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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 4-10: Testing and measurement techniques —
Damped oscillatory magnetic field immunity test

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardizationteompri
pll national electrotechnical committees (IEC National Committees). The object of IEC i§~to pron|
nternational co-operation on all questions concerning standardization in the electrical and electronic fields
his end and in addition to other activities, IEC publishes International Standards, Technical) Specificati
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as *
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National*\Committee intere
n the subject dealt with may participate in this preparatory work. International, governmental and 1
bgovernmental organizations liaising with the IEC also participate in this preparation/”1EC collaborates clo
ith the International Organization for Standardization (ISO) in accordance with) conditions determined
pgreement between the two organizations.

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

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

n order to promote international uniformity, IEC National Committees undertake to apply IEC Publicat
ransparently to the maximum extent possible in their national and regional publications. Any divergs
between any IEC Publication and the correspondingnational or regional publication shall be clearly indicate
he latter.

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

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

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

Attention is drawn tg the Normative references cited in this publication. Use of the referenced publication|
ndispensable for the eorrect application of this publication.

Attention is drawn-to the possibility that some of the elements of this IEC Publication may be the subjed
patent rights7IEC shall not be held responsible for identifying any or all such patent rights.
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International Standard IEC 61000-4-10 has been prepared by subcommittee 77B: High
frequency phenomena, of IEC technical committee 77: Electromagnetic compatibility.

It forms Part 4-10 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.

TpUS

a) [new Annex A on induction coil field distribution;

b) Inew Annex D on measurement uncertainty;
c) |new Annex E for numerical simulations;
d) |calibration using current measurement has been addressed in this edijtion.

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

CDV Report on voting
77B/730/CDV 77B/746K/RVC

Fufll information on the voting for the approval of this/standard can be found in the reportfon
voting indicated in the above table.

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

A ljst of all parts in the IEC 61000 series, published under the general title Electromagnétic
compatibility (EMC), can be found on the*|EC website.

The committee has decided that ¢he contents of this publication will remain unchanged until
thel stability date indicated on_the IEC website under "http://webstore.iec.ch" in the dpta
related to the specific publication. At this date, the publication will be
e |reconfirmed,

e |withdrawn,

e |[replaced by a revised edition, or

e |amended:

IMPBRFANT—TFhe—cof nsidet " Ethi bcation—indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.
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INTRODUCTION
IEC 61000 is published in separate parts according to the following structure:

Part 1: General

General considerations (introduction, fundamental principles)

Definitions, terminology

Part 2: Environment

Description of the environment
Classification of the environment
Compatibility levels

Part 3: Limits

Emission limits

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

Part 4: Testing and measurement techniques

Measurement techniques
Testing techniques

Part 5: Installation and mitigation guidelines

Installation guidelines
Mitigation methods and devices

Paftt 6: Generic standards
Part 9: Miscellaneous

Eagch part is further subdivided into several parts, published either as international standards
or @s technical specifications or technical reports, some of which have already been published
as [sections. Others(wil be published with the part number followed by a dash and a sec¢nd
number identifying the subdivision (example: IEC 61000-6-1).

Th

1A 73

acgordinghy-

®
L
o)
T
o
)
T
)
>
o
pe
B
o
)
o
oS

This\part is an international standard which gives immunity requirements and test procedures
relatedto “damped oscittatory magnetic flefd™
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ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 4-10: Testing and measurement techniques —
Damped oscillatory magnetic field immunity test

1 Scope and object

This part of IEC 610004eia¢es49 specifies the immunity requirements—ef-egquipment—gnly
, test methods, and range of recommended test levels |for
ipment subjected to damped oscillatory magnetic disturbances related to medium voltage
high voltage sub-stations.

D
P
D
[ox

<

The¢ test defined in this standard is applied to equipment which is\intended to be installeq in
locptions where the phenomenon as specified in Clause 4 will bg-encountered.

This standard does not-censider specify disturbances due\to’capacitive or inductive coupling
in ¢cables or other parts of the field installation. IEC 61000-4-18, which deals with conducted
disturbances, covers these aspects.

The object of this standard is to establish a common and reproducible basis for evaluating the
pefformance of electrical and electronic equipment for medium voltage and high voltage sub-
stations when subjected to damped oscillatory magnetic fields.

The test is mainly applicable to electfonic equipment to be installed in H.V. sub-stations.
Power plants, switchgear installations, smart grid systems may also be applicable to this
standard and may be considered by product committees.

NOTE As described in IEC Guidé\107, this is a basic EMC publication for use by product committees of the ||EC.
As plso stated in Guide 107, ti{e {EC product committees are responsible for determining whether this immunity
tesf standard is applied or not, and if applied, they are responsible for determining the appropriate test levels fand
performance criteria. TC Z7A\and its sub-committees are prepared to co-operate with product committees in|the
evaluation of the value ofparticular immunity test levels for their products.

This standard-has-the-objectto defines:

— |recommelided a range of test levels;
— |test.equipment;

— |test.setups;

— test procedures.

2 Normative references

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

IEC 60050 (all parts), International Electrotechnical Vocabulary (IEV) (available at
www.electropedia.org)
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3

Terms, definitions and abbreviated terms

3.1 Terms and definitions

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

3.11
calibration
sefl of operations which establishes, by reference to standards, the relationship whichi™exi

un

er specified conditions, between an indication and a result of a measurement

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

Notg 2 to entry: The relationship between the indications and the results of measuremert can be expressed,

principle, by a calibration diagram.

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

3.1.2

damped oscillatory wave generator

gemerator delivering a damped oscillation whose frequengy can be set to 100 kHz or 1 M
andg whose damping time constant is five periods

3.1.3

immunity

ability of a device, equipment or system to perform without degradation in the presence of|

electromagnetic disturbance

[SQURCE: IEC 60050-161:1990, 161~01-20]

3.1.4
induction coil

conductor loop of defined shape and dimensions, in which a current flows, generatm* a
malgnetic field of defined-censtancy—in-its—plane—and-in-the-enclesed uniformity in a defi
volume

3.1.5

induction coil factor
ratio between‘the magnetic field strength generated by an induction coil of given dimensi
an[ the eerresponding current value

—

S,

p

Hz

an

ed

DNS

Notg '\t6 entry: The field is that measured at the centre of the coil plane, without the EUT.

3.1.6

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
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the o Liolol 4 4
tHEFaghc o HoTa toot

pait of the Earth considered as conductive, the electrical potentiig?which is convention
taken as zero, being outside the zone of influence of any earthm@) ounding) arrangement

[SOQURCE: IEC 60050-195:1998, 195-01-01] \Q/

3.1.8 Q
system Q
sef| of interdependent elements constituted to Q hieve a given objective by performing
spéecified function

s\\‘f

Notg 1 to entry: The system is considered to be s%&xted from the environment and other external systems b
imapinary surface which cuts the links between and the considered system. Through these links, the syg
is dffected by the environment, is acted upo *gthe external systems, or acts itself on the environment or
extgrnal systems.

3.19 \O
traphsient, adjective and nou \{‘
peftaining to or designﬁ}rb a phenomenon or a quantity which varies between
consecutive steady states

[SQURCE: IEC 6%@161:1990, 161-02-01]

3.1/1 @

ve||f|cat|o
sef| of @&a ions which is used to check the test equipment system (e.g. the test generg
an 22/ connecting cables) to demonstrate that the test system is functioning

ring a time interval short compared to the time scale of interesf

by

an
tem
the

WO

tor

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 give
IEC 60050-311:2001, 311-01-13.

3.2 Abbreviations

AE Auxiliary equipment

EMC Electromagnetic compatibility
EUT Equipment under test

MU Measurement uncertainty

PE Protective earth

RGP Reference ground plane

nin
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4 General

Damped oscillatory magnetic fields are generated by the switching of H.V. bus-bars by
isolators or disconnectors. The magnetic fields to which equipment is subjected—may can
influence the reliable operation of equipment and systems.

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

Thé wave shape of the test field-censists—ef corresponds to a damped oscillatory. wave (see
Figure 2). The characteristics are given in 6.2.2.

Infprmation on the oscillation frequency is given in Annex C.

5 | Test levels

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

Table 1 — Test levels

Level

Damped oscillatory magnetic field strength

A/m (peak)

a b WO N =

Xa

not applicable
not applicable
10
30
100
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 "n a" = not apnlicable.

x"-iSsen-open can be any level, above, below or in between the others.

This level, as well the duration of the test,-can-be-given-intheproduet
specification shall be specified in the dedicated equipment specification.

[ he selectionof s civen in AnRex.C.

The test levels shall be selected according to the installation conditions.
installation are given in Annex B.

Classes of
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6.1

The
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6.2
6.2

The
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A dimplified circuit diagrar(;}the generator is given in Figure 1.

Test instrumentation '\Q'
4
X
General QQ
b test system comprises the damped oscillatory wave genera@'\and the induction coil fg
le-top test setup and, in addition, an RGP for a floor-standi est setup.
. N\
Damped oscillatory wave generator ‘\
.1 General QQ
b damped oscillatory wave generator shall b e to deliver the required impulse curren
induction coils specified in 6.3.

\(\

[E For this application, a modified version st!\e damped oscillatory wave generator similar to the gener
tioned in IEC 61000-4-18 is used as a cur@ﬁgsource

b waveform is specified as a 36)?\ circuit current and therefore shall be measured with
uction coil connected.
. \1:

OQQ

O
&
O
o

_1
Q

[ to

btor

the

NS
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Cc
Re I;I
1 o—0 ‘o)
So l
S
U — I I L ¢ To |ncc:)Li1|ct|on
C1 €2
© & O
fec
U: High voltage source R:: Charging resistor
C: Control duration L: Coil oscillation circuit
S, Frequency selector S, Duration selector

C4,|Co: Capacitors oscillation circuit (switchable from 0,1 MHz to 1 MHz)

Figure 1 — Simplified schematic circuit of¢he’test generator
for damped oscillatory magnetic field

6.2.2 Performance characteristics of the gen€érator connected to the standard
induction coil

The¢ performance characteristics below are ‘*applicable for the generator connected to fhe
stajpdard induction coils outlined in 6.3.

@)

Cufrent in the coils (Pkq value) see Table 2

[72]

Cillation period see Table 3

Wgveform of the damped oscillatery magnetic field see Figure 2

Detay rate D4, D, Pkg shall be > 50 % of the Pk, value and Hkqq
shall be < 50 % of the Pk, value

Repetition rate 1/7,.,«See Figure 3) 40/s £ 10 % for 100 kHz and 400/s = 10 %|for
1 MHz

Test duration not less than 2 s

Phase shifting no requirement

[
=
o

Ostillation frequency is defined as the reciprocal of the period of the first and third z
crassings after the initial peak. This period is shown as 7 in Figure 2.
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Pk1q
Pk3

Ipps (7)
oo
| ore
o
-
]
I~
L~
v

Pko

IEC
Key

= us (1 MHz) or 10 pus (0,1 MHz)

Figure 2 — Waveform of short-circuit currentiify the standard coils

~
Trep
IEC

Figure 3 - Waveformof short-circuit current showing the repetition time 7.,

The formula of the ideahwaveform of Figure 2, Ipog(?), is as follows:

nh
iq L ;
I t)=K; sin{\ St
pos(?) i Ko e (8)
1+( ! ] e 2h
Hp

with

_ﬂ_h(,,h’z_hJW
KH =e¢ 2p “p
where the parameters for oscillation period 7= 1 us are:

K;=1;i,=0,963; t4;, = 0,08 us; t5, = 4,8 us; nh = 2,1, f = 6,27 x 106 rad/s:

and the parameters for the oscillation period 7= 10 us are:
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K;=1;i,=0,963; t4, = 0,8 us; t,, = 48 us; nh = 2,1; = 0,627 x 106 rad/s;

6.3 Standard induction coil

For the two single-turn standard coils of 1 m x1 m and 1 m x 2,6 m, the field distribution is
known and shown in Annex A. Therefore, no field verification or field calibration is necessary;
the current measurement as shown in Figure 4 is sufficient.

