA/dt. The uncertainty is related to the half width of the resolution and is
(A4A4/2)/(dAldt). If trace interpolation is performed (see the oscilloscope manual) a triangular
probability density function is used, otherwise a rectangular probability density function is
used. This contribution may not be negligible, when |d4/dt| < (44/T;), where T; is the sampling
interval of the scope.

DC offset: The d.c. offset of the scope contributes to the voltage peak measurement
uncertainty, if the peak is measured from the nominal d.c. zero line of the scope. This
contribution can be ignored, if the readout software of the scope measures the peak from the
pulse base line.

D.4.6 Rise time distortion due to the limited bandwidth of the measuring system

The distortion of the rise-time is evaluated through the usual rule of combination of the rise-
times, which is valid when two non-interacting systems are cascaded and their step
responses monotonically increase, i.e.

2 2
Trg =T + T\ag (D.7)

where T4 is the rise-time of the signal at the output of the measuring system (distorted rise-
time), T, is the rise-time of the signal at the input of the measuring system, and T\,g is the rise
time of the step response of the measuring system. It is important to observe that the
derivation of equation (D.7) is based on the following definition of the rise time

o]

Tys = ZEI(t—TS)ZhO(t)dt (D.8)
0

where ho(t) is the impulse response of the measuring system having a normalized area, i.e.

Iho (r)dt=1, and T is the delay time given by
0

T, =fzh0(t)dz (D.9)
0

Equation (D.8) is easier to handle, from the mathematical point of view, than the usual one
based on the 10 % and 90 % threshold levels. Nonetheless, in the technical applications, the
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10 % to 90 % rise times are usually combined through equation (D.7). With the -3 dB
bandwidth of the system, the two definitions lead to comparable rise times. If we define

a=Tys B (D.10)

then we find that the « values derived from the two definitions of rise-time do not differ very
much. The values of «, corresponding to different shapes of the impulse response #i(t), are
given in Table D.4. It is evident from Table D.4, that it is not possible to identify a unique
value of o« because « depends both on the adopted definition of the rise time (e.g. based on
thresholds or on equation (D.7)) and on the shape of the impulse response of the measuring
system. A reasonable estimate of a« can be obtained as the arithmetic mean between the
minimum (321 x 1073) and maximum (399 x 1073) values that appear in Table D.4, that is,
360 x 1073. Further, it can be assumed that, if no information is available about the measuring
system apart from its bandwidth, any value of « between 321 x 1073 and 399 x 1073 is
equally probable. Differently stated, « is assumed to be a random variable having a
rectangular probability density function with lower and upper bounds of 321 x 1073 and
399 x 1073, respectively. The standard uncertainty of « quantifies both: a) the indifference to
the mathematical model adopted for the definition of the rise-time, and b) the indifference to
the shape of the impulse response of the system.

Table D.4 — o factor (see equation (D.10)) of different unidirectional impulse responses
corresponding to the same bandwidth of system B

Lo 3 . Il order .
Values of o are multiplied by 10 Gaussian | order (crit. damp.) Rectangular Triangular
o , using equation (D.8) 332 399 363 321 326
a,10 % to 90 % 339 350 344 354 353

D.4.7 Impulse peak and width distortion due to the limited bandwidth of the
measuring system

The distorted impulse waveform Vg (t) at the output of the measuring system is given by the
convolution integral

Vout(t): Vin(r)'h(t—r)dr (D.11)

O —~

where Vin(t) is the input impulse waveform and %(z) is the impulse response of the measuring
system. Note that 4-i(¢) = hg(z), where 4 is the d.c. attenuation of the measuring system. The

input waveform can be approximated by its Taylor series expansion around the time instant 7,
when the input reaches its peak value 7,

Vint)= 7, +@-(¢—tp)2 + Vixétp)-(t—tp)?’ . (D.12)

Note that the first order term is missing from equation (D.12) since V'(tp)zo. Further

Via(tp)< 0, because the concavity points downwards (maximum), and ¥nlr,)> 0, because, for

the standard waveforms of interest here, the rise time is lower than the fall time. Substituting
equation (D.12) into equation (D.11) and after simplifications, valid when the bandwidth of the
measuring system is large with respect to the bandwidth of the input signal (so that the power
series terms whose order is greater than two are negligible), we obtain
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Vo :%[1-(%)1 (D.13)

(D.14)

Note that the parameter  depends on the second derivative of the standard input waveform
and on the parameter o defined and derived in D.4.6. Since the mathematical expression for
the standard surge waveforms are given in Annex E of this standard, the value of # can be
numerically calculated and is reported in Table D.5.

The estimate of the distortion of the input impulse width 7y, is simply obtained considering

that the area of the output impulse is that of the input impulse divided by the d.c. attenuation
A. Therefore

VoTw = AVpgTwd (D.15)

where Tyyg is the output impulse width. Hence

£ 1
Twg =~ 20— T = - T (D.16)
pd 1_[ £
B

Table D.5 — g factor (equation (D.14)) of the standard current surge waveform

kHz 8/20 ps

B 14,8 + 1,6

D.5 Application of uncertainties in the surge generator compliance criterion

Generally, in order to be confident that the current and the magnetic field surges are within
their specifications, the calibration results should be within the specified limits of this standard
(tolerances are not reduced by MU).

