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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTROMAGNETIC COMPATIBILITY (EMC) -

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

FUOREVWURD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization”eompr
Il national electrotechnical committees (IEC National Committees). The object of IEC js to pro
ternational co-operation on all questions concerning standardization in the electrical and eleetronic field
his end and in addition to other activities, IEC publishes International Standards, Technical Specificat]
echnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as

ublication(s)”). Their preparation is entrusted to technical committees; any IEC National€Committee interg

the subject dealt with may participate in this preparatory work. International,\governmental and

overnmental organizations liaising with the IEC also participate in this preparations’|IEC collaborates cl
ith the International Organization for Standardization (ISO) in accordance with-conditions determine|
greement between the two organizations.

Q = T = Q

onsensus of opinion on the relevant subjects since each technical ¢dmmittee has representation fro

g
Tlhe formal decisions or agreements of IEC on technical matters express, asmearly as possible, an internat
qg
interested IEC National Committees.

IEC Publications have the form of recommendations for international* use and are accepted by IEC Natf]
Gommittees in that sense. While all reasonable efforts are made. fo ensure that the technical content off
Hublications is accurate, IEC cannot be held responsible for’the way in which they are used or for
misinterpretation by any end user.

Ip order to promote international uniformity, IEC National Committees undertake to apply IEC Publica
tfansparently to the maximum extent possible in theit:hational and regional publications. Any diverg
Hetween any IEC Publication and the corresponding national or regional publication shall be clearly indicat
the latter.

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

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

A

N

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

A
i

ttention is drawn tolthe Normative references cited in this publication. Use of the referenced publicatio
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 subj¢
pdatent rights{JEC shall not be held responsible for identifying any or all such patent rights.
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International Standard IEC 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
editjon:

a) pew Annex B on induction coil field distribution;

b) pew Annex D on measurement uncertainty;

c) hew Annex E on mathematical modeling of surge waveform;

d) pew Annex F on characteristics using two standard induction coils;

e) pew Annex G on 3D numerical simulations;

f) :r?il fadctor calculation and calibration using current measurementihave been addresse(d in
is edition.

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

CDV Report on voting
77B/728/CDV T7B/7T45A/RVC

Fulllinformation on the voting for the approval of this standard can be found in the reporf on
votipg indicated in the above table.

Thig 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 Electromagrietic
compatibility (EMC), can be found on the IEC website.

Thel 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 speacificpublication. At this date, the publication will be
e feconfirmed,

e Wwithdraws,

o feplaced by a revised edition, or

° bmandad
SHHeH 0

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

Par

Par

Par

Description of the environment
Classification of the environment
Compatibility levels

t 3: Limits

Emission limits

mmunity limits (insofar as they do not fall under the responsibility of the pro
committees)

t 4: Testing and measurement techniques

Measurement techniques

lesting techniques
t 5: Installation and mitigation guidelines

nstallation guidelines
Mitigation methods and devices

Huct

Parf 6: Generic standards

Part 9: Miscellaneous

Each part is further subdivided into several parts, published either as international standards
or gs technical specifieations or technical reports, some of which have already been published
as gections. Others Wwill be published with the part number followed by a dash and a second
number identifying\the subdivision (example: IEC 61000-6-1).

Theke standdrde and renorte will _he nublished in chronoloaical —order and - numbdred
Fhese standards —and reports—will -be published in—chronological order -and numbegred
accprdingly-

Thig

paft is an international standard which gives immunity requirements and test proceddrres

rela

ted to "pulse magnetic field".
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ELECTROMAGNETIC COMPATIBILITY (EMC) -

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

1 Scope and object

Thig part of IEC 61000—+elates—to specifies the immunity requirements, test methods, Jand

range of recommended test levels for equipment,—enly-under-operational-conditions;Subjected
to-pptse impulse magnetic disturbances mainly-related-te encountered in:

— |ndustrial installations,

— power plants,

— failway installations,

— medium voltage and high voltage sub-stations.

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

Thig standard does not consider disturbances due to capacitive or inductive coupling in cables
or pther parts of the field installation. Other IEC standards dealing with condug¢ted
distprbances cover these aspects.

The| object of this standard is to establish a common-and-reproeducible—basis reference for
evaluating the-performance immunity of electrical and electronic equipment—for—-househeld;
commercial-and-industrial-apphieations when subjected to-pulse impulse magnetic fields. [The
test| method documented in this part. gf,1EC 61000 describes a consistent method to asdess
the jmmunity of an equipment or system against a defined phenomenon.

NOTE As described in IEC Guide 10%;~this is a basic EMC publication for use by product committees of the|lEC.
As dlso stated in Guide 107, the.NeC”product committees are responsible for determining whether this immpnity
test ptandard is applied or not, and if applied, they are responsible for determining the appropriate test levelq and
perfgrmance criteria. TC 77_ahd its sub-committees are prepared to co-operate with product committees i the
evalpiation of the value of partieular immunity test levels for their products.

Thig standard defines:

— fecommended a range of test levels;
— lest equipment;
— lest setups;

— est nraocedures
g

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.
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IEC 60050 (all parts), International Electrotechnical Vocabulary (IEV) (available at
www.electropedia.org)

For|the purposes of this document, the terms and definitions given in Ipé 60050 as wel| as
the [following apply. S
Q

3.1/ (‘o'\

caIiEration

set [of operations which establishes, by reference to stand @5 the relationship which exists,
under specified conditions, between an indication and a réu t of a measurement

L

Notel 1 to entry:  This term is based on the "uncertainty"” appr@
t

Notel 2 to entry: The relationship between the indication§n he results of measurement can be expresseld, in

prindiple, by a calibration diagram.
%

[SOURCE: IEC 60050-311:2001, 31 1—01—&@

N

3.1p R\4

combination wave generator o

CW’E \{‘\

gengrator with 1,2/50 ps o%(o-circuit voltage waveform and 8/20 us short-circuit curfent

waveform

Notel 1 to entry:  This de@@] is abbreviated from the equivalent definition in IEC 61000-4-5.
Note] 2 to entry: T&Qﬂe applies to the French language only.

318

durption O

Ty |

<suf rrent for 8/20 us> virtual parameter defined as the time interval between the instant
atw i i j lue

(T,), multiplied by 1,18
Ty=1,18 x T,,

SEE: Figure 2.

3.1.4

front time

Ty

<surge current> virtual parameter defined as 1,25 times the interval 7, between the instants
when the impulse is 10 % and 90 % of the peak value

SEE: Figure 2.
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3.1.5

immunity

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

[SOURCE: IEC 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—fretd—ofdefined—censtanrcy—tr—its—rtamre—and—rtre—erctosec—retometniformity—n a
defined volume

3157
induction coil factor
ratiop between the magnetic field strength generated by an induction coil of given dimensjons
and|the corresponding current value

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

3.1.8
prokimity method

ved

3.1/10
risg time
T

r
intefval of time between theNnhstants at which the instantaneous value of an impulse ffirst

rea¢hes 10 % value and then 90 % value

SER: Figure 2.

3111
surge
transient wawve of electrical current, voltage or power propagating along a line or a circuit jand
chalacterized 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
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[SOURCE: IEC 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.

method-of annlication—of the maanetic field-to-the EUUT which is nlaced - in the caentre of an
mRetpoc—-orappHCatHoR—oO+—tne aghedcHeGtome = +——WHeRHISpraceaHh—mne-Gere—oran
degouelinenetperlc baclc flier

aledtrical cireuit inteanded-to asvoid recinroeal - influence with other eaamibment not cubmitted to
eegtHcar— ccHiteRce o avVoiGreciprocar—HhHdeRcewWin—-othRer—Legtipmenthot-SsuoiHtegto

3.2 Abbreviated terms

AE Auxiliary equipment

CDIN Coupling/decoupling network
CWG Combination wave generator
EFT/B Electrical fast transient/burst
EMC Electromagnetic compatibility
ESI Electrostatic discharge

EUT Equipment under test

MU Measurement unceftainty
RGIP Reference grountdplane

4 |[General

Thel magnetic fields'\to which equipment is subjected may influence the reliable operation of
equjpment and systems.

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

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

In high voltage sub-stations,-a-pulse 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—telecentrel their control centres. It is not relevant for
distribution network equipment (e.g. transformers, power lines).

Product committees may consider other-pessible applications.
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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)

not applicable
not applicable
100
300
1000
x@ special

a b WO N -

NOTE The magnetic field strength is expressed in A/m; 1 Alm,corresponds to
a free space4’nduetien magnetic flux density of 1,26 uT.
a o« =

"X "%@peﬂ can be any level, above, below or igp between the others.

The level-can-be-given-intheproduet shall be spegified in the dedicated

equipment specification.

Infokmat he seloction_of ! -

Infokmati Llevels s aiveni 3

The] test levels shall be selected. @¢tording to the installation conditions.

insthllation are given in Annex C.

Classeq

of
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6.1

The
top

6.2
6.2.

For

NOT]
give

The]
able

The]
the

Thig

con

Test instrumentation A

General CO

test system comprises the combination wave generator and the mductloro'l/@ll for a ta
test setup and, in addition, an RGP for a floor-standing test setup.
b"

Combination wave generator QQ'
1 General '\Q
©

this application, the combination wave generator is usedéé current source.

FE The combination wave generator specified in this standard adtentical wave shape definitions to the
in IEC 61000-4-5.

refore only the 8/20 us waveform is releva%ﬁ'he combination wave generator shal
to deliver the required impulse current to duction coils specified in 6.3.

nduction coil connected.
¥
generator is intended to gen@te a surge having:

pa short-circuit current\@ time of 8 us;
pa short-circuit curre@duratlon of 20 us.

A simplified circuit @m of the generator is given in Figure 1. The values for the diffe

ponents Rgy, Rgp, Ry, Ly, and C, are selected so that the generator delivers an 8/2

curent surge i@a short-circuit.

Ry
&

ble-

pnes

be

waveform is specified as a short- cwcﬁ@current and therefore shall be measured without

rent
) us
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R, Switch R, L, Co
— L —— I—
Internal or
U C, R Ry, e?geLnFal
capacitor
T
IEC
Key
U High-voltage source
Re Charging resistor
Ce Energy storage capacitor
Rg Impulse duration shaping resistors
Rm 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
6.2.2 Performance characteristics of the gengrator
Polarity positive and negative
Phgse shifting in a range between 0° to 360° relative tofthe

Repgetition rate

Shdrt-circuit peak output current

Wa

Shqart-circuit peak outpug current tolerance

eform of the surge curréent

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

phase angle of the a.c. line voltage to the EUT
with a tolerance of + 10°

1 per minute or faster

100 A to 1000 A or the required test |
divided by the coil factor

pvel

see Table 2 and Figure 2
+10 %

Front time Ts

Duration Ty

us us

Shert-circujt current

Tg=125xT,=8+20%

Tq=1,18x T, =20+20 %

A generator with floating output shall be used.
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r 3
i
1,0
0,9F
0,5
i TW -
0,1
», AN > A

— AN - }Oto—O,B t Qy
NO

Q¥

Front time: Te=1,25x T, = 8 s + 20 % b‘?_)

Duration: Tq=1,18 x T, = 20 ps + 20 % QQ’
FE 1 The value 1,25 is the reciprocal of the difference between the 0,9 and Or,s{ resholds.
F 2 The value 1,18 is derived from empirical data. C)

Figure 2 — Waveform of short-circuit fz\u\rent (8/20 ps)

at the output of the generator with the SQF capacitor in series
3 Calibration of the generator Q
N

current transformer (probe) is used to meé%gre short-circuit current, it should be sele
fhat saturation of the magnetic core s not take place. The lower (-3 dB) co
uency of the probe should be less th 100 Hz. The calibration shall be carried out wi

curlent probe and oscilloscope or r equivalent measurement instrumentation wit

ban
are

The]
ins
in th

All
met

6.3
6.3.

dwidth of not less than 1 MHz. The calibration shall be performed for all test levels, w
applied for testing. \Q

-

characteristics of the ﬁ\\gr’ator shall be measured through an external capacitor of 18
eries with the output, .u
e generator, no e@nél 18 uF capacitor is required for calibration.

O

at the oua‘ f the generator.

|.8Q\(Ron coil

1\Q/Fie|d distribution

cted
rner
fh a
h a
hich

uF

er short-circuit conditions. If the 18 uF capacitor is implemented

berformance l(a}acteristics stated in 6.2.2, with the exception of phase shifting, shal| be

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.



https://iecnorm.com/api/?name=8c6c1fc2c04782eda54a4c717d5b4b81

- 20 - IEC 61000-4-9:2016 RLV © IEC 2

Oscilloscope

588

Attenuator )

Current probe

016

Oth
the
mea

6.3.

The
mag
stah

The]
the
dist

6.4
The]

The
coil
givg
The

Surge generator . J/

IEC

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

br coils of different dimensions may be used for an EUT whidhydoes not fit inside eithe
two standard coils. In these cases, the field distribution shall be determined
surement or calculation (see Annex A).

2 Characteristics of the standard induction ¢gils of It mx1mand 1 m x 2,6 m

standard induction coil shall be made of.cGpper, aluminium or any conductive 1
netic material, of such cross-section and “nechanical arrangement as to facilitatd
le positioning during the tests.

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

Calibration of the test'system

output curréntshall be verified with the generator connected to the standard indug
specifieddn™6.2.1 for all applicable test levels. In order to comply with the specificat
n in Table'3 and Table 4, an external capacitor (e.g. 18 uF) in series may be requi
capacitor may be incorporated in the generator. The connection shall be realizeg

twislted conductors or a coaxial cable of up to 3 m length and of suitable cross-section.

r of
by

on-
its

e of
ield

essential characterjstics of the test system shall be calibrated by a current measurenjent
(seg Figure 3).

tion
ons
red.

by

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 Ts Duration Ty
System using1 m x 1 m _ _ +2,4 _ B 16
standard induction coil If=1,25x T =8 us _gg ps Tq=118xT1,,=20pus 5 ps
System using1 m x 2,6 m _ _ +3,2 _ _ +8
standard induction coil TF=125xT =8 us _gg us Tq=118x T, =20us _, pus
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Table 4 — Specifications of the waveform peak current of the test system

Test

level

Peak current 7+ 10 %

A

System using 1 mx 1 m
standard induction coil

System using 1 m x 2,6 m
standard induction coil

not applicable
not applicable
111
333

not applicable
not applicable
152
453

a B wN -

xa

1111
special/0,9

1515
special/0,66

3

Q}/

If a
SO
freq

curlent probe and oscilloscope or other equivalent m

ban

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).
a

be specified in the dedicated equipment specification.

"X" can be any level, above, below or in between the others. The level

©
3

b‘/
Q’
current transformer (probe) is used to measure short-circuit ¢ %nt it should be sele

fthat saturation of the magnetic core does not take placéb he lower (-3 dB) co
uency of the probe should be less than 100 Hz. The cali @on shall be carried out wi

dwidth of not less than 1 MHz.

Test setup

ement instrumentation wit

N
71| Test equipment %
Thel| following equipment is part of the te@sgs;tup
— pquipment under test (EUT); Q‘\Q)
— huxiliary equipment (AE) whe?\%quired;
— fpables (of specified type length);
— fombination wave generator (CWG) with an internal/external (e.g. 18 uF) capacitor;
— |nduction ’r. :
- 'efere ound plane{GRP} in case of testing floor standing equipment;
Prega Of a e-taken ha te ane aeld-ma nterfere h the te a umenta

cted
rner
th a
h a
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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:

It is

equjpment (e.g. current probe, oscilloscope). \CO

NOT|
7.3

Tab
be
Tm
0,6

The]

Wh
(se
the

NOT]
metH

It is
cab
this
the

An
at |
enc

surge impulse present at the induction coil terminals. A

A\
sufficient to verify that the surge is present at any level by using suitable Qé'asu

Q

. Test laboratories can define an internal control reference value assigned to this veri@t n procedure.
’
Test setup for impulse magnetic field applied to a table-top %&‘

le-top EUTs shall be placed on a non-conductive table. The 1 1 m induction coil
ised for testing EUTs with dimensions up to 0,6 m x 0,6(® % 0,5 m (L x W x H).
x 2,6 m induction coil may be used for testing (L»Ts with dimensions up
M x 0,6 m x 2 m (L x W x H). \Q/

S

induction coil shall be positioned in three orthog&l orientations.

7.4) can be used or larger induction Coil§ ay be constructed to suit the dimension
EUT for different field orientation of thge@gnetic field.
b

E If it is impractical to construct coils fqr@ large equipment, the proximity method is the only suitablg
od. A\

not necessary to maximiaﬁ‘t@e impact of cables during this test. The proximity of
es to the loop antenna can‘impact the results so the cables shall be routed to minin
impact. The minimizezgga\bling dimension shall be incorporated into the determinatio
maximum size of Ig; at can be tested.