Oscilloscope

e
4] °i0izme
| E 5{‘:9

Jooo

Smo | 10188

T

Attenuator

Current probe

Damped oscillatory
wave generator

X

IEC

Figure 4 — Example of a current measurément of standard induction coils

The induction coil shall be made of copger, aluminium or any conductive non-magng¢tic
malterial, of such cross-section and mechanical arrangement as to facilitate its staple
positioning during the tests.

The¢ characteristics of induction @0ijls with respect to the magnetic field distribution are giyen
in Annex A.

6.4 Calibration of the test system

The essential characteristics of the test system shall be calibrated by a current measuremgnt
(see Figure 4).

The output_¢urrent shall be verified with the generator connected to the standard inducjion
coi| specified in 6.3. The connection shall be realized by twisted conductors or a coaxial caple
of iip to=3\m length and a suitable cross-section.

Th -] bpcbiﬁbdtiullb giVUII iII TdIUiU 3 dlc IIUt dppiibdbic fUI bdiibldtiullb pUIfUIIIIUd dt tUbi iUVUI 5
with the 1 m x 2,6 m standard induction coil connected. In this case, the calibration shall be
performed by only using the 1 m x 1 m standard induction coil.

The following specifications given in Table 2 and Table 3 shall be verified.
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Table 2 — Peak current specifications of the test system

Test Peak current 7 + 20 %
A
level
System using 1 mx 1 m System using 1 m x 2,6 m
standard induction coil standard induction coil
1 not applicable not applicable
2 not applicable not applicable
3 11,1 15,2
5 111 see note 2 A
X special/0,9 special/0,66 Q}/
NOTE 1 The values 0,9 and 0,66 are the calculated coil factors of standard ?\Q)
induction coils.
NOTE 2 The calculated value is 152; however, there is currentKQé
commercial generator available.
N
Q”
Table 3 — Waveform specifications of the t%"bsystem
<
Calibration items Oscillati requency
100 kH S 1 MH
z O z
Ogcillation period T=10ps £ 1 pus (\Q T=1ps=0,1ps
T N AV -
Rgpetition time of the pulses Trep =25ms+25 ms\\Q Trep =2,5ms + 0,25 ms
Dgcay rate of one pulse D,q = |1(PK5)+1(@ > 50 % D,q =|I(PK5)+1(PKy) > 50 %
Dy = |I(PK‘& =1(PK1) <50 % Dyp =|I(PK1g)+1(PK1) < 50 %
N
.\@
Th

Th
me

b calibrations shall be perform@ at all levels which are used by laboratories.

b calibrations shall be ¢ s{ggout with a current probe and oscilloscope or other equival
psurement instrumentation with a 10 MHz minimum bandwidth.

.

ent

7 | Test setup O
71 Test @pment
C) i The following-cempoenents equipment is part of the test setup:
- eﬁ(ﬁpment under test (EUT);
— auxiliary equipment (AE) when required;
— cables (of specified type and length);
— damped oscillatory wave generator;
——iooloonoroion

standard induction coil;

o K| filter.

RGP in case of testing floor standing equipment.
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7.2

Th

To

Verification of the test instrumentation Q’\b
b purpose of verification is to ensure that the test setup is operating @r ctly. The fest
setup includes: b"\
the damped oscillatory wave generator; Q’
o Q
the induction coil; ;\Q
the interconnection cables of the test equipment. C)(b
verify that the system is functioning correctly, the folloqi%signal should be checked:

Iti

NO
7.3

Ta
COi
Th
0,6

Th

WH
7.4

Iti

eqliipment (e.g. current probe, oscilloscope). &

impulse present at the standard induction coil terr@a?s.

5 sufficient to verify that the impulse is preseQ?t any level by using suitable measun

[E Test laboratories can define an internal co%&eference value assigned to this verification procedure.

Test setup for table-top EUT®$

mx0,6mx2m(Lx H).
e induction coil s@e positioned in three orthogonal orientations.

en an EU es not fit into the induction coil of 1 m x 2,6 m, the proximity method (§
) shall pplied.

ing

H).

4\
ble-top EUTs shall be placed a non-conductive table. The 1 m x 1 m standard inducfjion
may be used for testing with dimensions up t0 0,6 m x 0,6 m x 0,5 m (L x W x
b 1 m x 2,6 m standard i ction coil may be used for testing EUTs with dimensions uq

to

ee

the

cal

5 ecessary to maximize the impact of cables during this test. The proximity of
I o the induction coil can impact the results so the cables shall be routed to minim

ize

this impact. The minimized cabling dimension shall be incorporated into the determination of

the

maximum size of an EUT that can be tested.

An RGP is not required below the EUT (see Figure 5 below). The induction coil shall be kept
at least 0,5 m from any conducting surfaces, for example the walls and floor of a shielded
enclosure.
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0

Twisted T
cable length = EUT
maximum 3 m O |4 H

Damped oscillatory
wave generator /_v / ~ /

Figure 5 Example of test setup for table-top equipment

Test setup forfloor standing EUT

IEC

ar
ee
the

'he
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.........

. .
o EUT e Damped
R L oscillatory
----..---..--------...--::: ...... wave generator
e )
!' CX R o

1,0 m
m

|

\
\
}

IEC

Figure 6 — Example of test setup for floor standing equipmeéent
showing the horizontal orthogonal plane

For floor standing equipment (e.g. cabinets) where the top of the ENJ is greater than 0,74 m
from the RGP, more than one position shall be tested. In any caséy the induction coil showm in
Figure 6 shall not be placed below 0,5 m. Figure 7 shows.afi example for testing with a

vertical orthogonal plane.

L
Damped
EUT oscillatory
wave generator
/
H \M
O
2 ¢
o /

RGP

IEC

Figure 7 — Example of test setup for floor standing equipment
showing the vertical orthogonal plane

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

W |l B o N | P +F S ) 4lo 4 1 H | £ 41 o 0O 4lo : HY 4lo al L
CIl alr UuTO TIUL 1L TTnu e rouiariguiar CUIT Ut 1T 111 <, U 111, T PrUATTmty 1Thctirmiuu \oee

\v)
Figure 8 and 7.5 for more detailed information) shall be applied.

It is not necessary to maximize the impact of cables during this test. The proximity of the
cables to the induction coil can impact the results so the cables shall be routed to minimize
this impact. The minimized cabling dimension shall be incorporated into the determination of
the maximum size of the EUT that can be tested.
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/ _%"2

EUT

10 cm f_ H ’H H
7/—£

Figure 8 — Example of test setup using the proximity methogd

IEC

Test setup for damped oscillatory field applied in-situ

ilar equipment. During in-situ testing, an RGP is normally nétyavailable. Therefore
ximity method is the only practical test method without the RGP"in place. Figure 8 gives
mple for a test setup for in-situ testing. The 1 m x 1 m standard induction coil should
d when examining EUTs using the proximity method{Further, it is necessary that

and the EUT shall be (10 £ 1) cm.

Test procedure

General

b test procedure-shat includes.

the verification of the testipstrumentation according to 7.2;

the-verification establishiment of the laboratory reference conditions;
the-preliminary-vesification confirmation of the correct operation of the-equipment EUT,;

carrying-out the execution of the test;
the evaluation of the test results (see Clause 9).

Laboratory reference conditions

bitu testing is generally the only practical test method availablexior large machinery| or

the
an
be
the

dard induction coil is isolated from the EUT. The distante between the standard inductfion

[E The distance has been defined to ensure the same_field strength as in the center of the standard indugtion

8.2.

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

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

8.2.2 Electromagnetic conditions

The electromagnetlc condltlons of the Iaboratory shaII be such as to guarantee the correct

8.3 Carrying-out Execution of the test

Vefification shall be performed. It is preferable to perform the venﬂc%@ prior to the test ($ee
7.2).

The test shall be—eemed—eut—eﬂ—the—lea&s—ef performed a@%ng to a test plan
i i i ich

(n
&
D
D
o
D
o
T
T
)
m
p=
B
L
3_
D
8

arv tyna tha nrovimity
Ryt tHe—pf HHLY

of
p—O+

N
NO ln-order to Anfnﬁ$mn t suysceptible_sid
N -orderto-deteet-themost e,
may for—fnv A



https://iecnorm.com/api/?name=31adaddc05b8b143740cffcc7e637022

- 26 - IEC 61000-4-10:2016 RLV © IEC 2016

damped oscillatory magnetic fields). O‘\
Tesgting and calibration shall be performed based @w waveform specified in Figure 2 and
Figure 3. Q
N

NO

Th

test level; Q}/
test duration (not less than 2 s); Q’\Q}
oscillation frequencies; Qq/
representative operating conditions of the EUT; ,'\

orientations of the field; QQ’b‘

number of test points; ,\Q
locations of the standard induction coil relative to the EUT tg@t points);

selection and justification of test points (recommende«a«'e areas of EUT susceptiblg to

'E Product committees can apply longer test durati&ag, if appropriate for their products.

e test duration shall be applied only §€&\|me for each orientation.

¥

Evaluation of test results
xO

@on of performance of the equipment under test, relative to a performance Igvel
by its manufacturer or the requestor of the test, or agreed between the manufactyrer

and the purchaser of the product. he recommended classification 1S as Tollows:

a)

b)

d)

normal performance within—the—specification limits specified by the manufacturer,
requestor or purchaser;

temporary loss of function or degradation of performance which—is—self-recoverable
ceases after the disturbance ceases, and from which the equipment under test recovers
its normal performance, without operator intervention;

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

requires operator intervention-ersystem-—reset;

loss of function or degradation of performance which is not recoverable owing to damage

ofequipment{components) to hardware or software, or loss of data.
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The manufacturer’s specification may define effects on the EUT which may be considered
insignificant, and therefore acceptable.

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

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

Th
the

Test report \sg\@
b test report shall contain all the&@rmation necessary to reproduce the test. In particu

following shall be recorded: o

the items specified in the @L’t plan required by 8.3;

identification of the E nd any associated equipment, for example, brand name, prod
type, serial numb

er; .
identification of Q&st equipment, for example, brand name, product type, serial numb

any s ¢ conditions necessary to enable the test to be performed;
thee%ormance level defined by the manufacturer, requestor or purchaser;

any special e@&ironmental conditions in which the test was performed, for example,
shieldezf%sure;

ar,

uct

er;

the/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 disturban
and the duration for which these effects persist;

ce,

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)

Information on the field distribution of standard induction coils

1 General

016

Annex A gives information on the maximum size of an EUT and its location in the standard
induction coils. The field is considered sufficiently uniform if the magnitude of the magn

tic

field strength is within +3 dB of the field strength in the centre of the induction coil. A

Fo

wire approximation). N
>
A.2 Determination of the coil factor ,'\Q
Q’b‘
A.2.1 General Q
The¢ induction coil factor should be determined by calculatio \'he coil factor is used| to
cal

centre of the induction coil.