Further guidance is given in IEC TR 61000-1-6:2012, Clause 6.
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Annex E
(informative)
Mathematical modelling of surge current waveforms
General

Annex E provides reference mathematical waveforms for:

e designing surge generators,

e simulations of surge performance on digital apparatus.

The formulae have been defined considering the following requirements:

1)

2)

3)

4)

To reproduce the nominal front time and duration as defined in the standard for the surge
generators with output in short-circuit condition.

To help the designers of digital apparatus to build up a circuit model of the source
generators by using the simplified circuits reported in the standard with the nominal values
of the circuit elements, if any.

To have derivative equal to zero at starting time in order to avoid instability when
numerical simulations are performed.

To have the same basic formula used in IEC for transient phenomena such as ESD,
EFT/B and surge.

NOTE For current surge (8/20 pus), the defined mathematical waveforms match well with those defined in IEEE
Std C62.45-2002.

The following parameter definitions are used:

a)
b)
c)

d)

E.2

T,, is the width time defined as the time between the 50 % of the rising and falling front of
the waveform.

T, is the rise time for current surge defined as the time between the 10 % and 90 % of the
early time response of the waveform.

Ty is the duration time between the minimum value of the early time response and the
50 % of the falling time.

T; is the front time defined as the time between the intersection of a line, having a slope
that approximates the early time response, with the horizontal line that passes through the
minimum and maximum value of the waveform respectively. The following values are
defined that match well with the waveforms provided by the simplified circuits using model
simulations:

current surge (8/20 ps): 74 =1,25 x T; Ty = 1,18 x T,

BW is the bandwidth of the surge waveforms defined at the frequency where the spectral
response begins to roll off with a slope of -60 dB/decade.

Normalized time domain current surge (8/20 pus)

The normalized time domain expression of the 8/20 us current surge is given by

{IJUSURGE .
W \m o2 (E.1)

IsyrGe(t) =k; -
kSURGE [ t JUSURGE
1+

7]
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The coefficients that appear in equation (E.1) have the following values

ki =1 71 = 47,52 us (7 = 4,296 us il = 0,939 USURGE = 2,741

1

ﬂ[w] 1SURGE
7

ksuree =¢ (E2)

The plot of the 8/20 us current surge as a function of time is shown in Figure E.1.
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Figure E.1 — Normalized current surge (8/20 ps): Width time response T,,

An expansion to highlight the early time response is plotted in Figure E.2.
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Figure E.2 — Normalized current surge (8/20 us): Rise time response T,

The magnitude of the spectral response corresponding to equation (E.1) is shown in
Figure E.3.
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Figure E.3 — Current surge (8/20 us): Spectral response with Af= 10 kHz

The current impulse in the time domain is simulated well for frequencies up to 0,15 MHz,
therefore the associated bandwidth BW = 0,15 MHz.
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Annex F
(informative)

Characteristics using two standard induction coils

F.1 General

Annex F gives an example of Helmholtz coils using two 1 m x 1 m standard induction coils
connected in parallel to the combination wave generator. This double induction coil may be
used to obtain a better field homogeneity and for testing larger EUTs.

The test volume of the double 1 m x 1 m standard induction coils, which are 0,8 m spaced, is
defined in Clause F.3.

F.2 Particular requirements for calibration

The characteristics of this test system can be calibrated by using a current measurement as
described in Figure F.1. The current in both coils should be measured and should be identical.

The output current can be verified with the generator connected to the two standard induction
coils. In order to comply with the specification given in Table 3 for the 1 m x 1 m standard
induction coil, an external capacitor (e.g. 18 uF) in series may be required. The capacitor may
be incorporated in the generator. The connection is realized by twisted conductors with a
suitable cross-section of up to 3 m length. Identical cable length should be used to supply
both coils and to ensure proper distribution of the current. The current in both coils should be
checked for the same H-field orientation.

Oscilloscope

M-
S G =1

s

Attenuator
current probe

i1 ~ i2
Surge generator
Equal length for all wires

@ Middle of the two coils
IEC

Figure F.1 — Example of a test system using double standard induction coils

The specifications given in Table F.1 can be verified for all applicable test levels.
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Table F.1 — Specifications of the waveform peak current of this test system

Test Peak current I + 10 % in each coil
level A

1 not applicable

2 not applicable

3 106

4 319

5 1064

xa Special/0,94

NOTE 1 The value 0,94 is the measured and simulated coil factor in the middle of
the two coils.

NOTE 2 A combination wave generator with higher current supply capabilities
than required for tests level 4 in |EC 61000-4-§ may be needed for testing at test
levels 5 or X.

a "X" can be any level, above, below or in between the others. The level
shall be specified in the dedicated equipment specification.