RGP is not reog@j below the EUT (see Figure 4 below). The induction coil shall be
past 0,5 m f any conducting surfaces, for example the walls and floor of a shiel

OSUF;OQ
O
NS

n an EUT does not fit into the induction co \0?1 m x 2,6 m, either the proximity method

ring

may
The
to

5 of

test

the
hize
n of

ept
ded
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0

Twisted T
cable length — EUT
maximum 3 m (@) I:H

s
CWG

L97/57

Figure 4 — Example of test setup for table-top equipment
showing the vertical orthogonal plane

IEC

7.4| Test setup for impulse magnetic field applied to a flooristanding EUT

Thelinduction coil of standard dimensions for testing floor stading equipment (e.g. racks)[has
a rgctangular shape of 1 m x 2,6 m with one short side which may be the RGP for large sized
equjpment. The 1 m x 1 m induction coil can be use@/for floor standing equipment with|the
maXimum dimensions of 0,6 m x 0,6 m.

Thel RGP shall have a minimum thickness of 0565 mm and a minimum size of 1 m x 1 m. [The
EUT shall be insulated from the RGP.

N
% d =1 WG

it
Y v ©° i /
&
RGP

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

1,5m

1,0’ m
m

IEC

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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EUT

g

/ I A~/ IC':NG

—"

RGP

1EC

Figure 6 — Example of test setup for floor standing equipment
showing the vertical orthogonal plane

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

Figure 7 and 7.5 for more detailed information) can besWsed or larger induction coils
constructed to suit the dimensions of the EUT fora different field orientation of
netic field (see Annex A).

is impractical to construct coils for very large.equipment, the proximity method is the
hble test method. Product committees may select either the proximity method or us
hble coil.

not necessary to maximize the impact of cables during this test. The proximity of
es to the loop antenna can impag#’the results so the cables shall be routed to minin
impact. The minimized cablingsdimension shall be incorporated into the determinatio
maximum size of EUT that canvbe tested.

EUT

7.5

n an EUT does not fit into the rectangular coil of 1 m x 2,6 m, either the proximity method

may
the

bnly
e a

the
hize
n of

i H
1% §H ]

IEC

Figure 7 — Example of test setup using the proximity method

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
Thel test procedure-shall includes:

— the verification of the test instrumentation according to 7.2;
— yerification the establishment of the laboratory reference conditions;
— preliminary—verification the confirmation of the correct operation of the-egquipment EUT;

— farrying-out the execution of the test;
— fhe evaluation of the test results (see Clause 9).

8.2| Laboratory reference conditions

8.2 Climatic conditions

Unlgss otherwise specified in generic, product family or product standards, the climatic
conflitions'in the laboratory shall be within any limits specified for the operation of the EUT
and| thetest 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;—otherwise,—thetests—shall-be

carried out in-a Faraday cage.
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Carrying-out Execution of the test

8.3

L1aa~

mity

mity
leof

TS

Ve oot o o T qutp et p o o antCeo—oianr— o oaca—out— ot

5P
b‘/

/
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ationarv tyna tha nro

In orderto-detect the most susceptible side/positions-of the EUT mainlvo.

tY P tePpro

o tatoHaty
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five and 5 nillses of neadtive
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—He—Eo—aihty
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TFTha tast shall C
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ThnCanr\Hr\n coillshall then be rotated - bv-90° in order to-exnose the EUT to the test field

O ic—tCot

T O OCT—to CApPOST e o

OO U O GO oot o T ToOtatCO— oy Jo

Praimim o Varfi st o cdbDmen Darormances ciat b carr e o ororr o annivindadl-the

rofrhary

NOT

metH

Th tact ic narformed bv annlvinag 3t least 5 nulses of V\&Q

polg
Thel

It is preferable to perform the verification prior to the test

Verification shall be performed.

(see 7.2).

be performed according to a test plan which shall specify the test setup,

The test shall
including:

test level,

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;
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phase synchronization;

— for three-phase a.c. powered EUT, 20 positive and 20 negative impulses without ph

synchronization;

016

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

ase

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;

hraa orientatiaons of tha maanatic figld in casa of floor standina aallinmant:
J J 1 ~ 7

For
con

NOT]
tech

NOT

9

The

performance of the equipment under test, relative to a performance level defined by

mari
pur

a)
b)

c)

d)

The]
insi

This
res
agr
whdg

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

most products, phase synchronization may not be appropriate; therefQre” pro
mittees should decide on the need of phase synchronization for their produgets:

F 1 The application of tests with different phase angles may be more critical for eguUipment with iny|
hology.

- 2 Special safety considerations may be needed when using the generator’'s-CDN output.

Evaluation of test results-and-testreport

test results shall be classified in terms of the loss of function or degradatior

ufacturer or the requestor of the test, or agréed between the manufacturer and
haser of the product. The recommended classification is as follows:

temporary loss of function or degradation of performance which ceases after
disturbance ceases, and from whi¢h the equipment under test recovers its noj
performance, without operator intervention;

pperator intervention;

oss of function or degradation of performance which is not recoverable, owing to dam
fo hardware or software,.or loss of data.

manufacturer’s specification may define effects on the EUT which may be considg
gnificant, and therefore acceptable.

classification may be used as a guide in formulating performance criteria, by committ
onsiblel for generic, product and product-family standards, or as a framework for
ement on performance criteria between the manufacturer and the purchaser, for exan
re‘no-suitable generic, product or product-family standard exists.

hormal performance within limits specified by’the manufacturer, requestor or purchaset;

Huct

erter

of
its
the

the
mal

temporary loss of function or degradation of performance, the correction of which requjires

age

bred

ees
the
hple
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Eorlthece conditions— it shall he verified that the eauinment is ab ;r\ recoverite onerdtive
Ot eSe—-CoRGHoORSH—SHat—pPe—vYerHeahat—tne—eqgtHpmhet—1Sapresto e cover—HS—opergtve
canhbilities by itealf ot the and of tha tact: tha tima intarval dudina which tha aauinment lhac
Cappohtiie SOy HSeHattRe-enc-—orthetesthetmethtern/arGudRfg-Whech—the-eqtipmentnas

10

The]
the

Test report s\\‘}\

test report shall contain all the inform@on necessary to reproduce the test. In particy
following shall be recorded: $

he items specified in the test plaﬁs\required by Clause 8 of this standard;

ype, serial number; ‘\Q

hny special envir ental conditions in which the test was performed, for exa
hielded enclos

bny specific ggitions necessary to enable the test to be performed;

berform evel defined by the manufacturer, requestor or purchaser;

berfor ce criterion specified in the generic, product or product-family standard;

2] g-f’fects on the EUT observed during or after the application of the test disturba

the duration for which these effects persist:

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

dentification of the EUT anq{é\ay associated equipment, for example, brand name, progluct

dentification of the teﬁ@huipment, for example, brand name, product type, serial nurr:rTer;

ar,

ple,

nce,

the
and

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
(rermative informative)

Characteristics of non standard induction coils-calibration-method

General

When an EUT does not fit into standard induction coils, either the proximity method ma

use
acc

be

bmmodate the dimensions of the EUT for the different orientations of the magnetiéﬂg

H or non standard induction coils may be used. Non standard coils are constru%di to

Notg that larger induction coils give repeatable results, but it may not be practigggg construct
very large coils. The maximum dimensions of non standard induction coils a termined by
whether the waveform requirements of the 1 m x 2,6 m coil can be achiqu ~ The proximity
method may give useful but not necessarily reproducible results. b(
Q/
NOTE Due to the possible large dimensions of EUTs, the coils can be made of " "T" cross-sectional shape in
ordef to have sufficient mechanical rigidity. %'\
A.2l Determination of the coil factor ((,C)
;\\
A.2|1 General Q O
Thelinduction coil factor shall be determined by méastrement or calculation. The coil fact:ﬁr is
usef to calculate the current in the induction co@@ obtain the required magnetic field strempgth
in the centre of the induction coil. 2
. )
A.2]2 Coil factor measurement $
A.2{2.1 General A‘\Q)
O
In qrder to compare the test «esults from different coils, the induction coil factor shall| be

medqg

A

strength H generate@

sured in a free space 08}@1 on without an EUT.

agnetic field senso of adequate sensitivity shall be used to measure the magnetic
the induction coil.

O

field

Thel field sens ‘hould be positioned at the centre of the induction coil and with suitable
origntation ect the maximum value of the field. The current 7 in the induction coil shall be
megsured adjusted to obtain a field strength within the measurement range of|the
magnetijc field sensor. The coil factor, k¢, is obtained as kg = HII.

A.2

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:
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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
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 « + b and ¢ (see Figure A.1), the coil factor
kCF is giVen by

HP) 1| 4alc+cla 4blc+clb (A1)

T Ar | 2P \/b2 (c/2f

kcp(P)=

whgre H(P) is the magnetic field at point P and 7 is the induction coil current)Equation (A.1) is
valifl, when the largest dimension of the cross-section of the coil inductor is small compgred
to the shortest side of the induction coil. For a square induction coil Mith side ¢ and if P is at
the |centre of the coil, then a = b = ¢/2. If P is at the centre of a rectahgular coil, then a = p. If
the RGP is the bottom side of the coil, then equation (A.1) is stilkyalid taking into account|the
imape of the actual (physical) coil. In this case, if P is at the gcentre of the physical coil, then
the [k of the coil formed by the physical coil plus its imagelisgiven by equation (A.1) with b
= X a.

cl2 cl2

IEC

Figure A.1 — Rectangular induction coil with sides « + 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 compnsmgw%band callbrated sensors%MH}mmmmbandwéth—awlabl&m

, for
example a “HaII effect“ or multl turn Ioop sensors W|th a dlameter of at Ieast one order of
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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.

A.4 Verification of non standard induction cq’tl

The| measurement may be carried out by inj s{gg the power frequency current into|the
indyction coil and measuring the magnetic ﬂk& using sensors placed at the geometrical
cenjre of the coil as shown in Figure A.2. (%)

§\' Induction coil
— Inductior\\%i

O
&
AC source C)\
A==y {1
C)® Magnetic

field sensor

O Magnetic
C)é AC source field sensor

-

7
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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Uz 3db area
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%+ 3 dB area
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B.1

Information on the field distribution of standard induction coils

General

—42 —

Annex B
(informative)

IEC 61000-4-9:2016 RLV © IEC 2016

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]
1Tm

For
wirg

B.2

The
Figdgre B.1 for the x-y plane and in Figure B.2 for the x-

K
N

wid

NOT]

inductance for the single turn standard 1 m x 1 m coil is approximately 2,5 n

x 2,6 m standard coil is approximately 6 pH.

the field computations the finite cross-section of the loop conductors §ba neglected

approximation).

1 m x 1 m induction coil

+3 dB and -3 dB isolines for the magnetic field stsgﬁgth (magnitude) are shown in
plane. The maximum EUT siz

h x length x height =0,6 m x 0,6 m x 0,5 m..

0 dB

Q/
Q
Q
(.O'\

Maximum EUT size

+3 dB

\x—y plane

G

\x-z plane

@.

FE The Q isoline is not shown because it is outside the loop

Q’\

" (width x length = 0,6 m x 0,6 m)

IEC

Q/C)Figure B.1 — +3 dB isoline for the magnetic field strength (magnitude)
N\ in the x-y plane for the 1 m x 1 m induction coil

N\
I-{-S??;o f

the

thin

e is
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Maximum EUT size

(width x height = 0,6 m x 0,5 m)

——

x

7

B.3

The]

Figgre B.3 for the x-z plane and in Figure B.4\for the x-y plane. The maximum EUT siz
h x length x height = 0,6 m x 0,6 m x 2y

wid

For
as i

hfinite.

N

\x-z plane

+3 dB

-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

1 m x 2,6 m induction coil with referenceground plane

the calculation of the +£3 dB isolinés the size of the reference ground plane is considg

+3 dB and -3 dB isolines for the magnetie* field strength (magnitude) are shown in

e is

bred
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......... +3 dB

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

/\ '\\x-y plane

0dB

| x_z plane

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

IEC

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 coil™with reference ground plane

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

=4

OdB/ +3dB

A

IEC

-3 dB

R\

Figure B.4 — +3 dB and -3 dB isolines for the 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)

\x-z plane

IEC

NOTE The -3 dB isoline is not shown because it js‘eutside the loop.

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

Maximum EUT_size
(width x height = 0,6 m x 0,6 m)

== 1 _-3d8

Tz ptame

N\
X

/ / IEC

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

016

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
and-environmental conditions.

Ihelse Recommendations for test levels are-eutlined given in Clause 5.

An

equ
repf
test

Cla

Cla

he electromagnetic environment;

concerned;

he installation conditions typically to be expected for an installation in the electromagn
environment under consideration;

he need and amount of compatibility margins, i.e. the margin between the maxin
Histurbance level and considered immunity level.

hppropriate test level for equipment depends omthe electromagnetic environment in w
pment is intended to be used. Based ofi common installation practices which
esentative for the electromagnetic enviroiment concerned, a guide for the selectio

The test is not applicable to equipment intended to be used in this clas$
environment because the—areas locations concerned are not subjected to

he potential proximity of impulse magnetic field disturbances sources to the equipment

etic

num

hich
are
h of

levels for-pulse impulse magnetic fields_tésting may be the following:

5s 1: Electromagnetic environmen® with particular mitigation measures employed in
order to allow electromagiéetic phenomena to occur to a certain extent only (e.g.
phenomenon does not_occur, phenomenon occurs with a relatively low amplifjude
only, etc.)
Controlled electfopiagnetic environment: where sensitive devices are plannefl to
be used (e.g. eleCtron microscopes, cathode ray tubes, etc.)
The testis  not appllcable to eqmpment intended to be used in this clas; of

5s 2:  (Well-protected Electromagnetic environment representative for residential areas

influence of ||nhfn|nn and initial trangiagnt foult currant Q\Allfr‘hlnﬂ nhannmnn

medium- voltage and hlgh voltage substations.

Class 3:  Protected Electromagnetic environment representative for office/commercial ar

eas

Locations of this class of environment are characterized by a potential proximity-ef
earth—conductors—of lightning—protection—systems—and—metallic—structures to
medium-voltage and high-voltage switchgear or to conductors carrying
corresponding transients. A computer room in the vicinity of a sub-station m
be a representative for such location.

ight
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Class 4:

Class 5:

Fypicatindustrial Electromagnetic environment representative for industrial are

as

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

nts.
ons

Cla

It s
ass
sew
suc
sho

The]
as

abo
con
eled
be (

5s X

above selection of test levels in term$ of electromagnetic environments should be (
h guide only. There might be casgs* where a location might be assigned to one of
ve types of electromagnetic eryironments but due to the features of the equipment
cerned or other circumstances)a different test level than that associated to that typ
tromagnetic environment might be more appropriate. Corresponding assessment sh
one by the parties involved’(e.g. product committees).

Harsh electromagnetic environment-is which can be characterized by the folloy
attributes: conductors, bus-bars or M.V.or H.V. lines carrying tens of kAxgrg
senductors _eI Hlle Ilglntlml_g P _eteetle sy-ste o gh—structuresikoCthe
Switchyard areas of heavy industrial plants, M.V/H.V. sub-statipns and pqg
stations—may might be representatives—ef—this for locations: with such
electromagnetic environment.

Special electromagnetic environment

ving
und

wer
an

The minor or major electromagnetic separation of-interference sources from

equipment circuits, cables, lines, etc., and the quality of the installations
require the use of a higher or lower-ervirormental iest levels than those descri
above. This may need a case-by-case assessrent.

may
bed

hould be noted that the lines of equipment(e.g+ cabling, bus bars, overhead lines)
bciated to electromagnetic environments with-aShigher test levels can penetrate—a—ig
brity-environment into locations being assignedo an environment with lower test levelg.
h cases a re-assessment of the latter location with respect to the suitable test le
Lld be carried out.

Wer
In
vels

sed
the

e of
buld
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Annex D
(informative)

Measurement uncertainty (MU) considerations

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
eac
imp
med
des

In o

a)
a)

b)
c)

Thel
des

defined in the basic standards, and the re

the

Sin
and
nun
the
This

D.2

time ot a current impulse with an oscilloscope by using a current probe). The resu
h measurement includes a certain amount of measurement uncertainty (MU) du%
brfection of the measuring instrumentation as well as to the lack of repeatabi of
surand itself. The evaluation of MU is done here according to the principles éh;i meth
Cribed in [IEC TR 61000-1-6. (19'\

Fder to evaluate MU it is necessary to: b‘q

/
dentify the sources of uncertainty, related both to the measurin&strumentation an
the measurand,

huantities and the measured (output) quantity,
bbtain an estimate and standard uncertainty of the inp }uantities,

bf the measurand.

se estimates and uncertainties, derived \a particular disturbance quantity, do
Cribe the degree of agreement between simulated electromagnetic phenomenon
ectromagnetic phenomenon in the world out

aboratory. $

)
e the effect of the parameters T\me disturbance quantity on the EUT is a priori unkn

yields to more than one”uncertainty budget.

o

Peak o current impulse injected into the coil
Pea%@the magnetic field impulse

Legend

actor of the induction coil: Hp = kg x Ip

&nf timo aof the current and mngnnfir\ field impnlcne- TT =1 ”)R ’T‘r

N
dentify the functional relationship (measurement model)d@meen the influence (input)

t of
the
the
ods

H to

bbtain an estimate of the interval containing, with Q\igh level of confidence, the true value

not
as
side

pwn

in most cases the EUT sh a nonlinear behavior, a single estimate and uncertdinty
bers cannot be defined f,oc\)h'le disturbance quantity. Therefore each of the parameters of
disturbance quantity wilt\b€ accompanied by the corresponding estimate and uncertainty.