A.3.2 Coil factor calculation

Th
sin

wh
val
to

Culate the current in the induction coil to obtain the requir@ magnetic field strength in
A\
Q OK
%
)

H(P ®$1
kcp(P) = —AX .
O

T

Ja? +(c12f ’ Vb2 + (/2P

bre H(P) is the magnetig}kld at point P and 7 is the induction coil current. Equation (A.1
d, when the largest diménsion of the cross-section of the coil conductor is small compa

Y
the field computations the finite cross-section of the loop conductors are ne%ggd (fhin

[4a/c+c/a 4b/c+c/b] A.1)

the

b coil factor can be calculated from the geometrical dimensions of the induction coil. Fqr a

gle-turn, rectangular induction coil having §\ a + b and ¢ (see Figure A.1), the coil fadtor
kcH is given by

is
red

he shortest side e induction coil. For a square induction coil with side ¢ and if P i§ at
thel centre of the ena=b=c/2.If Pis at the centre of a rectangular coil, then a« = 4. If
thel RGP is the m side of the coil, then equation (A.1) is still valid, taking into account
image of the al (physical) coil. In this case, if P is at the centre of the physical coil, t
thel ko of oil formed by the physical coil plus its image is given by equation (A.1) wi
=3 xa.

&S

the
en
b
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cl2 cl2

IEC

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

A.3 1 m x 1 m standard induction coil

The +3 dB and -3 dB isolines for the magnetic< field strength (magnitude) are shown
Figure A.2 for the x-y plane and in Figure A.,3\for the x-z plane. The maximum EUT size

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

0dB

+3 dB

P

Ty

Maximum EUT size

» (width x length = 0,6 m x 0,6 m)

ey

\x-y plane

Fud

x-z plane
p

IEC

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

Figure A.2 — +3 dB isoline for the magnetic field strength (magnitude)
in the x-y plane for the 1 m x 1 m induction coil
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Maximum EUT size
(width x height = 0,6 m x 0,5 m)

<

| 3 \x—z plane
| | | | \ I | \ | +3 dB

-3 dB

IEC

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

A.4 1 mx 2,6 mstandard induction coil with refefgnce ground plane

The¢ +3 dB and -3 dB isolines for the magnetic {ield strength (magnitude) are shdwn
in Figure A.4 for the x-z plane and in Figure A.5 fof the x-y plane. The maximum EUT siz¢ is
width x length x height = 0,6 m x 0,6 m x 2 m.

For the calculation of the + 3 dB isolines the size of the reference ground plane is considefed
as nfinite.

=S M +3 dB

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

/\ 4\\x—y plane

0dB

| x-z plane

A

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

IEC

Figure A.4 — +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
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Maximum EUT size 3 4B
(width x length = 0,6 m x 0,6 m) -
%
- .
_2" x%
048 7 +3dB
/ a | /

IEC

Figure A.5 — +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 coiDwith reference ground plane

A% 1 m x 2,6 mstandard induction coikwithout reference ground plane

_|
=y
7

+3 dB and -3 dB isolines for the mragnetic field strength (magnitude) are shdwn
in Figure A.6 for the x-y plane and in Figure A.7 for the x-z plane. The maximum EUT siz¢ is

width x length x height = 0,6 m x 0,6 m&'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 outside the loop.

Figure A.6 — +3 dB isoline for the magnetic field strength (magnitude) in the x-y plane
for the 1 m x 2,6 m induction coil without reference ground plane
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Maximum EUT size
(width x height = 0,6 m x 0,6 m)

-3 dB

Lo

:\x—z plane

7/

IEC

Figure A.7 — +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 B
Lommotiie
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Annex B
(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 and
envirenmental conditions.

Refommendations for test levels are given in Clause 5. The actual selection(ef*test leels

shat-be-choesen-accordingto should take into account:

— |the electromagnetic environment;

— |the potential proximity of damped oscillatory magnetic field distiurbances sources to the
equipment concerned;

— |the installation conditions typically to be expected for an instaljation in the electromagnétic
environment under consideration;

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

An|appropriate test level for equipment depends @n the electromagnetic environment in which
eqliipment is intended to be used. Based on. common installation practices which pre
re;{resentative for the electromagnetic enviroiment concerned, a guide for the selection of
tesft levels for damped oscillatory magnetic fields testing may be the following:

Clgss 1:  Electromagnetic environment with particular mitigation measures employed| in
order to allow electromagnétic phenomena to occur to a certain extent only (g.g.
phenomenon does not.occur, phenomenon occurs with a relatively low amplityde
only, etc.)

Controlled elegcttomagnetic environment: where sensitive devices are planneq to
be used (e.g. etéctron microscopes, cathode ray tubes, etc.)

The test™s not applicable to equipment intended to be used in this class| of

enwronment—whe#e%%s%w%@;@—aeetmﬁkbeaﬁke&n—b&used—émemk%

Clgss 2: . (WeHprotected Electromagnetic environment representative for residential areaq

Shielded a.ieasﬁ le.' inaustrial ”_’sm“at‘e”s and—H-V—sub-stations—may

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

influence of switching—efH\/-—bus-barsby-iselaters phenomena in medium- and

high-voltage substations.

Class 3:  Protected Electromagnetic environment representative for office/commercial areas
Locations of this class of environment are characterlzed by—M—\Leweeu%s—and—H—V—

eeﬂeemed a potentlal prOX|m|ty to medlum voltage and hlgh voltage SW|tchgear or
to conductors carrying corresponding transients. A computer room in the vicinity
of-H- a sub-station-may might be a representative-ef-this—envirenment for such
location.
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Fypicatindustrial Electromagnetic environment representative for industrial areas

eqmement—eeneemed the presence of med|um or hlgh voltage substatlons and of
conductors carrying transient fault currents. Control rooms of sub-stations and

fields with high-current equipment/installations might be representatives for such

locations.

It

asy
loc
asy

The

as

ss 5:

ss X!

thould be noted that the lines of equipmeni~(e.g. cabling, bus bars, overhead Iinﬁs)
ociated to electromagnetic environments with higher test levels can penetrate into
btions being assigned to an environment. with lower test levels. In such cases a

essment of the latter location with respect to the suitable test levels should be carried o

S — —Tonv

Harsh electromagnetlc environment-is which can be characterlzed by the foIIow
attributes:

h4gh—pewef—eleemea4—eqe+pmem-conductors bus bars or MVor H.V. lipes

carrying tens of kA.

Switchyard areas of heavy industrial plants, M.V/H.V. sub-stations and po
stations—may might be representatives—ef—this for locatiens with such
electromagnetic environment.

Special electromagnetic environment

The minor or major electromagnetic separation- of’ interference sources fi
equipment circuits, cables, lines etc., and the quality’of the installations may reqy
the use of-a higher or lower-enviroenmental test tevels than those described abg
This may need a case-by-case assessment.

above selection of test levels in térms of electromagnetic environments should be us
a guide only. There might be cagés where a location might be assigned to one of

abgve types of electromagnetic ~environments but due to the features of the equipm

cofl
ele
be

cerned or other circumstances a different test level than that associated to that typsg
ctromagnetic environment(might be more appropriate. Corresponding assessment sho
done by the parties involved (e.g. product committees).

ing
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Annex C
(informative)

Damped oscillatory magnetic field frequency

| The phenomenon is typical of the switching of isolators in H.V. sub-stations, and particularly
in H.V. bus-bars.

The

wit

arg smoothed by the overall capamtance of the structures of H.V. equment ay” t
prdpagate.

Theé voltage front-wave has an evolution that includes reflections due to the mismatching

tra
fre

| Th

thel characteristic impedance of the H.V. circuits involved. In this respect, the resulﬂing

nsient voltage and current in H.V. bus-bars are characterized by a fundamental oscilla
quency that depends on the length of the circuit and on the propagation time.

standard is directly related to the peak voltage on the bus-bars and their characteri
impedance; the voltage is about twice the phase peak value of the H.V. system, and
curnrent (determined also by the characteristic impedanceof'such circuits) is about 2 kA peg

Th
of

H.V. circuits (1 uH/m), the series capacity of the circuit-breaker in the off-state (500 ¢

thg concentrated capacity of capacitive voltage transformers (some nF), of curr

tra

Th
| infl

nsformers (300 pF) and of H.V. supports (20.pF each).

b oscillation frequency ranges from\ about 100 kHz to a few MHz depending on
uence of the parameter-yet mentioned and the length of the bus-bars, which may vary fn

tens of meters to hundreds of meters: (400 m may occur).

In

his respect the oscillationcfrequency of 1 MHz may be considered representative of m

sityations, but 100 kHz has been considered appropriate for big H.V. sub-stations.

Th

fun

b repetition frequencey is variable and, provided the other conditions are the same, i

thel maximum repetition frequency, while for distances between the contacts at the limit
extinction of the‘arc, the minimum repetition frequency in respect of each phase is twice

po

ver frequency (100/s for 50 Hz and 120/s for 60 Hz H.V. systems), but at these frequeng

thgl maximum magnetic field strength occurs.

Th

of

ion

e transient current peak value that generates the magnetic fields—ebject-of defined in this

5tic
the
k.

e frequency of oscillation is determined by the length of the H.V. and by the self-inductance

F),
ent

the

ost

5 a

ction of the distance between the switching contacts: that is, with closed contacts, ther¢ is

of
the
ies

b “repetition rates selected for the 0,1 MHz and 1 MHz test fields represent therefor

e a

compromise, taking into account the different durations of the phenomena,
representativity of the different frequencies and the problems related to the power of the test
generator.

the
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Annex D
(informative)

Measurement uncertainty (MU) considerations

D.1 General

The compllance of the reallzed disturbance quantity with the dlsturbance quantlty specified by

The result of each measurement includes a certain amount of measurement uncertaéa\y, U)
du¢ to the imperfection of the measuring instrumentation as well as to the lack of repeatabllity
of the measurand itself. The evaluation of MU is done here according to the pr\ iples and
mefthods described in IEC TR 61000-1-6. (19
N N
In prder to evaluate MU it is necessary to: ,
a) |identify the sources of uncertainty, related both to the measuri@ﬁstrumentation and to
the measurand, '\Q
b) |identify the functional relationship (measurement model between the influence (ingut)
guantities and the measured (output) quantity,
c) |obtain an estimate and standard uncertainty of the mgg&antltles
d) |obtain an estimate of the interval containing, @ high level of confidence, the tfue
value of the measurand. Q
Fufther details are given in IEC TR 61000-1-6.\\}\
The¢se estimates and uncertainties, de;§s% for a particular disturbance quantity, do phot
degcribe the degree of agreement be n the simulated electromagnetic phenomenon,|as
defined in the basic standard, and th al electromagnetic phenomenon in the world outdide
the| laboratory. 4\
Since the effect of the parame}bs of the disturbance quantity on the EUT is a priori unkngqwn
andl in most cases the E ows a nonlinear behaviour, a single estimate and uncertainty
nufnbers cannot be defined”for the disturbance quantity. Therefore each of the parameterg of
thel disturbance quantifix will be accompanied by the corresponding estimate and uncertainty.
This yields to more than one uncertainty budget.
D.2 Leg@
Ip of the damped oscillatory current impulse injected into the coil
Hp N eak of the magnetic field impulse

kcg Coll factor of the induction coil: Hp = kg x Ip

NOTE The meaning and the relations among the symbols u(x,), c,, u,(»), u,(v), U(y) and y are explained in IEC TR

610

00-1-6.