If a current transformer (probe) is used to measure the short-circuit current, it should be
selected, so that saturation of the magnetic core does not occur. The lower (-3 dB) corner
frequency of the probe should be less than 100 Hz. The calibration should be carried out with
a current probe and an oscilloscope or other equivalent measurement instrumentation with a
bandwidth of not less than 1 MHz.

F.3 Field distribution of the double induction coil arrangement

Clause F.3 gives information on the maximum size of an EUT and its location in the double
coil arrangement. According to the main part of the standard, the EUT shall be located within
a volume, where the magnitude of the magnetic field strength is within +3 dB of the field
strength, in the centre of the double coil arrangement.

For the field computations the finite cross-section of the coil conductors are neglected (thin
wire approximation). The computations were performed for two 1 m x 1 m standard induction
coils, 0,8 m spaced.

The +3 dB and -3 dB isolines for the magnetic field strength (magnitude) are shown in
Figure F.2 for the x-y plane and in Figure F.3 for the x-z plane. The maximum EUT size is
width x length x height =0,6 m x 0,6 m x 1,4 m.
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Maximum EUT size
(width x length = 0,6 m x 0,6 m)

x-y plane for z=+0,4 m

+3 dB
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-3 dB

x-y plane for z=-0,4 m

0dB
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77

IEC

Figure F.2 — +3dB isoline for the magnetic field strength (magnitude) in the x-y plane
for the double induction coil arrangement (0,8 m spaced)
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Figure F.3 — +3 dB and -3 dB isolines for the magnetic field strength (magnitude)
in the x-z plane for the double induction coil arrangement (0,8 m spaced)
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Annex G
(informative)

3D numerical simulations

G.1 General

In Annex G some other information is reported concerning the H-field distributions inside and
outside the coils for testing by using 3D numerical simulations in the time domain (dynamic
results) and frequency domain (2D-numerical plot of the H-field) as extension of the 2D plots
of Annex B (static results).

G.2 Simulations

The simulations of Figures G.1 to G.12 are performed as follows:

The coils are excited by an ideal current source (see the symbol "port") having the
mathematical waveform as defined in Annex E of this standard and normalized at 1 A.

Two extreme shape conductors of the coil are considered: one of a rectangular size
10 cm x 1 cm (reported in Annex G) and a round wire of 1 mm radius (results not reported
for brevity).

Default mesh cells are used to speed up the computation for the plots of Figure G.2 and
Figure G.3; for other figures optimized mesh cells are used for better accuracy.

H-field amplitude is indicated as Hx; where x indicates that the considered H-field
component is parallel to the x-axis while the subscript i corresponds to the H-field probe
position from the loop centre to the last far away position.

The 2D H-field plots are calculated at 1 MHz frequency and 0 dB refers to 1 A/m.

G.3 Comments

The following comments have been taken into account as they relate to the figures.

The computed H-field waveform has the same shape of as that of the coil current source.

Very little difference can be noted when comparing computed H-field waveforms with two
extreme conductor shapes for the same coil size.

In the centre of the coils, the induction coil factors are 0,90 m-! and 0,65 m-! respectively
for square and rectangular coils, which practically do not depend on the shape of the coil
conductor.

It is confirmed also by transient simulations that the variation of the H-field is less than
+ 3 dB for the areas shown in Annex B.

It is shown and quantified that the H-field increases rapidly when the probe used for H-
field computation approaches the conductors of the coil.

The H-field value outside the loop is about 20 dB to 40 dB (1/10 to 1/100) lower than the
field at the centre of the loop. This should be taken into account when carrying out the
proximity test method.

For the double induction coil arrangement, which is 0,6 m spaced (Helmholtz setup), the
coil factor in the centre of one coil and between the two coils is respectively: 1,18 m-! and
1,20 m™1; for the one that is 0,8 m spaced it is respectively: 1,07 m-' and 0,94 m-1.
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NOTE The amplitude of the Hx-field inside the loop is negative due to the chosen probe directions.

Figure G.1 — Current and H-field in the centre of the 1 m x 1 m induction coil
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Figure G.2 — Hx-field along the side of 1 m x 1 m induction coil in A/m
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Figure G.3 — Hx-field in direction x perpendicular to the plane
of the 1 m x 1 m induction coil
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Figure G.4 — Hx-field along the side in dB for the 1 m x 1 m induction coil
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Figure G.5 — Hx-field along the diagonal in dB for the 1 m x 1 m induction coil
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Figure G.6 — Hx-field plot on y-z plane for the 1 m x 1 m induction coil
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Figure G.7 — Hx-field plot on x-y plane for the 1 m x 1 m induction coil
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Figure G.8 — Hx-field along the vertical middle line in dB
for the 1 m x 2,6 m induction coil
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Figure G.10 — Hx-field 2D plot on x-y plane at z = 0,5 m for the 1 m x 2,6 m induction coil
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Figure G.11 — Helmholtz setup: Hx-field and 2D plot fortwo1 m x 1 m
induction coils, 0,6 m spaced
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Figure G.12 — Helmholtz setup: Hx-field and 2D plot fortwo 1 m x 1 m
induction coils, 0,8 m spaced
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