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
Duration of the current and magnetic field impulses: 74 = 1,18 T,

NOTE The meaning and the relations among the symbols u(x,), ¢, u,(v), u,(v), U(y) and y are explained in
IEC TR 61000-1-6.
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field measurement uncertainty

Uncertainty contributors to the surge current and to the surge magnetic

The following list shows the contributors used to assess both the measuring instrumentation

and

D.4
In fhe case of the magnetic field test, the urbance quantities are the surge cur
gengrated by the test generator and injected “into the coil terminals and the surge magn

dist

field. It is assumed that the magnetj&\ ield generated by the induction coil is proportiond

the

and

D.1
incl

and

D.4

Thel asurand is the surge current front time calculated by using the functional relationshi

D.4 Uncertainty of surge current and surge maqg; ic field calibration

field applied to the EUT. As discussed@Clause D.1, an uncertainty budget for ¢
medsured parameter of the disturbar@b\

Thefrefore the surge magnetlc{jf has the same front time and width as the surge curr

The] approach adopte%\ere to evaluate impulse MU is described in D.4.6 and D.4.7. Ta

details (nume{%ﬁ\values, type of probability density function, etc.) of each contributor to

test setup influences:

reading of peak value
reading of 10% level

reading of 90% level

reading of 0% level Q
pbandwidth of the measuring system Q}/
Ehape of the impulse response of the measuring system '\('o
bscilloscope horizontal axis measurement error Q

bscilloscope vertical axis measurement error
measurement system, measurand and setup repeatability (type A) Q’
calibration of oscilloscope and measuring system ,\Q

Coil factor of the induction coil CO

O

1 General QQ

uantity is required. The parameters of th
r the surge current, and Hp for the surge magr

irbance quantities are /p, Tf and T,
current flowing into its termi , the constant of proportionality being the coil factor

the peak of the magnetm\@ d is obtained as Hp = k¢ x Ip.

D.2, and D.3 gi xamples of uncertainty budgets for the surge parameters. The ta
ide the input (quantities that are considered most significant for these examples,

the resul the calculations required for determining each uncertainty budget.

2 Cﬁ)nt time of the surge current

rent
etic
ach
ese
etic
| to
(CF
ent,

Dles
Dles
the
MU

Tf = 1,25\/(T90% —T10% +6R)2 _TI\%S (D1)

where

a
Tira = — D.2
Ms =5 (D.2)

and:

T409 is the time at 10 % of peak amplitude


https://iecnorm.com/api/?name=8c6c1fc2c04782eda54a4c717d5b4b81

IEC

61000-4-9:2016 RLV © IEC 2016 -51 -

Tyo9, is the time at 90 % of peak amplitude

OR is the correction for non-repeatability
Tws 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%)
s . . Error . a . . .
ymbol | Estimate | Unit " " Unit PDF Divisor u(x.) c. Unit u.(y) Unit
Tiobe 0,74 us 0,0050 | us triangular 2,45 0,0020 | -1,2563 1 0,002 6 1¥s
Tooks 7,94 us 0,0050 | us triangular 2,45 0,002 0 1,256 3 1 0,0026 | s
. normal
oR 0 ns 0,025 | M | (k=1) 1,00 0,0250 | 1,2563 1 0,0314 | 43
us us -
4 360 kHz 40 kHz | rectangular | 173 | 930940 | -0,0003 |, X7 | 00058 | f°
B 500 kHz 50 kHz rectangular 1,73 28,867 5 0,000 2N us/kHz 0,005 3 | ys
ug(y) = VZu,()? 0,03256 | s
U(y) = 2 ug( 0,06 | ds
y 8,95 | |s
@ Pfobability density function
Tyolws Tog o: is the time reading at 10 % or 90 % qf\fhe peak amplitude. The error bound is
obtgined assuming a sampling frequency of 100 KIS/s and a trace interpolation capability of

the

probpability density function should be assumed. Only the contributor to MU due to

san
ass

VAVESE

a (
The
sha
Sys
fro

pro

scope (triangular probability density function). Were this not the case, a rectang

pling rate is considered here, for additional contributors see D.4.5. The readings
imed to be 74, = 0,74 pus and Tyq o, =+7,94 ps.

ular
the
are

ient

is the calculated rise time of the.step response of the measuring system. The coeffig
see Clause D.2), depends onsthe shape of the impulse response of the measuring sys

em.

range 360 + 40 is representative of a wide class of systems, each having a diffefent
be of the impulse respornse’(see D.4.6 and Table D.4). The bandwidth B of the measufing
em can be experimentally obtained (direct measurement of the bandwidth) or calculated

the bandwidth B, ‘ef ‘each element of the measurement system (essentially a cur
e, a cable and g’sgope) by using the following equation:

\5) ()
—= =] +=] +. (
B \|B B,

An

rent

D.3)

pstimate of 500 kHz and a 50 kHz error bound of a rectangular probability density fung

tion

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 — T4 due to the measuring instrumentation, the layout of
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

the

%lg(qj—a)z (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+ R+ 6V
I, =-FR (D.5)
™ KT Z
1-[ £
B
whdre
Verl is the impulse voltage peak reading
Rt is the transfer resistance of the current probe
OR is the correction for non-repeatability
ov 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 budgetforthe peak of surge current (Ip)
N
Syfibol | Estimate | unit | EMOT | ynit | PDF? ,&Nisor u(x,) ¢ Unit | u,) | Ynit
Vor 1,15 | Vv 0,0022 | V | triangwafd | 2,45 0,000 92 1001 | 1Q | 0918 | [A
Ry 0,001 | @ 0,00005 | @ | regtangular | 1,73 0,000 03 -151-10% | A/Q | 33,23 | [A
oR 0] 1 0,03 | 1 ?jf:rT)a' 1,00 0,030 00 1151 A | 3453 | |A
ov 0 1 0,02 ) rectangular | 1,73 0,011 55 1151 A 13,29
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 | |A
ug(v) = VZu,(v)? 0,050 | |kA
U(y) =2 uc(y) 0,10 KA
y 1,15 | |kA
Expressed in % of 1,15 kA 8,6 %
a8  Plobabilitindensity function
VPR: {s the voltage peak reading at the output of the current probe The error bounf is

capabllrty trlangular probablllty den3|tyfunct|on) 7

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 st ) and {ts expanded uncertaimty 15 5 7, themn the bestestimate of fp is
1,04 KA/m and its expanded uncertainty is 9,9 % (see Table D.2)

D.4|4 Duration of the current impulse

Thel measurand is the duration of the surge current injected into the coil calculated by uging
the functional relationship

2
Td:1'18'(T50%,F_TSO%,R*'é‘R)'{I_(%J } (P.6)

whdre

Tsody r IS the time at 50 % of peak amplitude at the(Tsing edge of the impulse
Tsode F is the time at 50 % of peak amplitude atithe falling edge of the impulse

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

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

Syrhbol | Estimate | Unit bE;;{;}() nit PDF2 Divisor u(x,) ¢ Unit uy) | Ynit
1

Tsobe R 3,44 us 07005 0 us triangular 2,45 0,002 0 -1,181 1 us 0,002 4 us
Tsobe F 22,34 | pus~|0,0050 | pus triangular 2,45 0,0020 | 1,181 1 us 0,002 4 | |us
OR 04] Neé 0,15 | us '\élfr:}?' 1,00 0,150 0 | 1,181 1 us 01771 | |us
48| kHz 1,6 kHz rectangular 1,73 0,923 8 -0,002 6 | ps/kHz 0,002 5 us

B 500 | kHz 50 | kHz rectangular 1,73 28,867 5 0,000 1 us/kHz 0,002 2 us
ug(y) = VEu,()? 0,177 2 | |us

L) =2y (p) 04| lus

y 22,3 us

@ Probability density function

Ts509,r T509%,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 Tzpq g = 3,44 ps and
T509, F = 22,34 ps.

oR: quantifies the non-repeatability of the 7540, p — 7500, g time difference measurement due
to the measuring instrumentation, the layout of the measurement setup and the test generator
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If. 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 O

p:s

ns are assumed.

ee 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

Tirrj: base error and jitter: the oscilloscope specifications may be taken as error b@}j
rec

Ver
the
(44

use
inte

DC

unc
con
puls

D.4

The]
timd

whe
time
time
deri

ngular probability density functions. Usually these contributions are negligible. Q~

tical resolution: the contribution depends on the vertical amplitude resop&y AA and
slope of the trace dA/dt. The uncertainty is related to the half width of t olution an
2)/(dAldt). If trace interpolation is performed (see the oscnloscope uaI) a triang

probbability density function is used, otherwise a rectangular prob (§> density functio
e

H. This contribution may not be negligible, when |dA4/dt| < ( AA/T
rval of the scope.

re 7, is the samp

o

brtainty, if the peak is measured from the nominal zero line of the scope.
ribution can be ignored, if the readout software of th€)Scope measures the peak from
e base line. Q

Q

6 Rise time distortion due to the IimiteQQbandwidth of the measuring system

offset: The d.c. offset of the scope contributes to& voltage peak measurement
This

on
d is
ular
n is
ling

the

distortion of the rise-time is evaluated tlyough the usual rule of combination of the flise-
s, which is valid when two non-i acting systems are cascaded and their step
responses monotonically increase, i.e.
%
4\
<O [2 2
(\)17 Trg = 1" +1yg (D.7)
&
re T4 is the rise-ti ' of the signal at the output of the measuring system (distorted rnise-
), T, is the rise-tj f the signal at the input of the measuring system, and T),g is the [rise
of the step onse of the measuring system. It is important to observe that|the
vation of e ion (D.7) is based on the following definition of the rise time
oéo i
Tys = 2njt—T 2y (¢ )t _
& Ms (=75 )" hy () (p.8)

Fa)

T \*4

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

jh

dt—l and Ty is the delay time given by

Ty =jth0(t)dt (D.9)

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 o values derived from the two definitions of rise-time do not differ very
much. The values of a, 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 a because « depends both on the adopted def|n|t|on of the rise time (e.g. based on
thregshkotd ring
sysfem. A reasonable est|mate of a can be obtalned as the ar|thmet|c mean betw the
minfmum (321 x 1073) and maximum (399 x 1073) values that appear in Table DQ~ is,
360|x 1073. Further, it can be assumed that, if no information is available about th easufing
sysfem apart from its bandwidth, any value of a between 321 x 1073 an x 107P is
equplly probable. Differently stated, a is assumed to be a random vaﬁfla le having a
rectangular probability density function with lower and upper bound &’321 x 1073 fand
399|x 1073, respectively. The standard uncertainty of a quantifies b$ the indifferenc to

the mathematlcal model adopted for the definition of the rise-time the indifferenck to
the shape of the impulse response of the system.

Table D.4 — o factor (see equation (D.10)) of different u ct|onal impulse responses
corresponding to the same bandwuj{h f system B
Vhlues of @ are multiplied by 103 Gaussian | ord(e) > (crlilt.odc;:p.) Rectangular Triangujar
& ) using equation (D.8) 332 i &&9‘ 363 321 326
a {10 % to 90 % 339 C,’\\efeo 344 354 353
\\S\'
D.4}7 Impulse peak and width dis@ion due to the limited bandwidth of the

measuring system A\

The| distorted impulse wavefonqj"aut() at the output of the measuring system is given by|the
conpolution integral C)\\

Vout (6) = | Vin()- hle = z)dr (D} 11)

O t—~

whedre Vin@ the input impulse waveform and 4(?) is the impulse response of the measufring

sysie ®ote that 4-h(¢) = ho(¢) , where 4 is the d.c. attenuation of the measuring system. [The

inpyt'waveform can be approximated by its Tavlor series expansion around the time instapt I
when the input reaches its peak value 7,

'Vill V'il”
Vin(t)=V, + nz(fp),(t_;p)2+¥-(t—tp)3+... (D.12)

Note that the first order term is missing from equation (D.12) since V'(tp)=0. Further

Vi,ﬁ(tp)<0, because the concavity points downwards (maximum), and Vi,",’(tp)>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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13)

(D.14)
Notg that the parameter f depends on the second derivative of the standard inputg}&reform
and|on the parameter a defined and derived in D.4.6. Since the mathematical e sion for
the |standard surge waveforms are given in Annex E of this standard, the vaI&é\ S can be
nunerically calculated and is reported in Table D.5.
Q
The| estimate of the distortion of the input impulse width Ty, is smp% tained considefing
thafl the area of the output impulse is that of the input impulse divi y the d.c. attenuation
A. Tlherefore
%
VoTw = AVpaTwd ;\\Q/ (D|15)
whdre T\qg is the output impulse width. Hence QQ
N\
N
4 1
Tyg = —2 = T D}16
=g Ol |
. B
A\Q)
Table D.5 — g factor (qug’hon (D.14)) of the standard current surge waveform
kHz C)\\ 8/20 ps
A@ 14,8 + 1,6
C)U
D.5 Appli@’n of uncertainties in the surge generator compliance criterion
Gerneral order to be confident that the current and the magnetic field surges are within
thei fications, the calibration results should be within the specified limits of this standard
(tol¢rances 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

E.1 General

Annex E provides reference mathematical waveforms for:

e flesigning surge generators, Q

e bsimulations of surge performance on digital apparatus. Q},

The|formulae have been defined considering the following requirements: \CO

N

1) |To reproduce the nominal front time and duration as defined in the stan&)%d for the syrge
generators with output in short-circuit condition. ’

2) [To help the designers of digital apparatus to build up a circui odel of the SO\rrce
generators by using the simplified circuits reported in the standa@vith the nominal values
pf the circuit elements, if any. N

3) [To have derivative equal to zero at starting time in @er to avoid instability when
humerical simulations are performed.

4) [To have the same basic formula used in IEC for é-nsient phenomena such as ESD,
EFT/B and surge.

NOTE For current surge (8/20 us), the defined mathemat'cQwavefcrms match well with those defined in |EEE

Std €62.45-2002. \\

O

Thel| following parameter definitions are use\&@

h\

a) [T, is the width time defined as the t'@e between the 50 % of the rising and falling front of
the waveform. A‘\

b) [ is the rise time for current s\é@ge defined as the time between the 10 % and 90 % of|the
barly time response of the way form.

c) [y is the duration tim ween the minimum value of the early time response and|the
b0 % of the falling time.

d) [;is the front ti @fined as the time between the intersection of a line, having a slope
hat approximaﬁ’a he early time response, with the horizontal line that passes through| the
minimum ang_maximum value of the waveform respectively. The following values |are
Hefined th atch well with the waveforms provided by the simplified circuits using model
Simulati
Curr urge (8/20 ps): 74 =1,25 x T;; Ty = 1,18 x T,

e) 34@»5 the bandwidth of the surge waveforms defined at the frequency where the spedgtral
ESponSE beygiTsto Totoff withrastopeof=66dBrdecade:

E.2 Normalized time domain current surge (8/20 pus)

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

[tjﬂSURGE »
Isuree(t) = k| — 11— "2 (E.1)

ksurGe ¢ /SURGE
1+

77
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The coefficients that appear in equation (E.1) have the following values
ki =1 71 = 47,52 us (2 = 4,296 us il = 0,939 ﬂSURGE = 2,741
1

-1 [ TSURGE "2 ]”SURGE
7

ksurce =¢ 2 (E.2)

The plot of the 8/20 us current surge as a function of time is shown in Figure E.1.

1 y\ Q§
/ ©
0,8 N
/ o
S 06 i D‘Pf
¢ 05
2 04 QQ
~ T,|=17 ps \ ,\Q
0,2 \ C)Q)
\ \,
N
0 S—— 3‘ >
0 10 20 30 40 50 6 70 80 90 100
us (t)QQ IEC
3
Figure E.1 — Normalized current s%sée (8/20 ps): Width time response 7,
&
An ¢xpansion to highlight the early time$sponse is plotted in Figure E.2.
R N4
1 O
, ANAN4
. @y f..--
S
= ’ C)\/ / TI'= 6,4 us
w : <} , L
£ /!
Q/C)é 0,2 /
0,1
— = >
0 1 2 3 4 5 6 7 8 9 10

s (t
us (t) o

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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o
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thenefore the associated bandwidth BW = 0,15 MHz.

-100 .