D.3 Uncertainty contributors to the peak current and to the damped

oscillatory magnetic field measurement uncertainty

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

reading of peak value

bandwidth of the measuring system



https://iecnorm.com/api/?name=31adaddc05b8b143740cffcc7e637022

- 48 - IEC 61000-4-10:2016 RLV © IEC 2016

e shape of the impulse response of the measuring system

e oscilloscope horizontal axis measurement error

e oscilloscope vertical axis measurement error

e measurement system, measurand and setup repeatability (type A)

e calibration of oscilloscope and measuring system

e coil factor of the induction coil

D.4

1 General
,\@

In the case of the magnetic field test, the disturbance quantities are the dam'&d oscillatpry
cufrent generated by the test generator and injected into the coil terminal d

calibration

the damped

osgillatory magnetic field applied to the EUT. As discussed in Claus p\ , an uncertainty
budiget for each measured parameter of the disturbance quantity is req d. The parameters

of {hese disturbance quantities are /p for the impulse current and 7 the impulse magngtic
field. It is assumed that the magnetic field generated by the ind n coil is proportional to
thel current flowing into its terminals, the constant of proportionality being the coil factor 4.

Therefore the impulse magnetic field has the same wavesh

da
alt

The

ough required, is less demanding than that Ise peak. Therefore attention is focuged
herle on measurement uncertainty of the peak

a s the impulse current and fhe
peak of the magnetic field is obtained as Hp = kg x Ip. \

Additional parameters characterize the d|sturbanceQ|e. the frequency of oscillation

ping. However the evaluation of the meas ent uncertainty of these parametgrs,

e |mpulse

approach adopted here to evaluate{%e impulse MU is described in D.4.4 and D.4.5.

Table D.1 gives an example of the un ainty budget for the peak current impulse. The taple
incjudes the input quantities that ar Considered most significant for this example, the detgils
(nymerical values, type of prob density function, etc.) of each contributor to MU and the

reqults of the calculations requ or determining the uncertainty budget.

D.4
The

funlctional relation

0
2 Peak current C)\\

measurand is th\Mak of the damped oscillatory current impulse calculated by using the

&

Vi
O I = PR 1+ R+ 6V (E.1)
p R 2
3 T 1{&)
B
N
where
Ver is the impulse voltage peak reading
R+ is the transfer resistance of the current probe
OR is the correction for non-repeatability
4 is the d.c. vertical accuracy of the scope
B is the —3 dB bandwidth of the measuring system
B is the coefficient whose value is (63,8 + 7,1) kHz at the oscillation frequency f; =

0,1 MHz and (638 = 71) kHz at the oscillation frequency f; = 1 MHz
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The damped oscillatory current impulse oscillation frequency f; = 1 MHz is assumed for the

foll

owing example of uncertainty budget.

Table D.1 — Example of uncertainty budget for the peak of

nof

Ry
of

oR
Th

available or not active, then the rectangujar probability density function is used.

D,001 Q and an error bound of 5 %\(fectangular probability density function) are assume

quantifies the non-repeatahility of the measurement setup, layout and instrumentati
s is a type A evaluation-based on the formula of the experimental standard deviation s

of & sample of n repeated Wméasurements q; and given by

n—1

wh

bre 5 is the arithmetic mean of the q; values. oR is expressed in relative terms, and

s<qk>=\/ LS of d

the damped oscillatory current impulse (Ip)
Symbol | Estimate | Unit | ET | ynit PDF?2 Divisor | u(x) ¢ Unit | u(y) | Unit
bound i i i
VPR 0,115 | V 0,0002 | V triangular 2,45 | 0,000 09 1004 | 1/Q |0,092| A
RT U,0U1 Q) U,000 U5 (9] rectangular I, 7S 0,000 U5 11 5470 A7) 3,99 A
OR 0] 1 0,03 | 1 ”8::”]*)" 1,00 0,030 1155 | A 326 || A
oV 0 1 0,02 1 rectangular 1,73 0,011 6 115,5 A 1,33
B 638 | kHz 71 | kHz | rectangular | 1,73 40,99 | 0,001 48 | A/kHz | 0,061 || A
B 10 000 | kHz 1000 | kHz | rectangular | 1,73 577.4 ‘0*088 A/kHz | 0,054 || A
u (v) = \/Zui(y)z 4,99 A
Uy) = 2my) 9,98 || A
Y 15 || A
EXpressed in % of 115 A 8,6 %
2 Probability density function
Vek: is the voltage peak reading at the output of~aneurrent probe or across a current shynt.
The¢ error bound is obtained assuming that the _sScope has an 8-bit vertical resolution With
int¢rpolation capability (triangular probability demsity function). If the interpolation capability is

is the transfer impedance (or sensitiVity) of the current shunt or probe. An estimated vajue

.

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 d.c. §V is expressed in
relative terms. A 2 % error bound of a rectangular probability density function and an estimate
of 0 % are assumed.

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.4.5). The
interval (638 + 71) kHz is representative of a wide class of systems, each having a different
shape of the impulse response.

B:

the bandwidth B of the measuring system can be experimentally obtained (dir

ect

measurement of the bandwidth) or calculated from the bandwidth B, of each element of the
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measurement system (essentially a current probe or shunt, a cable and a scope) by using the

following equation:
2 2
S 03
B By By

An estimate of 10 MHz and a 1 MHz error bound of a rectangular probability density function
are assumed for B.

NOTE The uncertainty of the peak of the magnetic field impulse is obtained from the functional relations}h;n;xup =
kcH x Ip where kg is the coil factor as measured through the calibration procedure described in this s% d [i.e.
at power frequency). Therefore, if the measured kg is 0,90 (e.g. in the case of a square induction lo ose $ide
is 1lm) and its expanded uncertainty is 5 % then the best estimate of Hp is 104 A/m and its expan& uncertginty
is 919 % (see Table D.1) Q

D.4.3  Further MU contributions to amplitude and time measurementp\Q"
4

The following contributions may also have an impact on the MU budg ',b‘

Q

DC offset: The d.c. offset of the scope contributes to the age peak measuremgent
ungertainty, if the peak is measured from the nominal d.c (®ero line of the scope. This
contribution can be ignored, if the readout software of the g..de measures the peak from the

pulse base line. s\\
O

Time base error and jitter: The oscilloscope spec@étions may be taken as error boundg of
redgtangular probability density functions. Usually tQa contributions are negligible.

N\

N
Vertical resolution: The contribution depend&\gn the vertical amplitude resolution 44 and|on
thel slope of the trace dA4/dt. The uncertai s related to the half width of the resolution andl is
(44/2)/(dAldt). If trace interpolation is ormed (see the oscilloscope manual) a triangular
prdbability density function is used, erwise a rectangular probability density function is
usg¢d. This contribution may not be«\égligible when |dA/dt| < (44/T;), where T; is the sampling
intgrval of the scope. \O

o
D.4.4 Rise time of theq}é%’response and bandwidth of the frequency response of the
measuring syst

.

Lef 7,5 be the rise of the step response of the measuring system as defined by equatfion

(D J4) O

®) ”
Q% Tus = |27 [ (=T, o (t)ar (4.4)
\<<, 0

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

J-ho(t)dt =1, and T is the delay time given by
0

Ty = Itho(t)dt (D.5)
0

Equation (D.4) 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 time definition is usually adopted. Given the —3 dB bandwidth of the system
the two definitions lead to comparable rise times. Indeed, if we define

(Z:TMS -B (D6)

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 Ai(¢), are given in
Table D.2. It is evident from Table D.2 that it is not possible to identify a unique value of «
since a depends both on the adopted definition of the rise time (e.g. based on thresholds or
on|equation (D.4)) and on the shape of the impulse response of the measuring system| A
regsonable estimate of & can be obtained as the arithmetic mean between the mjnimjum
(321 x 1073) and maximum (399 x 1073) values that appear in Table D.2, that is 3@7 1Q-3.
Further, it can be assumed that, if no information is available about the meas sys m
apart from its bandwidth, any value of a between 321 x 1073 and 399 X(ll/ is equally
prdbable. Differently stated, « is assumed to be a random variable ha a rectangylar
prdbability density function with lower and upper bounds 321 x 10~ B\@nd 399 x 1073,
regpectively. The standard uncertainty of a quantifies both: a) thé)undlfference to the
mafthematical model adopted for the definition of the rise-time, and@he indifference to fhe
shgpe of the impulse response of the system. '\Q

T3ble D.2 — o factor (see equation (D.6)) of different un'ﬁpectional impulse responsés
corresponding to the same bandwidth\éf/lhe system B

FaN

Worder
Vilues of @ are multiplied by 10° | Gaussian | | orde|<>Q Rectangular | Triangulpr
(crit. damp.)
al, using equation (D.4) 332 &@ 363 321 326
N
al, 10 % to 90 % 339 2) 350 344 354 353

b
D.4.5 Impulse peak distortion d&\Qﬁ the limited bandwidth of the measuring system

The¢ distorted impulse waveform\@ut (t) at the output of the measuring system is given by fhe
convolution integral .
Ol

S -

C) Vin(z)- h(e - )= (0.7)

O —_— ~

bre VIn (ngthe input impulse waveform and #(t) is the impulse response of the measuring

wh
syqte e that A-h(¢)=hg(¢), where 4 is the d.c. attenuation of the measuring system. The
inp| veform can be approximated by its Taylor series expansion about the time mstanr o
Wh .,n l.hc IlllJul. |Gauhc$ itS pUGl\ VG:UG L4 p
Vinlep) 2 Vil 3
Vin(6) =V, + > -1o) +T-(t—tp) +.. (D.8)

Note that the first order term is missing from equation D.8 since V'(tp)z 0. Further ¥ip (tp)< 0,
because the concavity points downwards (maximum), and Viﬁ(tp)>0, because, for the standard

waveforms of interest here, the rise time is lower than the fall time. Substituting equation D.8
into equation D.7 and after simplifications, valid when the bandwidth of the measuring system
is large with respect to the bandwidth of the input signal (so that the power series terms
whose order is greater than two are negligible), we obtain
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Vo :%{1-%}1 (D.9)

(D.

10)

No

andl on the parameter a defined and derived in D.4.4. A simple mathematical ex

the

wh

analytically derived from equations (D.10) and (D.11) as

Th

NO

neg

NO
fron

NO
min

e that the parameter  depends on the second derivative of the standard input @c
ession
standard damped oscillatory waveform, useful for uncertainty calculation, is &m\ by

v
N

oot ,
Vin(t) = Ve sin(w?) Q’b‘ (D.
Q
bre fo = wg/(2n) is the oscillation frequency and ¢ is the da@%. The value of g can
\Z
b>>ar fy 6\ (D.

e value of 8, as obtained from equation (D.12),Qonrted in Table D.3.
D
Table D.3 — p factor (equation (D.1é3‘) of the damped oscillatory waveform
O\

kHz o= 0,1 MHz ™Y fy =1 MHz
>~
B 63,@@,1 638 + 71
xO

[E 1 Equation (D.12) is an‘\.@\,(j)‘?oximation because the exponential decay about the instant l‘=tp

ected. X C)

[E 2 The values of ined by using equation (D.12) and reported in Table D.3 do not appreciably d
the ones obtaine ugh computation from the mathematical waveform defined in this standard.

[E 3 Dampin can be obtained by measuring the ratio p > 1 between the amplitude of one maximum)|
mum) of th Ilation and the next one. It is given by equation (D.11).

%O

rm
for

ffer

(or

13)

1
\(</C) §=Zlnp (D

For

a compliant waveform, {is in the range 0,02 to 0,04.