3
\\ \ ~60 dB/dec Q}’
o
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N

Figure E.3 — Current surge (8/20 ps): Spectral resp r@ with Af=10 kHz

current impulse in the time domain is simulated we{&r frequencies up to 0,15 M

& O
Y

Hz,
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Annex F
(informative)

Characteristics using two standard induction coils

General

016

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

use

The]

F.2

Thel
des

The]
coil
indy
be

suit

both coils and to ensure proper distribution of thexcurrent. The current in both coils should

che

H to obtain a better field homogeneity and for testing larger EUTs.

Particular requirements for calibration

Cribed in Figure F.1. The current in both coils should be measuted and should be ident

output current can be verified with the generator connected to the two standard indudg
5. In order to comply with the specification given in kable 3 for the 1 m x 1 m stang
ction coil, an external capacitor (e.g. 18 uF) in seriessmay be required. The capacitor
ncorporated in the generator. The connection ds\realized by twisted conductors wi
hble cross-section of up to 3 m length. IdentiCal¥cable length should be used to su

cked for the same H-field orientation.

Oscilloscope

Attenuator

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.

characteristics of this test system can be calibrated by using axctirrent measuremenf as

cal.

tion
ard
may
h a
Dply
be

The

current probe

1= 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

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

If a
selg
freq

Test Peak current 7 + 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 A
the two coils. 2\/
NOTE 2 A combination wave generator with higher current supply capabilitie§\<b
than required for tests level 4 in IEC 61000-4-5 may be needed for testing at t
levels 5 or X. ('1/
a "X" can be any level, above, below or in between the others. &@Ievel
shall be specified in the dedicated equipment specification. v
Q>

current transformer (probe) is used to measure the shor%’i}cuit current, it should

be

cted, so that saturation of the magnetic core does not qCgur. The lower (-3 dB) cofner
uency of the probe should be less than 100 Hz. The ca 1%2 ion should be carried out with

a clirrent probe and an oscilloscope or other equivalent measurement instrumentation with a

ban

F.3

Cla
coil
av

strejngth, in the centre of the double

For
wirg
coil
The]

wid

dwidth of not less than 1 MHz. Q
Field distribution of the double ind\l{}Q\thon coil arrangement
Q

blume, where the magnitude of tt@ agnetic field strength is within £3 dB of the {
®| arrangement.

xO
5, 0,8 m spaced. @

h x lengt ight=0,6 mx 0,6 mx 1,4 m.

O
D
&

ise F.3 gives information on the maxg@\ size of an EUT and its location in the dolible
arrangement. According to the main t of the standard, the EUT shall be located within

+3 dB and —@@3 isolines for the magnetic field strength (magnitude) are shown in
Figyre F.2 for t.x. y plane and in Figure F.3 for the x-z plane. The maximum EUT sizg is

ield

the field computations th%\fmite cross-section of the coil conductors are neglected (thin
approximation). The ceyh)utations were performed for two 1 m x 1 m standard indugtion
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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
e—x-y plane for z=0m

-3 dB

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

0dB

7 +3 dB

IEC

Flgure F.2 — +3dB isoline for the magnetic field stpength (magnitude) in the x-y plane
for the double induction coil arrapngement (0,8 m spaced)

Maximum EUT size

/(width x height = 0,6 m x 1,4 m)

- -3dB

T +3dB

0dB

\v plane for » — 0 m
7 ™

IEC

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

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
resylts) and frequency domain (2D-numerical plot of the H-fleld) as extension of the 2&;}

of Annex B (static results).

G.2] Simulations

QY
NO

P>

The| simulations of Figures G.1 to G.12 are performed as follows: b"q
s/
e ['he coils are excited by an ideal current source (see the s | "port") having
mathematical waveform as defined in Annex E of this standard normalized at 1 A.

G.3

The

Two extreme shape conductors of the coil are consideto(.oone of a rectangular
10 cm x 1 cm (reported in Annex G) and a round wire 0f<1</ radius (results not repo

or brevity). ;\\

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

H-field amplitude is indicated as Hx; wh x indicates that the considered H-i
component is parallel to the x-axis while t ubscript i corresponds to the H-field pn
bosition from the loop centre to the last f%away position.

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

following comments haV{\@\}‘en taken into account as they relate to the figures.

Comments

he computed H-field waveform has the same shape of as that of the coil current sourg

Very little differe can be noted when comparing computed H-field waveforms with
bxtreme condu&shapes for the same coil size.

n the cen @fthe coils, the induction coil factors are 0,90 m-! and 0,65 m-! respecti
or squ d rectangular coils, which practically do not depend on the shape of the
condu

lots

the

Bize
rted

and

ield
obe

.

two

vely
coil

- B for the areas shown in Annex B.

tj C‘.bnfirmed also by transient simulations that the variation of the H-field is less 1han

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-1 and

1,20 m1; for the one that is 0,8 m spaced it is respectively: 1,07 m-1 and 0,94 m-1.
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NOTE The amplitude of the Hx-field inside the loop is negative deto the chosen probe directions.

Figure G.1 — Current and H-field in the ﬁgre 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 planQ\

of the 1 m x 1 m induction coil Q
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Figure G.4 (ﬁfield 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 t@;’m x 1 m induction coil
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C) igure 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 mi\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



https://iecnorm.com/api/?name=8c6c1fc2c04782eda54a4c717d5b4b81

Fig

- 68 - IEC 61000-4-9:2016 RLV © IEC 2016

dB (1 A/m)

Maximum plot (peak)

Cutplane normal : 1,0,0
Cutplane position : 0

Combponent -\

2D maximum (A/m) : 17,6 dB
Frequency : 1000 000
Scaling type : Amplitude

N
Figure G.9 — Hx-field 2D plot on y-z plane for the 1 nt>)< ,6 m induction coil
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uregQ Hx-field 2D plot on x-y plane at z = 0,5 m for the 1 m x 2,6 m induction
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International Standard |EC 61000-4-9 has been prepared by subcommittee 77B: H
frequency phenomena, of IEC technical committee 77: Electromagnetic compatibility.

INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTROMAGNETIC COMPATIBILITY (EMC) -

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

FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization ‘compr
Il national electrotechnical committees (IEC National Committees). The object of IECANis/to pro
ternational co-operation on all questions concerning standardization in the electrical and electronic field
his end and in addition to other activities, IEC publishes International Standards, Technical Specificat
echnical Reports, Publicly Available Specifications (PAS) and Guides (hereafteri_referred to as

ublication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interg

the subject dealt with may participate in this preparatory work. Internationaly governmental and

overnmental organizations liaising with the IEC also participate in this preparation. IEC collaborates cl
ith the International Organization for Standardization (ISO) in accordance\with conditions determine
greement between the two organizations.

Q = T Q

onsensus of opinion on the relevant subjects since each technical ,committee has representation froj

g
Tlhe formal decisions or agreements of IEC on technical matters express(as nearly as possible, an internat
g
interested IEC National Committees.

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

Ih order to promote international uniformity, IEC Natiohal Committees undertake to apply IEC Publica
tfansparently to the maximum extent possible in_their national and regional publications. Any diverg
Hetween any IEC Publication and the correspondingthational or regional publication shall be clearly indicat
the latter.

IEC itself does not provide any attestation-ofi conformity. Independent certification bodies provide confo
ssessment services and, in some areas,\access to IEC marks of conformity. IEC is not responsible fof
rvices carried out by independent certification bodies.

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

sing
mote
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onal
IEC
any

ions
Pnce
Pd in

mity
any

o liability shall attach to IEC «Orlifs directors, employees, servants or agents including individual experts| and

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

ttention is drawn {to)the Normative references cited in this publication. Use of the referenced publicatio
indispensable forthe correct application of this publication.

ttention is_drawn to the possibility that some of the elements of this IEC Publication may be the subje]
atent rights.)IEC shall not be held responsible for identifying any or all such patent rights.
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High

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;

016

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/745A/RVC

Full
voti

Thig

A li
con

The]
the

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

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

5t of all parts in the IEC 61000 series, published under the general ftitle Electromagrn
patibility (EMC), can be found on the IEC website.

committee has decided that the contents of this publication(will remain unchanged

reconfirmed,
vithdrawn,
feplaced by a revised edition, or

hmended.

I on

etic

Lintil

stability date indicated on the IEC website under "http://webstore.iec.ch" in the data
relafted to the specific publication. At this date, the publicatienwill be

un
CO|

PORTANT — The 'colour insjde’' logo on the cover page of this publication indicat

erstanding of its contents. Users should therefore print this document using
our printer.

thF it contains colours .which are considered to be useful for the corré¢ct

es

a
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INTRODUCTION

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

t 1: General

General considerations (introduction, fundamental principles)
Definitions, terminology

Part 2: Environment

Par

Par

Par

Par

Par

Description of the environment
Classification of the environment
Compatibility levels

t 3: Limits

Emission limits

mmunity limits (insofar as they do not fall under the responsibility of the pro
committees)

t 4: Testing and measurement techniques

Measurement techniques

lesting techniques
t 5: Installation and mitigation guidelines

nstallation guidelines
Mitigation methods and devices

t 6: Generic standards

t 9: Miscellaneous

Eadh part is further subdivided into several parts, published either as international stand
or gs technical specifieations or technical reports, some of which have already been publi

as gections. Others will be published with the part number followed by a dash and a seg
number identifying\the subdivision (example: IEC 61000-6-1).

This
rela

ted to-“pulse magnetic field".

Huct

rds
hed
ond

part iscatninternational standard which gives immunity requirements and test proceddrres
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ELECTROMAGNETIC COMPATIBILITY (EMC) -

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

1 Scope and object

Thig part of IEC 61000 specifies the immunity requirements, test methods, and rangJa of
recommended test levels for equipment subjected to impulse magnetic disturbances mginly
encpuntered in:

— [ndustrial installations,

— power plants,

— failway installations,

— medium voltage and high voltage sub-stations.

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

Thig standard does not consider disturbances due to capacitive or inductive coupling in cables
or pther parts of the field installation. Other IEC standards dealing with condug¢ted
distprbances cover these aspects.

Thel object of this standard is to establish a common reference for evaluating the immunity of
elegtrical 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|lEC.
As also stated in Guide 107, the IEC\product committees are responsible for determining whether this immfpnity
test ptandard is applied or not, and.if.applied, they are responsible for determining the appropriate test levelg and
perfgrmance criteria. TC 77 and its' sub-committees are prepared to co-operate with product committees in the
evaljiation of the value of particular immunity test levels for their products.

Thig standard defines:

— @ range of test levels;
— lest equipment;

— lest setups;

— lestprocedures.

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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Terms, definitions and abbreviated terms

Terms and definitions

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

the

3.1.
cali

following apply.

1
bration

set of operations which establishes, by reference to standards, the relationship which exists,

und

Note

Note
pring

H 9=~ | A bat P~ EH Al [ES £ +
oL UITNITU CUTTUTUUTTS, VTLWTTTE ATl TTTuteativiT arfu da TCouTlt UT A TITCdouT TITIcTIt

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

2 to entry: The relationship between the indications and the results of measurement can be ‘expresse]
iple, by a calibration diagram.

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

rent

tant

312

combination wave generator

CWG

gengrator with 1,2/50 us open-circuit voltage waveform and)8/20 ps short-circuit cur
waveform

Notel 1 to entry: This definition is abbreviated from the equivalent definition in IEC 61000-4-5.

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

318

durption

Ty

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

Ty3 1,18 x T,

SEE: Figure 2.

3.1r
front time

T;
<su
whdg

SEE

n thesimpulse is 10 % and 90 % of the peak value

E\Figure 2.

rge current> virtual parameter defined as 1,25 times the interval T, between the instants

3.1.

5

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

[SO

3.1.

URCE: IEC 60050-161:1990, 161-01-20]

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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7

induction coil factor
ratio between the magnetic field strength generated by an induction coil of given dimensions

and

Note

3.1.

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

016

3.1.
refe
flat

3.1.
rise
TI'
inte
rea

SEH

3.1.
sur
tran
cha

3.1.
sys
set

spe

Notel
imag
is af
exte

3.1.
tran

9
rence ground plane
conductive surface whose potential is used as a common reference

10
time

rval of time between the instants at which the instantaneouscvalue of an impulse
hes 10 % value and then 90 % value

E: Figure 2.

11
e
sient wave of electrical current, voltage or poweér\propagating along a line or a circuit

Facterized by a rapid increase followed by a slower decrease

12

tem

of interdependent elements constjtuted to achieve a given objective by performin

cified function

1 to entry: The system is considéred to be separated from the environment and other external systems q
inary surface which cuts the links/between them and the considered system. Through these links, the sy
fected by the environment, (is jacted upon by the external systems, or acts itself on the environment o
nal systems.

13
sient, adjective and noun

perfaining to or.designating a phenomenon or a quantity which varies between

con

secutive steady states during a time interval short compared to the time scale of intere

[SOURCEIEC 60050-161:1990, 161-02-01]

first

and

y an
stem
the

two
5t

3.1.

8

verification
set of operations which is used to check the test equipment system (e.g. the test generator

and

Note

Note

3.2
AE

its interconnecting cables) to demonstrate that the test system is functioning

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

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.

Abbreviated terms

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

Thel magnetic fields to which equipment is subjected may influence the reliable opératio

equ

jpment and systems.

Thel following tests are intended to demonstrate the immunity of equipment.when subjecte]

imp
equ

Llse magnetic fields related to the specific location and installation~condition of
pment (e.g. proximity of equipment to the disturbance source).

n of

d to
the

Pulse magnetic fields are generated by lightning strikes on. buildings and other mletal

structures including aerial masts, earth conductors and earth networks and by initial f

transients in low, medium and high voltage electrical systems.

In
SW

igh voltage sub-stations, an impulse magnetic /(field may also be generated by
ching of high voltage bus-bars and lines by circuit-breakers.

Thel| test is mainly applicable to electronic equipment to be installed in electrical gener

and

distribution plants as well as in their control centres. It is not relevant for distrib

network equipment (e.g. transformers, powerdines).

Pro

juct committees may consider othgr,applications.

Test levels

Thel preferred range of testtevels is given in Table 1.

Table 1 — Test levels

ault

the

tion
tion

Level Pulse magnetic field strength
A/m (peak)

1 not applicable

2 not applicable

[5] VAV

4 300

5 1000

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

inst

allation are given in Annex C.
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Test instrumentation

General

016

The test system comprises the combination wave generator and the induction coil for a table-

top

6.2
6.2.

test setup and, in addition, an RGP for a floor-standing test setup.

Combination wave generator

1 General

For

NOT
give

The]
ableg

The]
the

Thig

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

FE The combination wave generator specified in this standard has identical wave shape definitions to the
in IEC 61000-4-5.

refore only the 8/20 us waveform is relevant. The combination wave generator shal
to deliver the required impulse current to the induction coils specified in-6.3.

nduction coil connected.

generator is intended to generate a surge having:

p a short-circuit current front time of 8 us;

pa short-circuit current duration of 20 ps.

A simplified circuit diagram of the generator is given in Figure 1. The values for the diffe

com

ponents Rg4, Rgo, Ry, Ly, and C. are selected so that the generator delivers an 8/2

curfent surge into a short-circuit.

Key

R, Switch R L, Co

— 7

Internal or
external
18 uF
capacitor

pnes

be

waveform is specified as a short-circuit current and therefore shall be measured without

rent
) us

High-voltage source

Charging resistor

Energy storage capacitor

Impulse duration shaping resistors
Impedance matching resistor

Rise time shaping inductor

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

Pha

se 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

Wavyeform of the surge current see Table 2 and Figure 2

Shart-circuit peak output current tolerance +10 %

Table 2 — Definitions of the waveform parameters 8/20 us
Front time T Duration T4
us us
Shert-circuit current Tg=1,25xT7,=8+20% Tg=1,8xT,=20+20%
A generator with floating output shall be used.

NOT

NOT

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

E 1 Thelvalue 1,25 is the reciprocal of the difference between the 0,9 and 0,1 thresholds.

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

AY

6.2.

If a

freq

are

7
at the output of the generator with the 18 puF capacitor in series

3 Calibration of the generator

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
uency 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

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 necesspary;
the current measurement as shown in Figure 3 is sufficient.

Oscilloscope

mEEEEEmO0
B i o

|emmmmass) 6{‘359

&145:23

Attenuator N

Current probe

Surge generator

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

Othpr coils of different dimensions may be used for an EUT which does not fit inside eithgr 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 mand1m x 2,6 m

The| standard) ‘induction coil shall be made of copper, aluminium or any conductive non-
magneticSmaterial, of such cross-section and mechanical arrangement as to facilitatq its
stable/pesitioning 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 Ty

System using1 mx 1 m

+2,4

+6

standard induction coil T§=1.25x T =8ps g HS Tg=118xTy =20 ps _, ps
Syttem using1mx 2,6 m _ _ +3,2 _ _ 48
standard induction coil T§=125x T, =8us gg ps Tg=118xT,=20ps s

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

Test

level

Peak current 710 %

A

System using 1 mx1m
standard induction coil

System using1 m x 2,6 m
standard induction coil

a A WON =

Xa

not applicable
not applicable
111
333
1111
special/0,9

not applicable
not applicable
152
453
1515
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, aboye,*below or in between the others. The level shall
be specified in the dediéated equipment specification.

If alcurrent transformer (probe) is used to measure short-circuit current it should be sele

so that saturation of the \magnetic core does not take place. The lower (-3 dB) co
frequency of the probe should be less than 100 Hz. The calibration shall be carried out wi
curlent probe and oscilloscope or other equivalent measurement instrumentation wit

bandwidth of not lgssthan 1 MHz.

7 |Test setup

71| (Test equipment

cted
rner
th a
h a

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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Verification of the test instrumentation

016

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 i sufficient to verify that the surge is present at any level by using suitable méasu

equ

NOT]

7.3

Ipment (e.g. current probe, oscilloscope).

[  Test laboratories can define an internal control reference value assigned to this verification procedure.

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> 1 m induction coil

be
Tm
0,6

The

Wh
(se
the

NOT]
metH

It is
cab
this
the

An
at |
enc

lsed for testing EUTs with dimensions up to 0,6 m x 0,6m x 0,5 m (L x W x H).
x 2,6 m induction coil may be used for testing ,EUTs with dimensions up
M x 0,6 mx2m (L x W x H).

induction coil shall be positioned in three orthogonal orientations.

7.4) can be used or larger induction coilssmay be constructed to suit the dimension
EUT for different field orientation of the magnetic field.

E If it is impractical to construct coils for ety large equipment, the proximity method is the only suitablg
od.

not necessary to maximize the impact of cables during this test. The proximity of
es to the loop antenna can;impact the results so the cables shall be routed to minin
impact. The minimized cabling dimension shall be incorporated into the determinatio
Mmaximum size of EUT that can be tested.

RGP is not required below the EUT (see Figure 4 below). The induction coil shall be
past 0,5 m from”any conducting surfaces, for example the walls and floor of a shiel
osure.

ring

may
The
to

n an EUT does not fit into the induction coikef 1 m x 2,6 m, either the proximity method

5 of

test

the
hize
n of

ept
ded
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0

Twisted T
cable length = EUT
maximum 3 m (@) Ile

el

AW/

IEC

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

Thelinduction coil of standard dimensions for testing floor standing equipment (e.g. racks) |has
a rgctangular shape of 1 m x 2,6 m with one short side which may be the RGP for large sjzed
equjpment. The 1 m x 1 m induction coil can be use@ for floor standing equipment with|the
majimum dimensions of 0,6 m x 0,6 m.

Thel RGP shall have a minimum thickness of 0565 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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EUT

T

u CWG

SR

RGP

IEC

Figure 6 — Example of test setup for floor standing equipment
showing the vertical orthogonal plane

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

Figure 7 and 7.5 for more detailed information) can be\used or larger induction coils
constructed to suit the dimensions of the EUT for-a different field orientation of
netic field (see Annex A).

is impractical to construct coils for very large.equipment, the proximity method is the
hble test method. Product committees may select either the proximity method or us
Able coil.

not necessary to maximize the impact of cables during this test. The proximity of
es to the loop antenna can impagt‘the results so the cables shall be routed to minin
impact. The minimized cabling.dimension shall be incorporated into the determinatio
maximum size of EUT that can-be tested.

/ 10 cm
d :
EUT

n an EUT does not fit into the rectangular coil of 1 m x 2,6 m, either the proximity method

may
the

bnly
e a

the
hize
n of

10 cm — H o 1
ﬁz.?_F p_d A f\ﬂ‘

7.5

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

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.

8.1
The]

8.2
8.2,

Unl
con
and

Tes|
the

8.2

The]
ope

8.3
Ver

7.2).

2 Electromagnetic conditions

Test procedure

General
test procedure includes:

he verification of the test instrumentation according to 7.2;
he establishment of the laboratory reference conditions;
he confirmation of the correct operation of the EUT;

he execution of the test;

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

Laboratory reference conditions
1 Climatic conditions

bss otherwise specified in generic, product family or product standards, the clim
ditions in the laboratory shall be within“any limits specified for the operation of the |
the test equipment by their respective manufacturers.

ts shall not be performed if the’/relative humidity is so high as to cause condensatior
EUT or the test equipment,

electromagnetic ¢onditions of the laboratory shall be such as to guarantee the cor
ration of the EUT so as not to influence the test results.

Execution of the test

fication shall be performed. It is preferable to perform the verification prior to the test

atic
FUT

on

rect

See

The test shall be performed according to a test plan which shall specify the test setup,
including:

e test level;

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;

phase synchronization;

synchronization;

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

for three-phase a.c. powered EUT, 20 positive and 20 negative impulses without phase
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For

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

tech

NOTE 2 Special safety considerations may be needed when using the generator’s CDN output.

9

The| test results shall be classified in terms of the loss of function or degradation
performance of the equipment under test, relative to a performance level defined by
manufacturer or the requestor of the test, or agreed betweem)ythe manufacturer and

pur

a)
b)

c)

d)

Thel manufacturer’s specification.may define effects on the EUT which may be conside

insi

Thig classification may be used as a guide in formulating performance criteria, by committ
responsible for genericy product and product-family standards, or as a framework for
agreement on performance criteria between the manufacturer and the purchaser, for exan
whegre 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
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impulse repetition rate not less than one impulse per minute (product committees may

specify this repetition rate);

representative operating conditions of the EUT;

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

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

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

hology.

Evaluation of test results

haser of the product. The recommended classification is as follows:

temporary loss of function or degradation of ‘performance which ceases after
disturbance ceases, and from which the eqguipment under test recovers its nor
performance, without operator intervention;

pperator intervention;

oss of function or degradation of performance which is not recoverable, owing to dam
o hardware or software, or loss of data.

gnificant, and therefore acceptable.

Teéstreport

hormal performance within limits specified by the manufacturer, requestor or purchaser;

erter

of
its
the

the
mal

femporary loss of function or degradation of*performance, the correction of which requires

age

bred

ees
the
hple

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 exam
shielded enclosure;

any specific conditions necessary to enable the test to be performed;
performance level defined by the manufacturer, requestor or purchaser;

ple,
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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
accpmmodate the dimensions of the EUT ftor the different orientations ot the magnetic field.

Note that larger induction coils give repeatable results, but it may not be practical toConstfuct
very large coils. The maximum dimensions of non standard induction coils are determined by
whdgther 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" orl"T"" cross-sectional shape in
ordef to have sufficient mechanical rigidity.

A.2] Determination of the coil factor

A.2{1 General

Thel induction coil factor shall be determined by measutement or calculation. The coil fact:tr is
usef to calculate the current in the induction coil ta obtain the required magnetic field strepgth
in the centre of the induction coil.

A.2|2 Coil factor measurement
A.2]12.1 General

In grder 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
oriehtation to detect the maximum value of the field. The current I in the induction coil shall be
megsured and-adjusted to obtain a field strength within the measurement range of|the
magnetic field sensor. The coil factor, kc, 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
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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

]

Y - L AL L L1
FdrocTora hf‘UI(/‘r(/IUJ (A1)

\/az +(c/2)2 i \/b2 +(c/2)2

LL 4
1 1

I ln\ |—
kcp(P)=—— —{

I :477

whgre H(P) is the magnetic field at point P and [ is the induction coil current. Egquation (A.1) is
valifd, when the largest dimension of the cross-section of the coil inductor is‘$mall compgred
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 = p. If
the RGP is the bottom side of the coil, then equation (A.1) is still valid\faking into account|the
imape of the actual (physical) coil. In this case, if P is at the centre of the physical coil, then
the [k of the coil formed by the physical coil plus its image is givéen by equation (A.1) with b
= X a.

cl2 cl2

IEC

Fi A.1 — Rect lar inducti il with sid +bandc

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
-

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

IEC

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

Thel induction coil factor can be calculated from equation (A.1) if the largest cross-sedtion
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, anvadditional source of uncertainty is the finite size of|the
RGIP. This can be evaluated through the relative deviation between the coil factors calculated
asspming 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

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]
1Tm

For
wirg

B.2

The]

Figure B.1 for the x-y plane and in Figure B.2 for the x-z plane. The maximum EUT siz

wid

NOT

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

x 2,6 m standard coil is approximately 6 puH.

the field computations the finite cross-section of the loop conductors are neglected

approximation).

1 m x 1 m induction coil

the

thin

+3 dB and -3 dB isolines for the magnetic field strength (magnitude) are shown in

h x length x height=0,6 m x 0,6 m x 0,5 m..

0dB

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

+3 dB S|
> /

Y 474

7

E The —=3.dB isoline is not shown because it is outside the loop

\x-y plane

\ x-z plane

IEC

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

e is



https://iecnorm.com/api/?name=8c6c1fc2c04782eda54a4c717d5b4b81

- 26 - IEC 61000-4-9:2016 © IEC 2016

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

Thel +3 dB and -3 dB isolines for the magnetic field strength (magnitude) are shown in

Figyre B.3 for the x-z plane and in Figure B.4-for the x-y plane. The maximum EUT siz

widt{h x length x height = 0,6 m x 0,6 m x 2ym:

For|the calculation of the +3 dB isolings the size of the reference ground plane is considg

as ipfinite.

e is

red
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........ +3 dB

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

/\ "‘\\x—y plane

0dB

[ x-z plane

A

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

IEC

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 coil'with reference ground plane

Maximum EUT size
(widthnx fength = 0,6 m x 0,6 m)

+3 dB

-3 dB

<

0dB

A

IEC

Ny

Figure B.4 — +3 dB and -3 dB isolines for the magnetic field strength (magnitude) in the
x-y plane for the 1 m x 2,6 m induction coil with reference ground plane


https://iecnorm.com/api/?name=8c6c1fc2c04782eda54a4c717d5b4b81

- 28 - IEC 61000-4-9:2016 © IEC 2016

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)

\x-z plane

x-y plane

IEC

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

=4

Figure B.5 — +3 dB isoline for the\magnetic field strength (magnitude) in the x-y plape

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)

== 1 -3 dB

x-z plane

/ / IEC

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

con

Re
sho

An
equ

ditions.

ommendations for test levels are aiven in Clause 5 The actual selection of test le
~J

els

ild take into account

he electromagnetic environment;

concerned;

he installation conditions typically to be expected for an installation in _the electromagn
environment under consideration;

he need and amount of compatibility margins, i.e. the margin:.between the maxin
Histurbance level and considered immunity level.

hppropriate test level for equipment depends on the electromagnetic environment in w
jpment is intended to be used. Based on commaon\installation practices which

replesentative for the electromagnetic environment concerned, a guide for the selectio

he potential proximity of impulse magnetic field disturbances sources tothe equipment

etic

num

hich
are
h of

test|levels for impulse magnetic fields testing may be_the following:

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

Controlled electromagneticsenvironment: where sensitive devices are plannegd to
be used (e.g. electron mi¢roscopes, cathode ray tubes, etc.)

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

Class 2: Electromagnetic environment representative for residential areas

Cla

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

5s 3: Electromagnetic environment representative for office/commercial areas

Locations of this class of environment are characterized by a potential proximit
medium-voltage and high-voltage switchgear or to conductors carr

5 of
nce

y to
ying

corresponding transients. A computer room in the vicinity of a sub-station mlight

be a representative for such location.

Class 4:  Electromagnetic environment representative for industrial areas

Class 5:

Locations of this class of environment are characterized by the presence of

medium-voltage or high-voltage substations and of conductors carrying trans
fault currents. Control rooms of sub-stations and fields with high-cur
equipment/installations might be representatives for such locations.

attributes: conductors, bus-bars or M.V.or H.V. lines carrying tens of kA

ient
rent

Harsh electromagnetic environment which can be characterized by the following

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 @ guide only. There might be cases where a location might be assigned to one of|the
aboje types of electromagnetic environments but due to the features of the equipment

congerned or other circumstances a different test level than that associated to that™type of
elegtromagnetic 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

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
eac
imp

megdsurand itself. The evaluation of MU is done here according to the principles , and meth

des

Ino

a)
b)

c)
d)

Thelse estimates and uncertainties, derived ,for*a particular disturbance quantity, do

des

defined in the basic standards, and the realetectromagnetic phenomenon in the world out

the

Sin
and

nunjbers cannot be defined for'the disturbance quantity. Therefore each of the parameter
disturbance quantity witl be accompanied by the corresponding estimate and uncertainty.
Thig yields to more than one’uncertainty budget.

the

time of a current impulse with an oscilloscope by using a current probe). The resu
h measurement includes a certain amount of measurement uncertainty (MU) due to
erfection of the measuring instrumentation as well as to the lack of repeatability”of

cribed in [IEC TR 61000-1-6.

rder to evaluate MU it is necessary to:

dentify the sources of uncertainty, related both to the measuring\instrumentation an
the measurand,

nuantities and the measured (output) quantity,
bbtain an estimate and standard uncertainty of the input quantities,

bf the measurand.

Cribe the degree of agreement between the simulated electromagnetic phenomenon

aboratory.

e the effect of the parameters_of‘the disturbance quantity on the EUT is a priori unkn
in most cases the EUT shows a nonlinear behavior, a single estimate and uncertg

t of
the
the
ods

d to

dentify the functional relationship (measurement model)-between the influence (input)

pbtain an estimate of the interval containing, with_ahigh level of confidence, the true value

not
as
side

bwn
inty
s of

D.2 Legend

Ip Peak ofcthe current impulse injected into the coil

Hp | Peak.of'the magnetic field impulse

kcg| Loilfactor of the induction coil: Hp = kgg x Ip

Tf Eront time of the current and mngnaiir\ field implllcne' TT =1 ”)R Tr

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

T,,  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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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

D.4 Uncertainty of surge current and surge magnetic field calibration

D.4

In
gen
field
mea
dist
field
the
The
and

The]
D.1
incl

details (numerical values, type of probability density function, etc.) of each contributor to

reading of 50% level

bandwidth of the measuring system

shape of the impulse response of the measuring system
bscilloscope horizontal axis measurement error

bscilloscope vertical axis measurement error

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

Coil factor of the induction coil

1 General

he case of the magnetic field test, the disturbance quantities are the surge cur
rated by the test generator and injected ‘into the coil terminals and the surge magn
applied to the EUT. As discussed. in’Clause D.1, an uncertainty budget for €
sured parameter of the disturbance\quantity is required. The parameters of th
irbance quantities are /p, T; and Tg-for the surge current, and Hp for the surge magn
. It is assumed that the magneti¢c field generated by the induction coil is proportiond
current flowing into its terminals, the constant of proportionality being the coil factor
refore the surge magnetic .field has the same front time and width as the surge curr
the peak of the magnetic field is obtained as Hp = kg x Ip.

approach adopted there to evaluate impulse MU is described in D.4.6 and D.4.7. Ta
D.2, and D.3 giveéxamples of uncertainty budgets for the surge parameters. The ta
ide the input (Quantities that are considered most significant for these examples,

rent
etic
ach
ese
etic
| to
CCF.
ent,

bles
bles
the
MU

and|the result§.0f the calculations required for determining each uncertainty budget.
D.4|2 Front time of the surge current
The]
_ 2 2
T; = 1,25\/(T90% —Tyg9 + OR)" — Tiag (D.1)
where
[04

Tus = — D.2

Ms =5 (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%)
s . . Error . a . . .
ymbol | Estimate | Unit " " Unit PDF Divisor u(x.) C. Unit u.(y) Unit
Tiobe 0,74 us | 0,0050 | us | triangular 2,45 0,0020 | -1,256 3 1 0,002 6 Pls
Tooke 7,94 us | 0,0050 | us | triangular 2,45 0,0020 | 1,256 3 1 0,00276 | |fs
N normal
oR 0 ns 0,025 | M | (k=1) 1,00 00250 | 1,256 3 1 0,0314 | 45
us us -
4 360 |z 40 | kHz | rectangular | 173 530940 | -0,0003 [ M2 1 00058 | 4
B 500 kHz 50 kHz rectangular 1,73 28,867 5 0,000 2" us/kHz 0,005 3 | ys
ue(v) = VZu, ()2 0,03256 | s
U() = 2 ug (). 0,06 | ds
y 8,95 | ds
a8 Probability density function
Tyolws Tog o: is the time reading at 10 % or 90 % afthe peak amplitude. The error bound is
obtained assuming a sampling frequency of 100 NIS/s and a trace interpolation capability of

the

probability density function should be assumed. Only the contributor to MU due to

san
ass

UVE
a (
The
sha
sys
fro
pro

scope (triangular probability density function). Were this not the case, a rectang

pling rate is considered here, for additional contributors see D.4.5. The readings
imed to be Ty, = 0,74 ps and Tyq o, =-7,94 pus.

ular
the
are

ient

: is the calculated rise time of the\ step response of the measuring system. The coeffig
see Clause D.2), depends onsthe shape of the impulse response of the measuring sys

em.

range 360 + 40 is representative of a wide class of systems, each having a diffefent
be of the impulse response’(see D.4.6 and Table D.4). The bandwidth B of the measufing

em can be experimentally obtained (direct measurement of the bandwidth) or calcul
the bandwidth B, ‘ef ‘each element of the measurement system (essentially a cur
e, a cable and a’scope) by using the following equation:

5] ()
—= — | = +... (
B \lB B,

An

ted
rent

D.3)

pstimate of 500 kHz and a 50 kHz error bound of a rectangular probability density fung

tion

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

_Vpr 1+0R+ 0V

I, (D.5)
KT <
1-[ £
B
whdre
Ver| is the impulse voltage peak reading
R+ is the transfer resistance of the current probe
OR is the correction for non-repeatability
oV 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)
E \,\
Symbol | Estimate | Unit bo’;‘;; Unit PDF? ,& isor u(x;) ¢ Unit | u(y) | Unit
Vor 1,15 | Vv 0,0022 | V | triangulay) | 2,45 0,000 92 1001 | 1/Q | 0918
Ry 0,001 | © 0,00005 | @ | rectangular | 1,73 0,000 03 -151-10% | A/ | 33,23
SR ol 1 003 | 1 o 1,00 | 0,030 00 1151 | A | 3453 | |A
oV o 1 0,02 | %37 | 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
y 1,15 | |kA
Expressed in % of 1,15 kA 8,6 %
2  Pfobabilityndensity function
Vpd:.ds 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 interpalation
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
coilfwhose sfde fs Ty and its expanded uncertainty 15 5 %, themn the bestestimate of 71 is
1,04 KA/m and its expanded uncertainty is 9,9 % (see Table D.2)

D.4/4 Duration of the current impulse

Thel measurand is the duration of the surge current injected into the coil calculated by uging
the [functional relationship

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

whdre

T504, r Is the time at 50 % of peak amplitude at thecrising edge of the impulse
T504, ¢ 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 medsufring system
B is the coefficient which value is{14,8 + 1,6) kHz

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

Symbol | Estimate | Unit bEJ;:{"k\c.)Unit PDF? Divisor u(x;) ¢ Unit u;(y) WUnit
Tsoho.R 3,44 | ps 0;0050 | pus triangular 2,45 0,0020 | -1,1811 us 0,002 4 | |us
Txq o.F 22,34 us 0,005 0 us triangular 2,45 0,002 0 1,181 1 us 0,002 4 us
OR 04 N 0,15 | us "é,‘{’rz"}")" 1,00 0,1500 | 1,181 1 us 01771 | |us
B 148" | kHz 1,6 | kHz | rectangular 1,73 0,923 8 | -0,0026 | ps/kHz | 0,0025 | |us
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 | Jus
Ulp)=2 i () 04 us
y 22,3 | us

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

Tirrj: 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
(A44]2)/(dAldt). If trace interpolation is performed (see the oscilloscope manual) a trianglular
probbability density function is used, otherwise a rectangular probability density functiop is
usef. This contribution may not be negligible, when |dA4/dt| < (44/T;),\Where T; is the sampling
intefval of the scope.

DC | offset: The d.c. offset of the scope contributes to/the' voltage peak measurement
uncprtainty, if the peak is measured from the nominal,di¢. zero line of the scope. This
confribution can be ignored, if the readout software of th€)scope measures the peak from|the
pulge base line.

D.416 Rise time distortion due to the limited-bandwidth of the measuring system

Thel distortion of the rise-time is evaluated through the usual rule of combination of the rlise-
timgs, which is valid when two non-interacting systems are cascaded and their step

responses monotonically increase, i.e.
/ 2 2
Tq =41 +TMS (D.7)

whgre T,4 is the rise-time of the signal at the output of the measuring system (distorted nise-
timg), T, is the rise-time of the signal at the input of the measuring system, and 7\,g is the [rise
timg of the step (esponse 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

Tys =‘/2ﬁj(t—Ts)2h0(z)dz (P.8)

0
>4

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, =fth0(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 a 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 a because « depends both on the adopted definition of the rise time (e.g. based on
threshetds—erormeguaton{(bB- 2 e—shapeof-the—mpuise 56 of-the—meas cring
sysfem. A reasonable estimate of a« can be obtained as the arithmetic mean between|the
minfmum (321 x 1073) and maximum (399 x 1073) values that appear in Table D.4) tha} is,
360[x 1073. Further, it can be assumed that, if no information is available about thé measufring
syslem apart from its bandwidth, any value of « between 321 x 1073 and~399 x 107P is
equplly probable. Differently stated, « is assumed to be a random variable having a
recangular probability density function with lower and upper bounds of 321 x 1073 fand
399|x 1073, respectively. The standard uncertainty of « quantifies both; &) the indifference to
the [mathematical model adopted for the definition of the rise-time, and-b) the indifferencp to
the shape of the impulse response of the system.

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

Vhlues of « are multiplied by 103 Gaussian | order I.I order Rectangular Triangujar
(crit. damp.)
o Jusing equation (D.8) 332 399 363 321 326
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

Thel distorted impulse waveform_7Vg (t) at the output of the measuring system is given by|the
conyolution integral

Vout(t): Vin(r)'h(t—r)dr (Dj11)

O —~

whdre Vin(t) is the input impulse waveform and A4(t) is the impulse response of the measufing
syslem.\Note that 4-Ai(¢) = hg(z), where 4 is the d.c. attenuation of the measuring system. [The

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

+

Viﬁ(tp)'(t_tp)Z Vix(tp).(t_tp)3+... (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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on the parameter a defined and derived in D.4.6. Since the mathematical expréssior
standard surge waveforms are given in Annex E of this standard, the value\of g can
erically calculated and is reported in Table D.5.

estimate of the distortion of the input impulse width Ty, is simpy_obtained considj

the area of the output impulse is that of the input impulse divided)by the d.c. attenu
herefore

VoTw = AVpgTwd (D

re de is the output impulse width. Hence

4 1
TWd:AIf Ty = 5 Tw (D
pd 1- B
B

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

kHz 8/20 ps

Yo} 14,8+1,6

Application of uncertainties in the surge generator compliance criterion

thei

(tolg¢rantes are not reduced by MU).

specifications, the calibration results should be within the specified limits of this stang

Further guidance is given in IEC TR 61000-1-6:2012, Clause 6.

016

o =7p[1—[§ﬂ (D.13)

(D.14)

b that the parameter  depends on the second derivative of the standard input_ wayeform

for
be

ring
tion

16)

erallys-in order to be confident that the current and the magnetic field surges are within

ard
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Annex E
(informative)

Mathematical modelling of surge current waveforms

General

ex E provides reference mathematical waveforms for:

jesigning surge generators,
simulations of surge performance on digital apparatus.

Thel formulae have been defined considering the following requirements:

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

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

3) [To have derivative equal to zero at starting time in @rder to avoid instability when
humerical simulations are performed.

4) [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 mathematicall waveforms match well with those defined in |EEE

Std £62.45-2002.

Thel following parameter definitions are used:

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

b) [ is the rise time for current sunge defined as the time between the 10 % and 90 % of|the
parly time response of the waveform.

c) [y is the duration time-between the minimum value of the early time response and|the
b0 % of the falling time.

d) [;is the front timetdefined as the time between the intersection of a line, having a slope
hat 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 us): 75 =1,25 x T,; Ty = 1,18 x T,

e) BW.Uis the bandwidth of the surge waveforms defined at the frequency where the spectral
CSPUTISC IUCgillb i.U IU“ Ui'lr WI“I d biUpU Ulr —60 UIBI'dUbddU.

E.2 Normalized time domain current surge (8/20 pus)

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

{IJUSURGE .
Isurce(r) = ki | ——1— 1 2 E1D

ksURGE ¢ Y/SURGE
1+
7]
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The coefficients that appear in equation (E.1) have the following values

k=1

1

71 = 47,52 ps

75 = 4,296 ps

T
ksurGe = €

il

3

TSURGE "2

7

i| = 0,939

1

]”SURGE

NSURGE = 2,741

The plot of the 8/20 us current surge as a function of time is shown in Figure E.1.

(E.2)

Isurce (1)
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Figure E.1 — Normalized current surge (8/20 ps): Width time response T,,

An ¢xpansion to highlight the early time response is plotted in Figure E.2.
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IEC

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 resp rf& with Af=10 kHz

Thel current impulse in the time domain is simulated wg{&r frequencies up to 0,15 M
thenefore the associated bandwidth BW = 0,15 MHz.

& O
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Annex F
(informative)

Characteristics using two standard induction coils

General

016

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

usef to obtain a better field homogeneity and for testing larger EUTs.

The

F.2

The]
des

The
coil
indy
be

suit

both coils and to ensure proper distribution of thexcurrent. The current in both coils should

che

Particular requirements for calibration

Cribed in Figure F.1. The current in both coils should be measuted and should be ident

output current can be verified with the generator connected to the two standard indug
5. In order to comply with the specification given in kable 3 for the 1 m x 1 m stang
ction coil, an external capacitor (e.g. 18 uF) in series-may be required. The capacitor
ncorporated in the generator. The connection is\realized by twisted conductors wi
hble cross-section of up to 3 m length. Identical“cable length should be used to su

cked for the same H-field orientation.

Oscilloscope

| !t o

e =
1|| 1] \‘g EE‘
T e e

i

Attonua tor

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.

characteristics of this test system can be calibrated by using a.current measurement as

cal.

tion
ard
may
h a
pply
be

The

current probe

/|

i1zi2

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

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 IEC 61000-4-5 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.

current transformer (probe) is used to measure the shortseircuit current, it should

selgcted, so that saturation of the magnetic core does not ocgur. The lower (-3 dB) co
frequency of the probe should be less than 100 Hz. The calibtation should be carried out
a cdirrent probe and an oscilloscope or other equivalent measurement instrumentation wi

ban

F.3

Cla
coil
av

dwidth of not less than 1 MHz.

Field distribution of the double induction coil arrangement

ise F.3 gives information on the maximum size of an EUT and its location in the do

blume, where the magnitude of the“magnetic field strength is within +3 dB of the 1

strejngth, in the centre of the double -coil arrangement.

For

the field computations the-finite cross-section of the coil conductors are neglected

wirg approximation). The computations were performed for two 1 m x 1 m standard induc

coil

5, 0,8 m spaced.

Thel +3 dB and —-3'dB isolines for the magnetic field strength (magnitude) are show
Figyre F.2 for the'wy plane and in Figure F.3 for the x-z plane. The maximum EUT siz

wid

h x length~cheight = 0,6 m x 0,6 m x 1,4 m.

be
rner
with
th a

ible

arrangement. According to the main part of the standard, the EUT shall be located within

ield

thin
tion

N in
e is
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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
e——x-y plane for z=0m

2 dB.

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

0dB

+3 dB

IEC

gure 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)

Maximum EUT size

/(width x height = 0,6 m x 1,4 m)

| ) . — -3dB
3 —— +3dB
] S y

‘ z

)Il —-

"

0dB

/4

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)

x-z plane for y=0m

IEC
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Annex G
(informative)

3D numerical simulations

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

resylts) and frequency domain (2D-numerical plot of the H-field) as extension of the 2D\

of A

G.2

The]

G.3

The]

nnex B (static results).

Simulations

simulations of Figures G.1 to G.12 are performed as follows:
he coils are excited by an ideal current source (see the symbol "port") having
mathematical waveform as defined in Annex E of this standard @nd normalized at 1 A.

Two extreme shape conductors of the coil are consideredi’one of a rectangular
10 cm x 1 cm (reported in Annex G) and a round wire of A,'mm radius (results not repo
or brevity).

Default mesh cells are used to speed up the computation for the plots of Figure G.2
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-i
component is parallel to the x-axis while the)subscript i corresponds to the H-field pr
bosition 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.

Comments

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

he computed H-field waveform has the same shape of as that of the coil current sourg

Very little differepee*can be noted when comparing computed H-field waveforms with
bxtreme conductor’shapes for the same coil size.

n the centre-of the coils, the induction coil factors are 0,90 m-! and 0,65 m-! respecti
or squareand rectangular coils, which practically do not depend on the shape of the
conductor:

lots

the

Size
rted

and

ield
obe

e.

two

vely
coil

+-3\dB for the areas shown in Annex B.

t is\confirmed also by transient simulations that the variation of the H-field is less 1han

field computation approaches the conductors of the coil.

It is shown and quantified that the H-field increases rapidly when the probe used for H-

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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FE  The amplitude of the Hx-field inside the loop is negative dde’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

A : =L

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 m x 1 m induction coil

H-field (f= 1,0e + 006; x =0) _1 (peak)

Cutplane normal  : 1,0,0
Cutplane position : 0
Component X

2D maximum (A/m): 13,78 dB
Frequency : 1000 000
Scaling type : Amplitude

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 minduction coil

2,6 m
2,0m 10
Vi +3 dB area
S 0 St
IS
<
1,0 m
— -10 ‘
o 04 08 12 16 20 24
Distance d (m)
AH (dB) = 20 log (|Hql) — 20 log (|Hy-oml)
Y
Jos
<7 z

IEC

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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Frequency : 1000 000
Scaling type : Amplitude
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N
Figure G.9 — Hx-field 2D plot on y-z plane for the 1 ntj ,6 m induction coil

&

H-field (£ = 1,0e + 006; z = 0,5) _1 (peak) AQ

Cutplane normal 0, 0,
Cutplane position : 0,5

Component X

2D maximum (A/m) : 9,403 de’O
Frequency : 100000
Scaling type A @‘de

QQ’ IEC
Figureﬁ@— Hx-field 2D plot on x-y plane at z = 0,5 m for the 1 m x 2,6 m induction ¢oil
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Hx (middle of one coils) = -1,177 A/m
Hx (middle of two coils) = -1,202 A/m;
Difference = 0,025 A/m

Cutplane normal :0,1,0
Cutplane position : 0,5
Conmpponent X

2D maximum (A/m) 9,756 dB
Frequency : 1000 000
Scaling type : Amplitude

Figure G.11 - Helmholtz gﬂp Hx-field and 2D plot fortwo1 m x 1 m

ction coils, 0,6 m spaced

IEC
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Hx (middle of one coils) = -1,066 A/m
Hx (middle of two coils) = —0,941 A/m;
Difference = 0,125 A/m

Z \
-field (f= 1,0e + 006; y = 12) _1[1.0,0.0] + 2 [1.0,0.0] (peak)

ane normal :0,1,0
Cutplane position : 0,5 ‘\&
Component X @
2D npaximum (A/m) : 9,465 dB \"(\
Frequency : 1000 000
Scal|ng type : Amplitude $ IEC
.\@

Figure G.12 — Helmhoslzgsetup: Hx-field and 2D plot fortwo1 m x 1 m
\iﬂ ction coils, 0,8 m spaced

S
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AVANT-PROPOS

a Commission Electrotechnique Internationale (IEC) est une organisation mondiale de'(normalis
mposée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L’'IEC a
bjet de favoriser la coopération internationale pour toutes les questions de normalisation"dans les doma
e I'électricité et de I'électronique. A cet effet, 'lEC — entre autres activités ~publie des No
ihternationales, des Spécifications techniques, des Rapports techniques, des Spécifications accessible
ublic (PAS) et des Guides (ci-aprés dénommés "Publication(s) de I'l[EC"). Leur élaboration est confiée 3
mités d'études, aux travaux desquels tout Comité national intéressé par le sujet)traité peut participer,
rganisations internationales, gouvernementales et non gouvernementales, emliaison avec I'lEC, partic
dgalement aux travaux. L’IEC collabore étroitement avec I'Organisation Internationale de Normalisation (I
lon des conditions fixées par accord entre les deux organisations.

es décisions ou accords officiels de I'l[EC concernant les questions techniques représentent, dans la m¢g
u possible, un accord international sur les sujets étudiés, étant denné que les Comités nationaux de
intéressés sont représentés dans chaque comité d’études.

es Publications de I'lEC se présentent sous la forme de reCommandations internationales et sont agr
mme telles par les Comités nationaux de I'lEC. Tous les éefforts raisonnables sont entrepris afin que
assure de I'exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue responsab
éventuelle mauvaise utilisation ou interprétation qui en.est faite par un quelconque utilisateur final.

ans le but d'encourager I'uniformité internationale, fes’Comités nationaux de I'lEC s'engagent, dans tou
esure possible, a appliquer de fagon transparente’les Publications de I'lEC dans leurs publications natior
t régionales. Toutes divergences entre toutes{ Publications de I'|EC et toutes publications nationale
régionales correspondantes doivent étre indiquées en termes clairs dans ces derniéres.

'IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépeng
fpurnissent des services d'évaluation de)\conformité et, dans certains secteurs, accedent aux marque
nformité de I'lEC. L’IEC n'est resporSable d'aucun des services effectués par les organismes de certific
indépendants.

ous les utilisateurs doivent s'assurer qu'ils sont en possession de la derniére édition de cette publication.

ucune responsabilité ne doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires
andataires, y compris (ses- experts particuliers et les membres de ses comités d'études et des Con
ationaux de I'lEC, polr-tout préjudice causé en cas de dommages corporels et matériels, ou de tout

ommage de quelque nature que ce soit, directe ou indirecte, ou pour supporter les colts (y compris les
e justice) et les dépenses découlant de la publication ou de Il'utilisation de cette Publication de I'l[EC o
tpute autre Publication de I'lEC, ou au crédit qui lui est accordé.