D.5 Application of uncertainties in the damped oscillatory wave generator

compliance criterion

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

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


https://iecnorm.com/api/?name=31adaddc05b8b143740cffcc7e637022

IEC 61000-4-10:2016 RLV © IEC 2016 - 53 -

Annex E
(informative)

3D numerical simulations

E.1 General

In Annex E some other information is reported concerning the H-field distributions inside and

.2 Simulations

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

\nnex A (static results). Q},
NO
Q
SV
N

b simulations of Figures E.1 to E.10 are performed as follows: .

The coils are excited by an ideal current source (see the s jol "port") having
mathematical waveform as defined in the text of this standard a ormalized at 1 A.

Two extreme shape conductors of the coil are considered: @ctangular of size 10 cm

E.3; for the other figures optimized mesh cells areé for better accuracy.

H-field amplitude is indicated as Hx; wher @ ndicates that the considered H-f

position from the loop centre to the last far y position.

)

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

i ) Comments $

¥
m the simulations, the foIIowi@considerations arise:

The computed H-field wayeform has the same shape as that of the coil current source.
Very little difference can be noted when comparing computed H-field waveforms with
extreme conduct apes for the same coil size.

for square@oL rectangular coils, which practically do not depend on the shape of the

+3 @ or the areas shown in Annex A.

| shown and gquantified that the H-field increases rapidly when the probe used for

cm (reported in Annex E) and round wire of 1 mm radius @ults not reported for brevity).

Default mesh cells are used to speed up the compusg for the plots of Figures E.2 and

conductoQ~
It is &rmed also by transient simulations that the variation of the H-field is less than

the

1

feld

component is parallel to the x-axis while th bscript i corresponds to the H-field prgbe

WO

In the centre e coils, the induction coil factors are 0,90 m-! and 0,65 m-! respectively

Coil

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
field at the center of the loop. This should be taken into account when carrying out
proximity test method.

the
the
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NOTE The amplitude of the Hx-field inside the loop is negative due 6\he chosen probe directions.
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Figure E.1 — Current with period of and H-field in the center
ofthe Tmx1m stan induction coil
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Figure E.2 — Hx-field along the side of 1 m x 1 m standard induction coil in A/m
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 4-10: Testing and measurement techniques —
Damped oscillatory magnetic field immunity test

9)

Inté
fre

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization’ compri
bll national electrotechnical committees (IEC National Committees). The object of IECY\is to pron|
nternational co-operation on all questions concerning standardization in the electrical and electronic fields
his end and in addition to other activities, IEC publishes International Standards, Teéhnical Specificati
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter“referred to as
Publication(s)”). Their preparation is entrusted to technical committees; any IEC Natiopal Committee intere
n the subject dealt with may participate in this preparatory work. International, governmental and 1
povernmental organizations liaising with the IEC also participate in this prepafation. IEC collaborates clo
with the International Organization for Standardization (ISO) in accordance with conditions determined
pgreement between the two organizations.

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

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

n order to promote international uniformity, IEC National Committees undertake to apply IEC Publicat
ransparently to the maximum extent possible in, their national and regional publications. Any diverg¢
between any IEC Publication and the corresponding’national or regional publication shall be clearly indicate
he latter.

EC itself does not provide any attestation>of conformity. Independent certification bodies provide confor
pssessment services and, in some areas)access to IEC marks of conformity. IEC is not responsible for
Eervices carried out by independent cectification bodies.

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

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

Attention is drawn\to the Normative references cited in this publication. Use of the referenced publication|
ndispensable 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 subjed
batent rights. IEC shall not be held responsible for identifying any or all such patent rights.
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brpational Standard |IEC 61000-4-10 has been prepared by subcommittee 77B: H
juency phenomena, of IEC technical committee 77: Electromagnetic compatibility.

igh

It forms Part 4-10 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

1:2

000. This edition constitutes a technical revision.

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

edi

a)
b)

tion:

new Annex A on induction coil field distribution;

new Annex D on measurement uncertainty;
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c) new Annex E for numerical simulations;

d) calibration using current measurement has been addressed in this edition.

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

CDV Report on voting
77B/730/CDV 77B/7T46A/RVC

Full information on the voting for the approval of this standard can be found in the report on
votlng mdicated In tne above able.

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

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

ptic

Theé committee has decided that the contents of this publication will remain unchanged until
thel stability date indicated on the IEC website under "http://wehstere.iec.ch" in the dpata
related to the specific publication. At this date, the publication will,be

e [reconfirmed,

e |withdrawn,

e |[replaced by a revised edition, or

e |amended.

IMPORTANT - The 'colour inside' logo.on the cover page of this publication indicates
that it contains colours which -are considered to be useful for the corregt
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

Pa

Pa

Pa

Pa

Pa

Pa

Ea
or
as

number identifying the subdivision (example: IEC 61000-6-1).

Th

General considerations (introduction, fundamental principles)
Definitions, terminology

rt 2: Environment

Description of the environment
Classification of the environment
Compatibility levels

rt 3: Limits
Emission limits

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

't 4: Testing and measurement techniques

Measurement techniques
Testing techniques

[t 5: Installation and mitigation guidelines

Installation guidelines
Mitigation methods and devices

't 6: Generic standards
't 9: Miscellaneous

Ch part is further subdivided into several parts, published either as international standa
hs technical specifications or technical reports, some of which have already been publis
sections. Others/will be published with the part number followed by a dash and a secq

uct

ds
ed
nd

s part is-atinternational standard which gives immunity requirements and test procedures
related to'damped oscillatory magnetic field".
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ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 4-10: Testing and measurement techniques —
Damped oscillatory magnetic field immunity test

1 Scope and object

This part of IEC 61000 specifies the immunity requirements, test methods, and range| of
regommended test levels for equipment subjected to damped oscillatory <‘magnegtic
disturbances related to medium voltage and high voltage sub-stations.

The¢ test defined in this standard is applied to equipment which is intended~to'be installeq in
locptions where the phenomenon as specified in Clause 4 will be encountered.

This standard does not specify disturbances due to capacitive or inductive coupling in cables
or |other parts of the field installation. IEC 61000-4-18, which~ deals with conducted
disturbances, covers these aspects.

The object of this standard is to establish a common and reproducible basis for evaluating the
pefformance of electrical and electronic equipment for medium voltage and high voltage sub-
stations when subjected to damped oscillatory magnetic fields.

The test is mainly applicable to electronic equipment to be installed in H.V. sub-statigns.
Power plants, switchgear installations, smart.grid systems may also be applicable to this
standard and may be considered by productccommittees.

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

This standard defines:

— |a range of test levels;
— |test equipment;

— |test setups;

— |test procedures.

2 | Normative references

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

IEC 60050 (all parts), International Electrotechnical Vocabulary (IEV) (available at
www.electropedia.org)
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3 Terms, definitions and abbreviated terms

3.1 Terms and definitions

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

3.1.1
calibration

as

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

undler specitied conditions, between an Indication and a result of a measurement

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

Notg 2 to entry: The relationship between the indications and the results of measurement can bge“expressed,

principle, by a calibration diagram.

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

3.1.2

damped oscillatory wave generator
genmerator delivering a damped oscillation whose frequency can/be set to 100 kHz or 1 M
ang whose damping time constant is five periods

3.1.3

immunity

ability of a device, equipment or system to performfwithout degradation in the presence of
electromagnetic disturbance

[SQURCE: IEC 60050-161:1990, 161-01-20]

3.1.4
induction coil

Hz

an

conductor loop of defined shape~and dimensions, in which a current flows, generating a

malgnetic field of defined uniformity in a defined volume

3.1.5

induction coil factor

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

Notg 1 to entry:{_The field is that measured at the centre of the coil plane, without the EUT.

3.1.6
prgximity method

DNS

mefthod” of application of the magnetic field to the EUT, where a small induction coil is mo

ed

along the side of the EUT in order to detect particularly sensitive areas

3.1.7
reference ground

part of the Earth considered as conductive, the electrical potential of which is conventionally

taken as zero, being outside the zone of influence of any earthing (grounding) arrangement

[SOURCE: IEC 60050-195:1998, 195-01-01]
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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
tra

peftaining to or designating a phenomenon or a quantity which varies between
consecutive steady states during a time interval short compared to the time scale of interes
[SQURCE: IEC 60050-161:1990, 161-02-01]

3.1.10

verification

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

Not

Not
IEC]

3.2

AE

EM

EU

MU

PE
RG

4
Da
iso

the

Th

.9

hsient, adjective and noun

b 1 to entry: The methods used for verification may be different from those used for calibration.
b 2 to entry: For the purposes of this basic EMC standard this definition is different from the definition give]
60050-311:2001, 311-01-13.
Abbreviations
Auxiliary equipment
C Electromagnetic compatibiljty
T Equipment under test
Measurement uncertainty
Protective earth
P Reference ground plane
General
mped oscillatory._magnetic fields are generated by the switching of H.V. bus-bars

reliable opgration of equipment and systems.

e following tests are intended to demonstrate the immunity of equipment when subjec

\\e]

tor

by

ators or disconnectors. The magnetic fields to which equipment is subjected can influefnce

ted

of

he‘equipment (e.g. proximity of equipment to the disturbance source).

to Tamped oscillatory magnetic field related to the specific location and installation condi1ion

The wave shape of the test field corresponds to a damped oscillatory wave (see Figure 2).
The characteristics are given in 6.2.2.

Information on the oscillation frequency is given in Annex C.

5

Test levels

The preferred range of test levels is given in Table 1.
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Table 1 — Test levels

Level Damped oscillatory magnetic field strength

A/m (peak)

not applicable
not applicable
10
30
100

a »h WO N =

Th
ins

6.1

Th
tab

6.2

6.2

Th
the

NO
mer

Th
ind

X 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 puT.

a8 "X" can be any level, above, below or in between the others. This level, as

well the duration of the test, shall be specified in the dedicated equipment
specification.

e test levels shall be selected according to the installation .conditions. Classes
fallation are given in Annex B.

Test instrumentation

General

e test system comprises the damped oscillatory wayve generator and the induction coil fg
le-top test setup and, in addition, an RGP for a‘floor-standing test setup.

Damped oscillatory wave generator
1 General

b damped oscillatory wave generator shall be able to deliver the required impulse curren
induction coils specified in 6.3

[E For this application, a modified version of a damped oscillatory wave generator similar to the gener
tioned in IEC 61000-4-18 is‘used as a current source.

e waveform is spegcified as a short-circuit current and therefore shall be measured with
uction coil connected.

A gimplified eircuit diagram of the generator is given in Figure 1.

of

t to

ptor

the
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Cc
1
1 %2/ o | —0
S1
U —_ i I L ¢ To |ncdoL:|ct|on
C4 Co
‘ l 1 O
Ee
U: High voltage source R.: Charging resistor
C: Control duration L: Coil oscillation circuit
S, Frequency selector S, Duration selector
Cq,|Co: Capacitors oscillation circuit (switchable from 0,1 MHz to 1 MHz)
Figure 1 — Simplified schematic circuit of{he’test generator
for damped oscillatory magnetic field
6.2.2 Performance characteristics of the generator connected to the standard

induction coil

The¢ performance characteristics below are ‘applicable for the generator connected to

stajndard induction coils outlined in 6.3.

Ostillation period see Table 3

Cufrent in the coils (Pk4 value) see Table 2

Wwgveform of the damped oscillatery magnetic field see Figure 2

Detay rate D4, D, Pkg shall be > 50 % of the Pk, value and A
shall be < 50 % of the Pk, value

Repetition rate 1/Trep (see Figure 3) 40/s + 10 % for 100 kHz and 400/s £ 10 %
1 MHz

Test duration not less than 2 s

Phase shifting no requirement

Ostillation frequency is defined as the reciprocal of the period of the first and third z

the

for

D

ero

crossings after the initial peak. This period is shown as T in Figure 2.
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Key

T=[ us (1 MHz) or 10 ps (0,1 MHz)

Figure 2 — Waveform of short-circuit currentin-the standard coils

~
Trep
2| IEC

Figure 3 — Waveform.of short-circuit current showing the repetition time 7.,

The formula of the ideal\waveform of Figure 2, Ipgg(?), is as follows:

nh
( t J
i1 l1p
Ipos(t) = K;

sin( St
KH nh L (IB)
‘|+( ! ] e2n
1273

with

7[1;, [nhlz;ljnh
t 12
KH =e¢ 2h 1h

where the parameters for oscillation period 7= 1 us are:

K, =1;i;=0,963; t1, = 0,08 us; 1y, = 4,8 us; nh = 2,1; = 6,27 x 106 rad/s:
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and the parameters for the oscillation period T'= 10 ps are:

K;=1;i4=0,963; t,, = 0,8 us; t,, = 48 us; nh = 2,1; f = 0,627 x 108 rad/s;

1

6.3 Standard induction coil

For the two single-turn standard coils of 1 m x1 m and 1 m x 2,6 m, the field distribution is
known and shown in Annex A. Therefore, no field verification or field calibration is necessary;
the current measurement as shown in Figure 4 is sufficient.

Oscilloscope

—
) | EEEEEECIC
T =
| 0505-::@
el |
e d

| 8{‘:‘E@

S | 81

Attenuator

Current probe

Damped oscillatory
wave generator

X

IEC

Figure 4 — Example of a current measurement of standard induction coils

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

The characteristics of induction coils with respect to the magnetic field distribution are giyen
in Annex A.

6.4 Calibration ‘of the test system

The¢ essential_characteristics of the test system shall be calibrated by a current measuremgnt
(sele Figure-4).

The ouiput current shall be verified with the generator connected to the standard induction
coi| specified in 6.3. The connection shall be realized by twisted conductors or a coaxial caple
of up to 3 tengthand a suitable Cross-section.

The specifications given in Table 3 are not applicable for calibrations performed at test level 5
with the 1 m x 2,6 m standard induction coil connected. In this case, the calibration shall be
performed by only using the 1 m x 1 m standard induction coil.

The following specifications given in Table 2 and Table 3 shall be verified.
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Table 2 — Peak current specifications of the test system

Test Peak current 7 + 20 %
A
level
System using 1 mx 1 m System using 1 m x 2,6 m
standard induction coil standard induction coil
1 not applicable not applicable
2 not applicable not applicable
3 11,1 15,2
%4 3373 4575
5 111 see note 2
X special/0,9 special/0,66
NOTE 1 The values 0,9 and 0,66 are the calculated coil factors of standard
induction coils.
NOTE 2 The calculated value is 152; however, there is currently\no
commercial generator available.

Table 3 — Waveform specifications of the test'system

Calibration items Oscillation frequency
100 kHz 1 MHz
Ogcillation period T=10ps £ 1 ps T=1ps=*0,1ps
Rgpetition time of the pulses Trep =25ms+2,5ms Trep =2,5ms 0,25 ms
Dgcay rate of one pulse D1 =|I(PK5)+1(RK}) > 50 % D,y =|I(PK5)+1(PK4) > 50 %
Dy =|1(PK4)s 1(PK1) <50 % Dyp =[1(PK1g )+ 1(PK1) <50 %

The calibrations shall be performed at all levels which are used by laboratories.

The calibrations shall be carried out with a current probe and oscilloscope or other equivalent
mejasurement instrumentation with a 10 MHz minimum bandwidth.

7 | Test setup

71 Test equipment

The following equipment is part of the test setup:

— |egGipment under test (EUT);

auxiliary equipment (AE) when required;

cables (of specified type and length);

damped oscillatory wave generator;

standard induction coil;

RGP in case of testing floor standing equipment.

7.2 Verification of the test instrumentation

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

— the damped oscillatory wave generator;
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— the induction caoil;
— the interconnection cables of the test equipment.
To verify that the system is functioning correctly, the following signal should be checked:
— impulse present at the standard induction coil terminals.

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

NOFE—F 1ok tori dafi HY ] el £ ] i Ata th HH ' |
1= reStraooraror e S tat et a e artoftrorrerereRtevarae—aSStgRe oS erreato—proeceaure-

7.3 Test setup for table-top EUT

Table-top EUTs shall be placed on a non-conductive table. The 1 m x 1 m standard’inducfion
coil may be used for testing EUTs with dimensions up to 0,6 m x 0,6 m x 0,5-m)(L x W x [H).
The 1 m x 2,6 m standard induction coil may be used for testing EUTs with-dimensions up to
0,6mx0,6mx2m(LxWx H).

The induction coil shall be positioned in three orthogonal orientations:

WHen an EUT does not fit into the induction coil of 1 m x 2,6 W), the proximity method ($ee
7.4)) shall be applied.

It is not necessary to maximize the impact of cables during this test. The proximity of the
cables to the induction coil can impact the results so<the cables shall be routed to minimize
thig impact. The minimized cabling dimension shdll be incorporated into the determination of
thel maximum size of an EUT that can be tested:;

An|RGP is not required below the EUT (see“Figure 5 below). The induction coil shall be kept
at |east 0,5 m from any conducting surfaces, for example the walls and floor of a shielded
englosure.

|

Twisted T
cable length = EUT
maximum 3 m O MH

Damped oscillatory /l DlE J /] 72 /] 2
wave generator \ S / ~ // "’/

IEC
Figure 5 — Example of test setup for table-top equipment

7.4 Test setup for floor standing EUT

The standard induction coil for testing floor standing equipment (e.g. racks) has a rectangular
shape of 1 m x 2,6 m where one short side may be the RGP for large sized equipment (see
Figure 7). The 1 m x 1 m induction coil can be used for floor standing equipment with the
maximum dimensions of 0,6 m x 0,6 m.
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The RGP shall have a minimum thickness of 0,65 mm and a minimum size of 1 m x 1 m. The
EUT shall be insulated from the RGP.

EUT - Damped
- - oscillatory
iy ekl Aty SN wave generator
"' "'
. MLl 7
o o
¥ S S e Lt s

1,5m

1,0 m
m

0
v y © / ; A
L L1~
RGP

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

IEC

For floor standing equipment (e.g. cabinets) where the top<f ;the EUT is greater than 0,74 m
from the RGP, more than one position shall be tested. In @ny case, the induction coil shown in
Figure 6 shall not be placed below 0,5 m. Figure 7 shows an example for testing with a

vertical orthogonal plane.

Damped
EUE oscillatory
wave generator

N

g

L~ r

RGP

IEC

Figure 7 — Example of test setup for floor standing equipment
showing the vertical orthogonal plane

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

When an EUT does not fit into the rectangular coil of 1 m x 2,6 m, the proximity method (see
Figure 8 and 7.5 for more detailed information) shall be applied.

It is not necessary to maximize the impact of cables during this test. The proximity of the
cables to the induction coil can impact the results so the cables shall be routed to minimize
this impact. The minimized cabling dimension shall be incorporated into the determination of

the maximum size of the EUT that can be tested.
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Figure 8 — Example of test setup using the proximity method
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Test setup for damped oscillatory field applied in-situ

5itu testing is generally the only practical test method availablexfor large machinery
ilar equipment. During in-situ testing, an RGP is normally nétyavailable. Therefore
ximity method is the only practical test method without the RGP"in place. Figure 8 gives
mple for a test setup for in-situ testing. The 1 m x 1 m standard induction coil should
d when examining EUTs using the proximity method.Further, it is necessary that

and the EUT shall be (10 + 1) cm.

[E The distance has been defined to ensure the same_field strength as in the center of the standard indug

Test procedure

General
b test procedure includes:

the verification of the testiinstrumentation according to 7.2;
the establishment of the laboratory reference conditions;
the confirmation,of\the correct operation of the EUT;

the execution efithe test;

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

Laboratory reference conditions

1 Climatic conditions

or
the
an
be
the

dard induction coil is isolated from the EUT. The distance between the standard inductfion

tion

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

Tests shall not be performed if the relative humidity is so high as to cause condensation on

the

8.2

EUT or the test equipment.

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

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

inc
[ ]

Te

luding:

test level,

test duration (not less than 2 s);

oscillation frequencies;

representative operating conditions of the EUT;

orientations of the field;

number of test points;

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

selection and justification of test points (recommended are areas.of EUT susceptible
damped oscillatory magnetic fields).

Figure 3.

NO

Th

9

Th

[E Product committees can apply longer test durations, if appropriate for their products.

b test duration shall be applied only one time for €ach orientation.

Evaluation of test results

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

pefformance of the equipment undep;test, relative to a performance level defined by

mal

nufacturer or the requestor of -the test, or agreed between the manufacturer and

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

a)
b)

c)

d)

Th
ins

normal performance within-limits specified by the manufacturer, requestor or purchaser
temporary loss of function or degradation of performance which ceases after

performance, without operator intervention;

temporary loss-of function or degradation of performance, the correction of which requi
operator jintervention;

to

5ting and calibration shall be performed based on the waveform specified in Figure 2 and

of
its
the

the

disturbance ceases, and from which the equipment under test recovers its normal

res

loss of (function or degradation of performance which is not recoverable, owing to damage

to hardware or software, or loss of data.

b ‘'manufacturer’s specification may define effects on the EUT which may be conside

red

gnificant, and therefore acceptable.

This classification may be used as a guide in formulating performance criteria, by committees
responsible for generic, product and product-family standards, or as a framework for the
agreement on performance criteria between the manufacturer and the purchaser, for example

wh

ere 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.
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10 Test report

The test report shall contain all the information necessary to reproduce the test. In particular,
the following shall be recorded:

the items specified in the test plan required by 8.3;

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 iest was performed, for example,
shielded enclosure;

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

any effects on the EUT observed during or after the application of thetest disturbanice,
and the duration for which these effects persist;

the rationale for the pass/fail decision (based on the performange_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<er 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 coibrelative to EUT.
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Annex A
(informative)

Information on the field distribution of standard induction coils

A.1 General

Annex A gives information on the maximum size of an EUT and its location in the standard
induction coils. The field is considered sufficiently uniform if the magnitude of the magn

tic

field strength is within +3 dB of the field strength in the centre of the induction coil.

Fo
w

A.2 Determination of the coil factor

A.2.1 General

Th
cal

centre of the induction coil.