'attention eSt attirée sur les références normatives citées dans cette publication. L'utilisation de publica
reférencées est obligatoire pour une application correcte de la présente publication.

‘attention est attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuvent
bjetde droits de brevet. L’IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels d
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e‘brevets et de ne pas avoir signalé leur existence.

La Norme internationale IEC 61000-4-9 a été établie par le sous-comité 77B: Phénoménes
haute fréquence, du comité d'études 77 de I'lEC: Compatibilité électromagnétique.

Elle constitue la Partie 4-9 de la série IEC 61000. Elle a le statut d'une publication
fondamentale en CEM conformément au Guide 107 de I'lEC.

Cette deuxieme édition annule et remplace la premiére édition parue en 1993
I'Amendement 1:2000. Cette édition constitue une révision technique.

et

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a) nouvelle Annexe B relative a la distribution du champ de bobine d'induction;
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b) nouvelle Annexe D relative a l'incertitude de mesure;

c) nouvelle Annexe E relative a la modélisation mathématique de la forme d'onde de choc;

d) nouvelle Annexe F

normalisées;

e) nouvelle Annexe G relative aux simulations numériques 3D;

relative aux caractéristiques utilisant deux bobines d'induction

f) le calcul du facteur de bobine et I'étalonnage a I'aide par la mesure du courant ont été
abordés dans la présente édition.

Le texte de cette norme est issu des documents suivants:

Le napport de vote indiqué dans le tableau ci-dessus donne toute information-sur le vote a

CDV Rapport de vote
77B/728/CDV 77B/745A/RVC

ant

aboputi a I'approbation de cette norme.
Cetfe publication a été rédigée selon les Directives ISO/IEC, Partie 2.
Ung liste de toutes les parties de la série IEC 61000, publiées sous le titre géngral
Compatibilité électromagnétique (CEM), peut étre consultéesurie site web de I'lEC.
Le ¢omité a décidé que le contenu de cette publication ne sera pas modifié avant la date de
stahilité indiquée sur le site web de I'lEC sous "http://webstore.iec.ch” dans les données
relatives a la publication recherchée. A cette date,la publication sera
e [econduite,
e Bupprimée,
e femplacée par une édition révisée, ou
e Amendée.
IMPORTANT - Le logo “colour inside"” qui se trouve sur la page de couverture [de

ce

CO

uttes a une bonne)compréhension de son contenu. Les utilisateurs devraient, f

séquent, imprimer cette publication en utilisant une imprimante couleur.

fte publication indique qu'elle contient des couleurs qui sont considérées comme

yar
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INTRODUCTION

C 61000 est publiée en plusieurs parties, conformément a la structure suivante:

Partie 1: Généralités

Considérations générales (introduction, principes fondamentaux)

Définitions, terminologie

Partie 2: Environnement

016

Par

Par

Par

Par

Par

Ch4g
inte
ont
SuiV

La
d'im

Description de I'environnement
Classification de I'environnement
Niveaux de compatibilité

tie 3: Limites
|_imites d'émission

_imites d'immunité (dans la mesure ou elles ne relévent paside la responsabilité
comités de produits)

lie 4: Techniques d'essai et de mesure

echniques de mesure
Techniques d'essai

tie 5: Guide d'installation et d'atténuation

Suide d'installation
Méthodes et dispositifs d'atténuation

tie 6: Normes génériques
tie 9: Divers

que partie est a son-tour subdivisée en plusieurs parties, publiées soit comme nor
Fnationales, soit camme spécifications techniques ou rapports techniques, dont certa
déja été publiées en tant que sections. D'autres sont publiées avec le numéro de la pa
i d'un tiret et d'un second chiffre identifiant la subdivision (exemple: IEC 61000-6-1).

munité:et'des procédures d'essai qui s'appliquent au "champ magnétique impulsionnelf'.

des

mes
nes
rtie

brésente~partie constitue une norme internationale qui traite des exigences en matjére
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COMPATIBILITE ELECTROMAGNETIQUE (CEM) -

Partie 4-9: Techniques d'essai et de mesure —
Essai d'immunité au champ magnétique impulsionnel

1 Domaine d'application et objet

La présente partie de I'lEC 61000 spécifie les exigences en matieére d'immunité, les méthddes
d'egsai et la plage des niveaux d'essai recommandés des équipements soumis |aux
perfurbations magnétiques impulsionnelles, principalement dans les:

— [|nstallations industrielles,

— fentrales électriques,

— [|nstallations ferroviaires,

— postes moyenne et haute tension.

L'applicabilité de la présente norme aux équipements installés-dans différentes zones|est
déterminée par la présence du phénomene dans les conditions spécifiées a I'Article 4.

La présente norme n'examine pas les perturbations provequées par le couplage capacitif ou
indyctif sur les cables ou autres parties de l'instalfation. D'autres normes IEC traitant [des
perfurbations conduites couvrent ces aspects.

La Trésente norme a pour objet d'établir une.reférence commune pour évaluer lI'immunité [des
équjpements électriques et électroniques lorsqu'ils sont soumis a des champs magnétiques
impllsionnels. La méthode d'essai documentée dans la présente partie de I'lEC 61000 de¢crit
une| méthode cohérente d'évaluationcde l'immunité d'un équipement ou d'un systéme |par
rapport a un phénomeéne défini.

NOT] Comme indiqué dans le Guide;107 de I'lEC, il s'agit d'une publication fondamentale en CEM destinge a
étre ptilisée par les comités de produits de I'lEC. Comme l'indique également le Guide 107, les comités de profuits
de I'|EC ont la responsabilité de 'déterminer si cette norme d'essai d'immunité est appliquée ou non, et si elle |'est,
ils ont la responsabilité de_ déterminer les niveaux d'essai et criteres de performances appropriés. Le cqmité
d'étydes 77 et ses sous-comités sont préts a coopérer avec les comités de produits dans le cadre de I'évaluftion
de 14 valeur des essais d/immunité particuliers pour leurs produits.

La présente norme.définit:

ne plageyde niveaux d'essai;

'équipement d'essai;

es{montages d'essai;

les procédures d'essai.

La tache du laboratoire d'essai décrit consiste a déterminer la réaction de I'équipement en
essai (EUT) dans les conditions de fonctionnement spécifiées aux champs magnétiques
impulsionnels générés par la commutation et les effets de la foudre.

2 Références normatives

Les documents suivants sont cités en référence de maniére normative, en intégralité ou en
partie, dans le présent document et sont indispensables pour son application. Pour les
références datées, seule I'édition citée s’applique. Pour les références non datées, la
derniére édition du document de référence s’applique (y compris les éventuels
amendements).
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IEC 60050 (toutes les parties), Vocabulaire Electrotechnique International (VEI) (disponible a
I'adresse www.electropedia.org)

3

3.1

Termes, définitions et termes abrégés

Termes et définitions

Pour les besoins du présent document, les termes et définitions donnés dans I'lEC 60050
ainsi que les suivants s'appliquent.

3.1

éta
ens
les

onnage
emble des opérations établissant, en référence a des étalons, la relation qui existe, d
conditions spécifiées, entre une indication et un résultat de mesure

Notel 1 a I'article: Cette définition s'appuie sur I'approche "incertitude".

Note| 2 a I'article: La relation entre les indications et les résultats de mesure peut étre donnée, en principe,

und

agramme d'étalonnage.

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

3.1.

2

générateur d'ondes combinées

cw
gén

G
Erateur avec une forme d'onde de tension en circuit ouvert de type 1,2/50 ps et une fo

d'orjde de courant de court-circuit de type 8/20 us

Notel 1 a I'article: Cette définition est un raccourci de Ja définition donnée dans I'lEC 61000-4-5.

Notel 2 a I'article: L'abréviation "CWG" est dérivée 'du terme anglais développé correspondant "combination
gendrator".

3.1.
dur
Ty

<co

3
e

Lirant de choc pour 8/20 us> parametre virtuel défini comme l'intervalle de temps entr|

morment ou le courant de choc atteint 0,5 de sa valeur de créte et le moment ou il chu

0,5

de sa valeur de créte-(7,,), multiplié par 1,18

Tg4 1,18 x T,

VOI

3.1.
dur
T;

R: Figure<2:

ans

Hans

rme

ave

e le
e a

Fe du front

<courant de choc> parametre virtuel défini comme 1,25 fois l'intervalle 7, entre les moments

oul
VOl

3.1.

'impulsion est égale a 10 % et 90 % de la valeur de créte

R: Figure 2.

5

immunité
aptitude d'un dispositif, d'un appareil ou d'un systéme a fonctionner sans dégradation en
présence d'une perturbation électromagnétique

[SOURCE: IEC 60050-161:1990, 161-01-20]
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3.1.6

bobine d'induction

boucle d'induction de forme et de dimensions définies dans laquelle un courant circule, en
engendrant un champ magnétique d'uniformité constante dans un volume défini

3.1.7

facteur de bobine d'induction

rapport entre l'intensité du champ magnétique provoquée par une bobine d'induction de
dimensions données et la valeur du courant correspondant

Note4+a-Harticto: = ROSLE-a ’

3.1.8
méthode de proximité
méthode d'application du champ magnétique a I'EUT, dans laquelle une bobine de fdible
inddction est déplacée le long du cbété de I'EUT de maniére a détecter des zdnes
parficulierement sensibles

3.1.
plan de masse de référence
surflace conductrice plane dont le potentiel est pris comme référence

3.1/0

temps de montée
TI'
durge de l'intervalle de temps entre les instants~auxquels la valeur instantanée djune
impllsion atteint pour la premiére fois 10 %, puis 90 %

VOIR: Figure 2.

31011

onde de choc
ondg transitoire de courant, tension oupuissance électrique se propageant le long d'une ligne
ou dans un circuit et comportant une montée rapide suivie d'une décroissance plus lente

3.1.12

sysféme
ensemble d'éléments_reliés entre eux associés pour atteindre un objectif déterminé| en
réalisant une fonction-spécifiée

Notegl 1 a l'article: « Le.'systéme est considéré comme étant séparé de I'environnement et des autres syst@mes
extéfieurs par une.surface imaginaire qui coupe les liaisons entre eux et le systéme étudié. Par ces liaisons, le
systéme subitdes actions de I'environnement ou de systémes extérieurs, ou bien agit lui-méme sur I'environnement
ou lgs systénmies’extérieurs.

3.113
transiteire—adiesti-etrom
se dit d'un phénoméne ou d'une grandeur qui varie entre deux régimes établis consécutifs
dans un intervalle de temps relativement court a I'échelle des temps considérée

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

3.1.14

vérification

ensemble des opérations utilisées pour vérifier le systeme d'essai (par exemple, le
générateur d'essai et ses cables d'interconnexion) et pour démontrer que le systéme d'essai
fonctionne

Note 1 a l'article: Les méthodes utilisées pour la vérification peuvent étre différentes de celles utilisées pour
I'étalonnage.
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celle donnée dans I''lEC 60050-311:2001, 311-01-13.

Pour les besoins de la présente norme fondamentale en CEM, cette définition est différente de

3.2 Termes abrégés

AE Auxiliary equipment (équipement auxiliaire)

CWG Combination wave generator (générateur d'ondes combinées)
EFT/B Electrical fast transient/burst (transitoires électriques rapides en salves)
CEM Compatibilité électromagnétique

DES Décharges électrostatiques

EUT Equipment under test (équipement en essai)

MU Measurement uncertainty (incertitude de mesure)

RCD Réseau couplage/découplage

RGP Reference ground plane (plan de masse de référence)

4 [Généralités

Les

fongtionnement de celui-ci et des systémes.

Les
sou

et a

Les
bati
ou

dan

Dans les postes haute tension, de champ magnétique impulsionnel peut également

gén

L'egsai s'applique principalement aux équipements électroniques destinés aux centraleg
production et de distribution d'électricité, ainsi qu'a leur centre de commande. Il ne concg

pas
exe

Les

5

champs magnétiques auxquels est soumis |'équipement peuvent influencer le

essais suivants ont pour objet de démontrer I'immunité de I'équipement lorsqu'il
Mmis aux champs magnétiques impulsionnels qui s'appliquent a I'emplacement spécif

champs magnétiques impulsionnels sont&provoqués par la chute de la foudre sur
Mments ou les autres structures métalliques (les méts d'antenne, les conducteurs de t
es réseaux de terre, par exemple) et<par les transitoires de défaut initial se produi
5 les réseaux de puissance basse, moeyenne ou haute tension.

gré par la commutation de barres et lignes haute tension par des disjoncteurs.

les équipements-de réseau de distribution (les transformateurs et les lignes d'énergie,
mple).

comités_de-produits peuvent étudier d'autres applications.

Niveaux d'essais

bon

est
que

|[Jx conditions d'installation de I'équipement (I'équipement situé a proximité de la source¢ de
perfurbation, par exemple).

des
Brre
sant

Etre

de
rne
par

La plage préférentielle des niveaux d'essais est donnée au Tableau 1.
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Tableau 1 — Niveaux d'essai

Niveau Intensité des champs magnétiques impulsionnels

A/m (créte)

1 non applicable
2 non applicable
3 100

4 300

5 1000

ya oendoial

P et

NOTE L'intensité du champ magnétique est exprimée en A/m. 1 A/m correspond a
une induction magnétique en espace libre de 1,26 uT.

a "X" peut étre un niveau supérieur, inférieur ou intermédiaire aux autres
niveaux. Le niveau doit étre spécifié dans la spécification correspondante de
I'équipement.

Les| niveaux d'essai doivent étre sélectionnés en fonction des conditions d'installation. |Les
clagses d'installation sont données a I'Annexe C.

6 |Instrumentation d'essai

6.1 Généralités

Le gystéme d'essai est composé du générateur d'ondés combinées et de la bobine d'indudtion
pour le montage d'essai du matériel de table et,“de plus, d'un plan de masse de référgnce
pouf le montage d'essai du matériel posé au sol.

6.2| Générateur d'ondes combinées
6.2.1 Généralités

Pour cette application, le génératelr d'ondes combinées est utilisé comme source de courant.

NOTE Le générateur d'ondes combinées spécifié dans la présente norme présente des définitions de fprme
d'ondle identiques a celles données)dans I'lEC 61000-4-5.

Par| conséquent, seuleila forme d'onde 8/20 ps est pertinente. Le générateur d'ondes
combinées doit étre‘en mesure de délivrer le courant de choc exigé aux bobines d'indugtion
spétifiées en 6.3,

La forme d'Oonde est spécifié¢e comme étant un courant de court-circuit. Par conséquent, [elle
doit| étre_ mesurée sans bobine d'induction connectée.

Ce Jénérntpur est destiné a générpr une onde de chaoc précpntant'

e une durée du front de courant de court-circuit de 8 ps;
e une durée de courant de court-circuit de 20 ps.
Un schéma de circuit simplifié du générateur est donné a la Figure 1. Les valeurs des

différents composants Rgq, Rgo, R, L, €t C; sont choisies de maniére a ce que le générateur
délivre un courant de choc de 8/20 us dans un court-circuit.
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R, Commutateur Ry, L Co
{ ] A H o
Condensateur
C R R interne ou
v ¢ st s2 externe de
18 uF
0
IEC
Léggnde
U Source haute tension
Re Résistance de charge
Ce Condensateur de stockage d'énergie
Rg Résistance de mise en forme de la durée d'impulsion
Rm Résistance d'adaptation d'impédance
L, Inductance de mise en forme du temps de montée
C, Condensateur interne ou externe de 18 uF
Figure 1 — Schéma de circuit simplifié du générateur d'ondes combinées
6.22 Caractéristiques de performances du.générateur
Polarité positive ou négative
Déqgalage de phase dans une gamme de 0° & 360°
par rapport a lI'angle de phasg¢ de
la tension d'alimentation | en
courant alternatif au niveau| de
I'EUT avec une tolérance| de
+10°
Fréquence de répétition 1 par minute ou plus rapide
Codrant de sortie de créte 'de court-circuit 100 A a 1000 A ou le niveau
d'essai exigé divisé par le facfeur
de bobine
Forlne d'onde, du-courant de choc voir le Tableau 2 et la Figure 2
Tolg¢rance du courant de sortie de créte de court-circuit +10 %
Tableau 2 — Définitions des paramétres de forme d'onde 8/20 ps

Durée du front 7
us

Durée Ty
us

Courant de court-circuit

Tg=125xT,=8+20%

Tq=1,18 x T, = 20 £ 20 %

Un générateur a sortie flottante doit étre utilisé.
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NOTE 1 La valeur 1,25 est la réciproque de la différence entre les seuils de 0,9 et"0,1.

NOT

6.2.