A.2.2 Coil factor calculation

Th
sin

wh
val
to

the
im4g
the
=3

culate the current in the induction coil to obtain the requiréd magnetic field strength in

H(P) 1| dalc+cla 4b/c+clb

RV : Vb2 + (/2P

kcr(P) =

bre H(P) is the magnetic field at point P and I is the induction coil current. Equation (A.1
d, when the largest dimension of the cross-section of the coil conductor is small compa

the field computations the finite cross-section of the loop conductors are negtected (thin
re approximation).

e induction coil factor should be determined by calculatiof- The coil factor is used| to

the

p coil factor can be calculated from the geometrical dimensions of the induction coil. Fqr a
gle-turn, rectangular induction coil having sides a + b and ¢ (see Figure A.1), the coil fagtor
kcH is given by

is
red

he shortest side of.the induction coil. For a square induction coil with side ¢ and if P ig at
thel centre of the coil,)then a = b = ¢/2. If P is at the centre of a rectangular coil, then a = 3. If

RGP is the bottom side of the coil, then equation (A.1) is still valid, taking into account
ge of the aectual (physical) coil. In this case, if P is at the centre of the physical coil, t
kcg of the(coil formed by the physical coil plus its image is given by equation (A.1) wi
X a.

the
en
b
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cl2 cl2
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Figure A.1 — Rectangular induction coil with(sides a + b and ¢

A.3 1 m x 1 m standard induction coil

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

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

y/‘ / \x-y plane

Y 4

il

+3 dB )

x-z plane

IEC

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

Figure A.2 — +3 dB isoline for the magnetic field strength (magnitude)
in the x-y plane for the 1 m x 1 m induction coil
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Maximum EUT size
(width x height = 0,6 m x 0,5 m)

_ /. _

A L

L4 \_/ _
< P

: \ 7 \\ i\x-z plane
| | ! | \ ! | \ | +3 dB

-3 dB

IEC

Figure A.3 — +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

A.4 1 m x 2,6 mstandard induction coil with referénce ground plane

The +3dB and -3 dB isolines for the magnetic {ield strength (magnitude) are shqwn
in Figure A.4 for the x-z plane and in Figure A.5 fof the x-y plane. The maximum EUT sizg is
width x length x height = 0,6 m x 0,6 m x 2 m.

For the calculation of the + 3 dB isolines the,size of the reference ground plane is considefed
as jnfinite.

+3 dB

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

/\ e \x-y plane

0dB

[ x_z plane

A

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

IEC

Figure A.4 — +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
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Maximum EUT size

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

A.D
The
in
Wi

o)

th x length x height = 0,6 m x 0,6 mX'2 m.

>
al ,, '-..w’.“‘
ffy—g%

0dB +3 dB

A7

IEC

Ny

Figure A.5 — +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 coilwith reference ground plane

1 m x 2,6 m standard induction coil\without reference ground plane

+3 dB and -3 dB isolines for the mragnetic field strength (magnitude) are shqwn
igure A.6 for the x-y plane and in Figure A.7 for the x-z plane. The maximum EUT siz¢ is

+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 outside the loop.
Figure A.6 — +3 dB isoline for the magnetic field strength (magnitude) in the x-y plane

for the 1 m x 2,6 m induction coil without reference ground plane
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Maximum EUT size
(width x height = 0,6 m x 0,6 m)

-3 dB

Lo

:\x-z plane

0dB

/7

IEC

Figure A.7 — +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 B
(informative)

Selection of the test levels

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

Repommendations—for testtevets—are giverr i Ctause 5.1 e _actuatsetectiom of testtevels

should take into account

— |the electromagnetic environment;

— |the potential proximity of damped oscillatory magnetic field disturbances_sources to fhe
equipment concerned,;

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

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

An|appropriate test level for equipment depends on the electfomagnetic environment in which
eqr{ipment is intended to be used. Based on common {nstallation practices which pre

regresentative for the electromagnetic environment concerned, a guide for the selection of

tesf levels for damped oscillatory magnetic fields testing may be the following:

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

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

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

Clgss 2: Electromagnetic environment representative for residential areas

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

Clgss 3: Electromagnetic environment representative for office/commercial areas

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

Class 4: Electromagnetic environment representative for industrial areas

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

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

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

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

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

above types of electromagnetic environments but due to the features of the egquipmient
concerned or other circumstances a different test level than that associated to that typq of
electromagnetic environment might be more appropriate. Corresponding assessment shojuld
be |done by the parties involved (e.g. product committees).



https://iecnorm.com/api/?name=31adaddc05b8b143740cffcc7e637022

- 28 - IEC 61000-4-10:2016 © IEC 2016

Annex C
(informative)

Damped oscillatory magnetic field frequency

The phenomenon is typical of the switching of isolators in H.V. sub-stations, and particularly

in H.V. bus-bars.

The opening and closing operation of H.V. isolators gives rise to sharp front-wave transients,

wit .
capacitance of the structures of H.V. equipment as they propagate.

The voltage front-wave has an evolution that includes reflections due to the misnratching

trapsient voltage and current in H.V. bus-bars are characterized by a fundamental oscilla
frequency that depends on the length of the circuit and on the propagation time.

thel characteristic impedance of the H.V. circuits involved. In this respect,Cthe resulﬂing

all

of

ion

dirgctly related to the peak voltage on the bus-bars and their characteristic impedance;
voltage is about twice the phase peak value of the H.V. system;_and the current (determi
alsp by the characteristic impedance of such circuits) is about2 kA peak.

The transient current peak value that generates the magnetic fields défined in this standarI is

he
ed

The frequency of oscillation is determined by the length of.the H.V. and by the self-inductafce

of H.V. circuits (1 pH/m), the series capacity of the circuit-breaker in the off-state (500 ¢
thel concentrated capacity of capacitive voltagéy transformers (some nF), of curr
trapsformers (300 pF) and of H.V. supports (20 pF.each).

The oscillation frequency ranges from about 100 kHz to a few MHz depending on
influence of the parameter mentioned and“the length of the bus-bars, which may vary fi
tenls of meters to hundreds of meters (400 m may occur).

In this respect the oscillation frequency of 1 MHz may be considered representative of m
sityations, but 100 kHz has been“considered appropriate for big H.V. sub-stations.

The repetition frequency lis)variable and, provided the other conditions are the same, i

F),
ent

the

ost

5 a

funlction of the distance between the switching contacts: that is, with closed contacts, ther¢ is

thel maximum repetition” frequency, while for distances between the contacts at the limif
extinction of the arc,-the minimum repetition frequency in respect of each phase is twice
poyer frequency (+00/s for 50 Hz and 120/s for 60 Hz H.V. systems), but at these frequeng
thel maximum-magnetic field strength occurs.

The repstition rates selected for the 0,1 MHz and 1 MHz test fields represent therefor

of
the
ies

b a
the

compromise, taking into account the different durations of the phenomena,

repgresentativity of the different frequencies and the problems related to the power of the fest

generator.
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Annex D
(informative)

Measurement uncertainty (MU) considerations

D.1 General

The compllance of the reallzed disturbance quantity with the dlsturbance quantlty specified by

he measurand itself. The evaluation of MU is done here according to the principles &
methods described in IEC TR 61000-1-6.

to

ut)

fue

hot
as

In ¢prder to evaluate MU it is necessary to:

a) |identify the sources of uncertainty, related both to the measuring.instrumentation and
the measurand,

b) |identify the functional relationship (measurement model) bétween the influence (ing
guantities and the measured (output) quantity,

c) |obtain an estimate and standard uncertainty of the input\quantities,

d) |obtain an estimate of the interval containing, with "a high level of confidence, the t
value of the measurand.

Further details are given in IEC TR 61000-1-6.

These estimates and uncertainties, derived for a particular disturbance quantity, do

degcribe the degree of agreement between the simulated electromagnetic phenomenon,

defined in the basic standard, and the’real electromagnetic phenomenon in the world outslide

the| laboratory.

Since the effect of the parameters of the disturbance quantity on the EUT is a priori unkng

an
nu
the
Th

.2 Legend

in most cases the EUT shows a nonlinear behaviour, a single estimate and uncertai
bers cannot be defined”for the disturbance quantity. Therefore each of the parameters

s yields to more than one uncertainty budget.

Peak of the damped oscillatory current impulse injected into the coil
Peak of the magnetic field impulse

wn
nty
of

disturbance quantity. will be accompanied by the corresponding estimate and uncertainty.

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

NOTE The meaning and the relations among the symbols u(x,), c,, u,(»), u,(»), U(y) and y are explained in IEC TR

610

00-1-6.

D.3 Uncertainty contributors to the peak current and to the damped

oscillatory magnetic field measurement uncertainty

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

reading of peak value
bandwidth of the measuring system
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shape of the impulse response of the measuring system
oscilloscope horizontal axis measurement error

oscilloscope vertical axis measurement error

measurement system, measurand and setup repeatability (type A)

calibration of oscilloscope and measuring system

coil factor of the induction coil

callbratlon

A1 General

rent generated by the test generator and injected into the coil terminals~and the damp

05(
bu

get for each measured parameter of the disturbance quantity is required. The paramet

16

he case of the magnetic field test, the disturbance quantities are the damped oscillatpry

ed

illatory magnetic field applied to the EUT. As discussed in Clause D1, an uncertainty

rs

of fhese disturbance quantities are /p for the impulse current and Hp-for the impulse magnetic

fiel

th current flowing into its terminals, the constant of proportionality being the coil factor 4

It is assumed that the magnetic field generated by the induCtion coil is proportiona

to

Therefore the impulse magnetic field has the same waveshapg as the impulse current and he

peak of the magnetic field is obtained as Hp = kg x Ip.

Ad
da
alt
hef

Th

Jitional parameters characterize the disturbance;,i.e. the frequency of oscillation §
ping. However the evaluation of the measufement uncertainty of these paramete
ough required, is less demanding than that of impulse peak. Therefore attention is focu$
e on measurement uncertainty of the peak ofithe impulse.

b approach adopted here to evaluatecthe impulse MU is described in D.4.4 and D.4.5.

he

he

Table D.1 gives an example of the uncertainty budget for the peak current impulse. The taple
includes the input quantities that are.considered most significant for this example, the details
(nymerical values, type of probability density function, etc.) of each contributor to MU and
regults of the calculations requiréd-for determining the uncertainty budget.

D.4.2 Peak current

The¢ measurand is the.peak of the damped oscillatory current impulse calculated by using [t
functional relationship

_ VPR 1+ R+ 6V

1 (O

B
where
Ver 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 (63,8 + 7,1) kHz at the oscillation frequency f, =

0,1 MHz and (638 = 71) kHz at the oscillation frequency f; = 1 MHz
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The damped oscillatory current impulse oscillation frequency f; = 1 MHz is assumed for the

foll

owing example of uncertainty budget.

Table D.1 — Example of uncertainty budget for the peak of

nof

Ry
of

oR
Th

of & sample of n repeated measurements q; and given by

wh

available or not active, then the rectangujar probability density function is used.

D,001 Q@ and an error bound of 5 %\(fectangular probability density function) are assume

quantifies the non-repeatability of the measurement setup, layout and instrumentati
s is a type A evaluation-based on the formula of the experimental standard deviation s

estimate of 0 % and an error bound of 3 % (1 standard deviation) are assumed.

Bre E is the arithmetic mean of the q; values. JR is expressed in relative terms, and

s(q;c)=\/n1_1é(qj—§)2 (.

the damped oscillatory current impulse (/)
Symbol | Estimate | Unit | ET™°" | unit PDF?2 Divisor | u(x) ¢ Unit | u(y) | Unit
bound i i i
VPR 0,115 | V 0,0002 | V triangular 2,45 | 0,000 09 1004 | 1/Q |0,092| A
RT U,0U1 (9] U,000 U5 [9) rectangular I, 7o 0,000 U5 11 5470 AIL2 3,99 A
SR 0ol 1 0,03 | 1 ”&T}?' 1,00 0,030 1155 | A 3,46 || A
oV 0 1 0,02 1 rectangular 1,73 0,011 6 115,5 A 1,33
B 638 | kHz 71 | kHz | rectangular | 1,73 40,99 | 0,001 48 | A/kHz | 0,061 || A
B 10 000 | kHz 1000 | kHz | rectangular | 1,73 577.4 '0*088 A/kHz | 0,054 || A
u (v) = \/Zui(y)z 4,99 A
UQy) = 2lny) 9,98 || A
Y 15 || A
EXpressed in % of 115 A 8,6 %
2  PRrobability density function
Vpr: is the voltage peak reading at the output of-ascurrent probe or across a current shynt.
The¢ error bound is obtained assuming that the _scope has an 8-bit vertical resolution with
intgrpolation capability (triangular probability density function). If the interpolation capability is

is the transfer impedance (or sensitivity) of the current shunt or probe. An estimated value

.

on.
qk)

an

oV: quantifies the amplitude measurement inaccuracy of the scope at d.c. §V is expressed in
relative terms. A 2 % error bound of a rectangular probability density function and an estimate
of 0 % are assumed.