Si yn transformateur de courant (sonde) est utilisé pour mesurer le courant de court-circu

con

la fréquence de coupure basse (-3 dB) de la sonde soit inférieure a 100 Hz. L'étalonnage
étrel effectué avec une sonde de courant et un oscilloscope ou autre instrument de mes

équ

toug

Les

exts

con

n'es

Tou
pha

6.3

6.3.

o -
© o
I

0,5

I
A
v

;5 N

0 —
| T, t
> 0to-0,3

Durée du front: Tg=1,25x T, =8 us £20 %

v

HEC

Durée: Tq=1,18 x T, =20 ps £ 20 %

FE 2 La valeur 1,18 est déduite de données empiriques.

Figure 2 — Forme d'onde du courant de court-circuit (8/20 ps)
a la sortie du générateur avec le condensateur de 18 puF en série

3 Etalonnage du générateur
vient de le choisir de maniere a éviter la8aturation du noyau magnétique. Il convient

jvalent d'une largeur de bande .nminimale de 1 MHz. L'étalonnage doit étre réalisé g
les niveaux d'essai qui sont appliqués pour les essais.

rne de 18 uF en série avec la sortie, dans les conditions de court-circuit. S
Hensateur de 18 pE'est monté dans le générateur, aucun condensateur externe de 18
t exigé pour I'étalonnage.

Les les caractéristiques de performance établies en 6.2.2, a I'exception du décalagsg
e, doivent étre satisfaites a la sortie du générateur.

Bobine d'induction

it, il
que
doit
ure
our

caractéristiques du géneérateur doivent étre mesurées a travers d'un condensateur

le
uF

de

T Distribution du champ

Pour les deux bobines normalisées a une seule spire de 1Tmx1metde 1Tmx26m, la
distribution du champ est connue et présentée a I'Annexe B. Par conséquent, aucune
vérification ni aucun étalonnage du champ ne sont nécessaires, la mesure du courant
présentée a la Figure 3 étant suffisante.
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Oscilloscope
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=

D
& (52 2

Atténuateur N

Sonde de courant

o~

Générateur \_
d'ondes de choc

IEC

Figure 3 — Exemple de mesure du courant des bobines d'induction normalisées

D'alitres bobines de dimensions différentes peuvent étre utilisees pour un EUT qui ne s'ingére
pas| dans l'une ou l'autre des deux bobines normalisées.Dans ce cas, la distribution du
champ doit étre déterminée par mesure ou calcul (voir I'ARnexe A).

6.3.2 Caractéristique des bobines d'induction normalisées de 1 m x 1 m et de
1Tmx2,6m

La pobine d'induction normalisée doit étre en cuivre, en aluminium ou tout autre matéfiau
confducteur non magnétique. Sa section et'sa conception doivent permettre de lui donner june
posltion stable pendant les essais.

La folérance des bobines normalisées est de +1 cm, mesurée entre les lignes centrales
(cemtre de la section). Les caractéristiques des bobines d'induction en fonction de la
distfibution du champ magnétique sont données a I'Annexe B.

6.4| Etalonnage du systéme d'essai

Les|caractéristiques‘essentielles du systéme d'essai doivent étre étalonnées par une megure
du ¢ourant (voir la Figure 3).

Le pourant(de” sortie doit étre vérifié avec le générateur connecté a la bobine d'indudtion
normalisée-spécifiée en 6.2.1 pour tous les niveaux d'essai applicables. Afin de satisfaire |aux
spétifications données au Tableau 3 et au Tableau 4, un condensateur externe (18 uF,|par
exemple) en série peut étre exigé. Le condensateur peut étre incorporé dans le générateur.
La connexion doit étre réalisée par des conducteurs torsadés ou un cable coaxial de 3 m de
long au maximum et présentant une section adaptée.

Les spécifications suivantes données au Tableau 3 et au Tableau 4 doivent étre vérifiées.
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Tableau 3 — Spécifications des parameétres temporels

de forme d'onde du systéme d'essai

Durée du front 7

Durée T4

Systéme utilisant une

+2,4

+6

bobine d'induction Tg=1,25xT,=8ps _gg us Tq=118x T, =20 ps _, us
normalisée de 1 m x 1 m '

Systéme utilisant une 432 8
bobine d'induction Tf=125xT,=8pus _gg us Tq=1,18 x T\, = 20 ps tz us

normalisée de 1 m x 2,6 m

ableau 4 - Spécifications du courant de créte de forme d'onde du systéme d'essJi

T
Niveau Courant de créte 7+ 10 %
d'essai A
Systéme utilisant une bobine Systéme utilisant une
d'induction normalisée de bobine d'induction
Tmx1m normalisée de 1 m’x 2,6 m
1 non applicable non apphicable
2 non applicable nonnapplicable
3 111 152
4 333 453
5 1111 1515
xa spécial/0,9 spécial/0,66
NOTE Les valeurs 0,9 et 0,66 sont les facteufs de bobine calculés des bobines
d'induction normalisées, tels qu'indiqués en A®2:3 (voir I'Annexe A).
a "X" peut étre un niveau supérieur, ‘inférieur ou intermédiaire aux autres
niveaux. Le niveau doit étre spécifié\dans la spécification correspondante de
I"équipement.

Si Un transformateur de courant (sonde) est utilisé pour mesurer le courant de court-circuit, il
conpient de le choisir de maniére @ éviter la saturation du noyau magnétique. Il convient |que
la fléquence de coupure basse\(=3 dB) de la sonde soit inférieure a 100 Hz. L'étalonnage |doit
étre effectué avec une sonderde courant et un oscilloscope ou autre instrument de megure
équjvalent d'une largeur de.bande minimale de 1 MHz.

7 |[Montage d'essai

7.1| Equipement d'essai

L'équipement suivant fait partie intégrante du montage d'essai:

— equipement en essai (EUT);

équipement auxiliaire (AE), si exigé;

cables (de type et de longueur spécifiés);

générateur d'ondes combinées (CWG) avec condensateur interne/externe (18 uF, par
exemple);

bobine d'induction;

plan de masse de référence dans le cas des équipements d'essai posés au sol.

7.2 Vérification de l'instrumentation d'essai

La vérification a pour objet de s'assurer que le montage d'essai fonctionne correctement. Le
montage d'essai comprend:
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le générateur d'ondes combinées;
la bobine d'induction;

les cables d'interconnexion de I'équipement d'essai.

Pour vérifier que le systéme fonctionne correctement, il convient de vérifier le signal suivant:

impulsion de choc présente aux bornes de la bobine d'induction.

Il est suffisant de vérifier que I'onde de choc est présente a tous les niveaux en utilisant un

équ

NOTE Les laboratoires d'essai peuvent définir une valeur de référence de contrdle interne attribuée~a

proc

7.3

Les

T m

0,6
sou

La hobine d'induction doit étre positionnée dans trois orientations orthogonales.

Lorgqu’'un EUT ne s'intégre pas dans la bobine d'induction de 1 m x 2,6 m, la méthod¢g

pro
con
cha

NOT]
prox

L'im
I'an
che
doit
a eq

Un
bob|

lep

ipement de mesure adapté (une sonde de courant, un oscilloscope, par exemple).

Edure de vérification.

Montage d'essai pour le champ magnétique impulsionnel appliqué a un‘EUT de
table

EUT de table doivent étre placés sur une table non conductrice. La hobine d'inductior

m x 0,6 m x 0,5 m (L x| x H). La bobine d'induction de 1 m x 2,6(m-peut étre utilisée [
Mmettre a essai les EUT dont les dimensions atteignent 0,6 m x 0,6/m x 2 m (L x | x H).

imité (voir 7.4) peut étre utilisée ou des bobines«induction plus importantes peuvent
struites de maniére a correspondre aux dimensions de I'EUT pour une orientation
mp différente du champ magnétique.

E  S'il s'avere peu pratique de construire des bobines pour des équipements trés volumineux, la méthod
mité est la seule méthode d'essai adaptée.

pact des cables ne doit pas étre optimisé pendant cet essai. La proximité des cébles g
enne-cadre peut avoir un impact sur les résultats, par conséquent, les cables doi

étre incorporée dans la détermination de la taille maximale de I'EUT qui peut étre sou
sai.

plan de masse dejréférence n'est pas exigé sous I'EUT (voir la Figure 4 ci-dessous)
ne d'induction doit étre placée a au moins 0,5 m des surfaces conductrices (les paroi
ancher d'une.enceinte blindée, par exemple).

Cette

de

x 1 m peut étre utilisée pour soumettire a essai les EUT dont les-dimensions atteigment

our

de
Etre
de

e de

vec
ent

miner de maniére a réduire le-plus possible cet impact. La dimension de céblage limfitée

mis

La
s et
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La longueur
maximale du cable

torsadé est de 3 er

- 71 -

0

EUT

onog])

L/

/

7.4| Montage d'essai pour le champ magnétique impulsionnel appliqué a un EUT pd

au sol

La bobine d'induction de dimensions normalisées pour sogumettre a essai I'équipement p
au sol (des baies, par exemple) est de forme rectahgulaire de 1 m x 2,6 m, un cété c
poupant étre le plan de masse de référence pour les\équipements de grande taille. La bo
d'infuction de 1 m x 1 m peut étre utilisée pour les équipements posés au sol avec

dimensions maximales de 0,6 m x 0,6 m.

Le plan de masse de référence doit présenter une épaisseur minimale de 0,65 mm et
taille minimale de 1 m x 1 m. L'EUT doit-€étre isolé du plan de masse de référence.

.......

|
N

.....

IEC

Figure 4 — Exemple de montage d'essai pour équipement
de table montrant le plan orthogonal vertical
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Figure 5 — Exemple de montage d'essai pour équipement posé

au sol montrant le plan orthogonal horizontal

Pour les équipements posés au sol (des armoires, par exemple) dans lesquels le haut de
I'EUT est a plus de 0,75 m au-dessus du plan de masse de référence, plusieurs positions
doivent étre soumises a essai. La distance entre les positions doit étre de (0,5 = 0,05) m. La
Figure 5 indique que trois positions doivent étre soumises a essai. Dans tous les cas, la
bobine d'induction présentée a la Figure 5 ne doit pas étre placée a moins de 0,5 m. La

Figure 6 présente un exemple d'essai avec un plan orthogonal vertical.
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Figure 6 — Exemple de montage d'essai pour équipement posé
au sol montrant le plan orthogonal vertical

olume d'essai de la bobine rectangulaire est de 0,6 m x 0,6 m x(Z2'm (L x | x H).

Lorgqu’'un EUT ne s'intégre pas dans la bobine rectangulaire(de 1 m x 2,6 m, la méthod¢

pro
bob
dim
I'An

S'il
mét
cho

imité (voir la Figure 7 et 7.5 pour des informations détaitiées) peut étre utilisée ou
nes d'induction plus importantes peuvent étre construites de maniére a correspondre
ensions de I'EUT pour une orientation de champ/différente du champ magnétique
hexe A).

s'avére peu pratique de construire des bobines pour des équipements trés volumineu
hode de proximité est la seule méthode d'essai adaptée. Les comités de produits peu
sir la méthode de proximité ou utiliser.tine bobine adaptée.

L'impact des cables ne doit pas étre optimisé pendant cet essai. La proximité des cébles 4

I'an
che
doit

enne-cadre peut avoir un impact sur les résultats, par conséquent, les cables doi
miner de maniére a réduire le-plus possible cet impact. La dimension de céblage lim
étre incorporée dans la détermination de la taille maximale de I'EUT qui peut étre sou

a egsai.

/ 10 cm
/] ;
EUT
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ent
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ent
itée
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T — 5 y 5
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Figure 7 — Exemple de montage d'essai utilisant la méthode de proximité
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7.5 Montage d'essai pour le champ magnétique impulsionnel appliqué in situ

Les essais in situ sont en général la seule méthode d'essai pratique pour les machines de
grande taille ou équipements similaires. En principe, pendant les essais in situ, un plan de
masse de référence n'est pas disponible. Par conséquent, la méthode de proximité peut étre
la seule méthode d'essai pratique sans plan de masse de référence en place. La Figure 7
donne un exemple de montage d'essai pour les essais in situ. La bobine d'induction
normalisée de 1 m x 1 m doit étre utilisée lors de I'examen des EUT a l'aide de la méthode de
proximité. De plus, la bobine d'induction normalisée doit étre isolée de I'EUT. La distance
entre la bobine d'induction normalisée et I'EUT doit étre de (10 + 1) cm.

NOTE La distance a été définie afin d'assurer la méme intensité du champ que celle présente au centré de la
bobipe d'induction normalisée.

L'egsai de I'équipement de table selon 7.3 peut également étre réalisé, mais il ng,s'agit [pas
de Ip méthode d'essai préférentielle.

8 |Procédure d'essai

8.1| Généralités
La procédure d'essai comprend:

— |a vérification de l'instrumentation d'essai selon 7.2;

— [|'établissement des conditions de référence du laboratoire;
— |a confirmation du bon fonctionnement de I'EUT;

— |'exécution de I'essai;

— |'évaluation des résultats d'essai (voir Article 9).
8.2| Conditions de référence du laboratoire
8.21 Conditions climatiques

Sauf spécification contraire dans les normes génériques, de famille de produits ou de prodluit,

les conditions climatiques darns le laboratoire doivent étre dans les limites spécifiées podr le
fongtionnement de I'EUT ef de I'équipement d'essai par leurs fabricants respectifs.

Les| essais ne doivent'pas étre réalisés si I'humidité relative est telle qu'elle cause [une
conflensation sur IlEUT ou sur I'équipement d'essai.

8.22 Conditions électromagnétiques

Les| conditions électromagnétiques du laboratoire doivent étre de nature a garantir le [bon
fongtionnement de I'EUT afin de ne pas influencer les résultats de I'essai.

8.3 Exécution de I'essai

La vérification doit étre réalisée. Il est préférable de procéder a la vérification avant I'essai
(voir 7.2).

L'essai doit étre réalisé selon un programme d'essais qui doit spécifier le montage d'essai, y
compris:

e le niveau d'essai;
e le nombre d'impulsions (pour chaque orientation orthogonale):

le nombre d'impulsions, sauf spécification contraire dans la norme appropriée:
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— pour I'EUT alimenté en courant continu, cing impulsions positives et cinq impulsions
négatives;

— pour I'EUT alimenté en courant alternatif monophasé, 20 impulsions positives et
20 impulsions négatives sans synchronisation de phase;

— pour I'EUT alimenté en courant alternatif triphasé, 20 impulsions positives et
20 impulsions négatives sans synchronisation de phase;

e la fréquence de répétition des impulsions d'au moins une impulsion par minute (les
comités de produits peuvent spécifier cette fréquence de répétition);

¢ les conditions de fonctionnement représentatives de I'EUT;

e [rois orientations orthogonales du champ magnétique dans le cas de l'équipemen{ de
able;

e [rois orientations du champ magnétique dans le cas de I'équipement posé au sol;

e |es emplacements de la bobine d'induction par rapport a I'EUT (points d'essai).

Pour la plupart des produits, la synchronisation de phase peut ne pas étre appropriée. |Par
cor}équent, il convient que les comités de produits déterminent sa. n€cessité pour lg¢urs
prodluits.

NOTE 1 L'application des essais avec différents angles de phase peut étre ‘plus critique pour les équipenients
possgdant un onduleur.

NOTE 2 Des considérations particuliéres relatives a la sécurité peuvent's'avérer nécessaires lors de ['utilisption
de Ig sortie du RCD du générateur.

9 |Evaluation des résultats d'essais

Les|résultats d'essai doivent étre classés en, termes de perte de fonction ou de dégradaftion
des|performances de I'équipement en essaiypar rapport a un niveau de performances défini
par|son fabricant ou par le demandeur de I'essai, ou en accord entre le fabricant et I'acheleur
du produit. La classification recommandée est la suivante:

a) performances normales dans(les limites spécifiées par le fabricant, le demandeun de
'essai ou l'acheteur;

b) perte temporaire de fonction ou dégradation temporaire des performances cessant apres
a disparition de la perturbation. L'équipement en essai retrouve alors son fonctionnenent
hormal sans l'intervention d'un opérateur;

c) perte temporaire—de fonction ou dégradation temporaire des performances exigeant
'intervention«d'un opérateur;

d) perte de{fonction ou dégradation des performances non récupérable, due a| un
endommagement de I'équipement ou du logiciel, ou a une perte de données.

La $pgcification du fabricant peut définir des effets sur I'EUT pouvant étre considérés comme
étant'non significatifs, et donc acceptables.

Cette classification peut étre utilisée comme un guide pour I'élaboration des critéres de
performances, par les comités responsables des normes génériques, de produit ou de famille
de produits, ou comme un cadre pour l'accord sur les criteres de performances entre le
fabricant et I'acheteur, par exemple lorsqu'aucune norme générique, de produit ou de famille
de produits appropriée n'existe.

L'équipement ne doit pas devenir dangereux ou non sir suite a I'application des essais.

10 Rapport d'essai

Le rapport d'essai doit contenir toutes les informations nécessaires pour reproduire I'essai. En
particulier, les éléments suivants doivent étre consignés:
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