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.4.5). The
interval (638 £ 71) kHz is representative of a wide class of systems, each having a different
shape of the impulse response.

B:

the bandwidth B of the measuring system can be experimentally obtained (dir

ect

measurement of the bandwidth) or calculated from the bandwidth B, of each element of the
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measurement system (essentially a current probe or shunt, a cable and a scope) by using the

following equation:
2 2
l:\/(l] +[Lj .. (D.3)
B By By

An estimate of 10 MHz and a 1 MHz error bound of a rectangular probability density function
are assumed for B.

NOTE The uncertainty of the peak of the magnetic field impulse is obtained from the functional relationship-4p
kcH x Ip where kg is the coil factor as measured through the calibration procedure described in this standard {i.e.
at power frequency). Therefore, if the measured kg is 0,90 (e.g. in the case of a square induction loop whose gide
is 1lm) and its expanded uncertainty is 5 % then the best estimate of Hp is 104 A/m and its expandéed uncertginty
is 919 % (see Table D.1)

D.4.3  Further MU contributions to amplitude and time measurements

The following contributions may also have an impact on the MU budget:

DC offset: The d.c. offset of the scope contributes to the woltage peak measuremgent
ungertainty, if the peak is measured from the nominal d.c. ‘Zero line of the scope. Tlhis
contribution can be ignored, if the readout software of the scope measures the peak from the
pulse base line.

Time base error and jitter: The oscilloscope specifications may be taken as error boundg of
regtangular 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 uncertaintylis related to the half width of the resolution and is
(44/2)/(dAldt). If trace interpolation is performed (see the oscilloscope manual) a triangylar
prdbability density function is used, ©otherwise a rectangular probability density functior] is
used. This contribution may not be.negligible when |d4/dt| < (44/T;), where T, is the sampling
interval of the scope.

D.4.4 Rise time of the step response and bandwidth of the frequency response of the
measuring system

Lef T\ be the rise time of the step response of the measuring system as defined by equation
(DH)

Ts = (27 [ (=T, ) ho e)ee (0.4)
0

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

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

Ty :Itho(t)dt (D.5)
0

Equation (D.4) 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 time definition is usually adopted. Given the —3 dB bandwidth of the system
the two definitions lead to comparable rise times. Indeed, if we define

a="Tys B (D.6)

we find that the « values derived from the two definitions of rise-time do not differ very much.
The values of «, corresponding to different shapes of the impulse response 4(¢), are given in
Table D.2. It is evident from Table D.2 that it is not possible to identify a unique value of «
since a depends both on the adopted definition of the rise time (e.g. based on thresholds or
on|equation (D.4)) and on the shape of the impulse response of the measuring system| A
regsonable estimate of o can be obtained as the arithmetic mean between the minimum
(321 x 1073) and maximum (399 x 1073) values that appear in Table D.2, that is 36Qx 1Q~3.
Further, it can be assumed that, if no information is available about the measuring system
apart from its bandwidth, any value of a between 321 x 10723 and 399 x 105° is equally
prgbable. Differently stated, « is assumed to be a random variable having”a rectangylar
prdbability density function with lower and upper bounds 321 x 1073."and 399 x 1(~3,
regpectively. The standard uncertainty of a quantifies both: a) thexindifference to the
mafhematical model adopted for the definition of the rise-time, and ) the indifference to the
shape of the impulse response of the system.

Table D.2 — o factor (see equation (D.6)) of different unidinectional impulse response¢s
corresponding to the same bandwidth-ofthe system B

Il order
Values of & are multiplied by 10° | Gaussian | | order. Rectangular | Triangulpr
(crit. damp.)
|, using equation (D.4) 332 399 363 321 326
al, 10 % to 90 % 339 350 344 354 353

D.4.5 Impulse peak distortion dué’to the limited bandwidth of the measuring system

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

Vout(t): Vin(T)'h(t_T)dT (Q.7)

O —_~

=2

where Vin(t) is the input impulse waveform and A(t) is the impulse response of the measuijing
sygtem«~Note that 4-A4(¢) = hg(¢), where 4 is the d.c. attenuation of the measuring system. The
inputwaveform can be approximated by its Taylor series expansion about the time instanr o

Wh hntha it raar~h~e te nAaAle vyaliin T
cTtrcTTputr TcathCoTto pPCaork—varat—r 9

Vin(t) =V, + Vig‘z(tp) -1 P + I/i;'l],étp) -t )P + . (D.8)

Note that the first order term is missing from equation D.8 since V'(tp)z 0. Further i (tp)< 0,

because the concavity points downwards (maximum), and V,n( )>0, because, for the standard

¢
p
waveforms of interest here, the rise time is lower than the fall time. Substituting equation D.8
into equation D.7 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


https://iecnorm.com/api/?name=31adaddc05b8b143740cffcc7e637022

- 34 - IEC 61000-4-10:2016 © IEC 2016

Vo =%{1—[§ﬂ (D.

9)

(D.10)

Noie that the parameter g depends on the second derivative of the standard input wavefgrm
and on the parameter a defined and derived in D.4.4. A simple mathematical expression|for
thel standard damped oscillatory waveform, useful for uncertainty calculation, is given by
R
Vin(t)=Vye “ I sin(wgt) (D.fi1)
where f; = wg/(2n) is the oscillation frequency and ¢ is the damping. The value of g can|be
analytically derived from equations (D.10) and (D.11) as
b>>anr fy (D.J12)

The value of B, as obtained from equation (D.12),\s reported in Table D.3.

NOTE 1 Equation (D.12) is an japproximation because the exponential decay about the instant tztp
negjected.
NOTE 2 The values of\g/obtained by using equation (D.12) and reported in Table D.3 do not appreciably d

fron

NO
min

Table D.3 - g factor (equation (D(12)) of the damped oscillatory waveform

kHz fy = 0,1(MHz fo=1MHz

o) 638 + 7,1 638 + 71

the ones obtained_through computation from the mathematical waveform defined in this standard.

[E 3 Damping.*¢ can be obtained by measuring the ratio p > 1 between the amplitude of one maximum
mum) of the, oscillation and the next one. It is given by equation (D.11).

ffer

(or

13)

For

1
{=——Inp (D

a compliant waveform, {is in the range 0,02 to 0,04.

D.5 Application of uncertainties in the damped oscillatory wave generator

compliance criterion

Generally, in order to be confident that the current and the magnetic field oscillatory
transients are within their specifications, the calibration results should be within the specified

lim

its of this standard (tolerances are not reduced by MU).

Further guidance is given in IEC TR 61000-1-6:2012, Clause 6.
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Annex E
(informative)

3D numerical simulations

E.1 General

In Annex E some other information is reported concerning the H-field distributions inside and

ults) and frequency domain (2D-numerical plot of the H-field) as extension of the 2D p
Annex A (static results).

.2 Simulations

b simulations of Figures E.1 to E.10 are performed as follows:

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

Two extreme shape conductors of the coil are considered: ‘rectangular of size 10 cm

cm (reported in Annex E) and round wire of 1 mm radius (fesults not reported for brevity).

the

1

Default mesh cells are used to speed up the computation for the plots of Figures E.2 and

E.3; for the other figures optimized mesh cells are used for better accuracy.

H-field amplitude is indicated as Hx; where<x)indicates that the considered H-field
component is parallel to the x-axis while the subscript i corresponds to the H-field probe

position from the loop centre to the last far away position.

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

.3 Comments

m the simulations, the following’considerations arise:

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

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

WO

In the centre af the coils, the induction coil factors are 0,90 m-! and 0,65 m-! respectiely

for square anhd rectangular coils, which practically do not depend on the shape of the
conductor,

Coil

It is confirmed also by transient simulations that the variation of the H-field is less than

+3, dBfor the areas shown in Annex A.

ItJs 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
field at the center of the loop. This should be taken into account when carrying out
proximity test method.

the
the
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NOTE The amplitude of the Hx-field inside the loop is negative due to,the chosen probe directions.

Figure E.1 — Current with period of ¥us and H-field in the center
of the 1 m x 1 m standatd induction coil
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Figure E.2 — Hx-field along the side of 1 m x 1 m standard induction coil in A/m
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Figure E.3
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Figure E.4 — Hx—field along the side in dB for 1 m x 1 m standard induction coil

— Hx—field in direction x perpendicular to the plane

of the 1 m x 1 m standard induction coil
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igure E.5 — Hx—field along the diagonal in dB for the 1 m.x'1 m standard induction cpil
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Component X 596
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Frequency : 1000 000
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Figure E.6 — Hx—field plot on y-z plane for the 1 m x 1 m standard induction coil
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Figure E.7 — Hx-field plot on x-y plane for the 1 m x 1 m standard induction coil
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Figure E.8 — Hx—field along the vertical middle line in dB for

the 1 m x 2,6 m standard induction coil
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igure E.9 — Hx—field 2D-plot on y-z plane for the 1 m x 2 GQDI standard induction co

H-field (f= 1,0e + 006; z = 0,5) _1 (peak)
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%O Figure E.10 — Hx—field 2D-plot on x-y plane at z = 0,5 m for
C) the 1 m x 2,6 m standard induction coil
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

COMPATIBILITE ELECTROMAGNETIQUE (CEM) -

Partie 4-10: Techniques d'essai et de mesure —
Essai d'immunité du champ magnétique oscillatoire amorti

AVANT-PROPOS

composée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'l[EG)."L’IEC a {
bbjet de favoriser la coopération internationale pour toutes les questions de normalisation‘'dans les doma
He I'électricité et de I'électronique. A cet effet, I'lEC — entre autres activités —{ publie des Nor
nternationales, des Spécifications techniques, des Rapports techniques, des Spécifications accessibleg
public (PAS) et des Guides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élabgration est confiée a
comités d'études, aux travaux desquels tout Comité national intéressé par le sujet’traité peut participer.
brganisations internationales, gouvernementales et non gouvernementales, en liaison avec I'l[EC, partici
Pgalement aux travaux. L'IEC collabore étroitement avec I'Organisation Internationale de Normalisation (I
selon des conditions fixées par accord entre les deux organisations.

|_es décisions ou accords officiels de I'lEC concernant les questions techniques représentent, dans la mes
Hu possible, un accord international sur les sujets étudiés, étant donné que les Comités nationaux de |
ntéressés sont représentés dans chaque comité d’études.

comme telles par les Comités nationaux de I'lEC. Tous les~&fforts raisonnables sont entrepris afin que |
5'assure de I'exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue responsablg
‘éventuelle mauvaise utilisation ou interprétation qui en, est faite par un quelconque utilisateur final.

PDans le but d'encourager 'uniformité internationale¢ les Comités nationaux de I'lEC s'engagent, dans tout
mesure possible, a appliquer de fagon transparente, les Publications de I'lEC dans leurs publications nation
régionales correspondantes doivent étre indiquees en termes clairs dans ces derniéres.

| 'IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépend
fournissent des services d'évaluation de\conformité et, dans certains secteurs, accedent aux marques
ndépendants.

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

Aucune responsabilité ne (doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires
mandataires, y compris_ses experts particuliers et les membres de ses comités d'études et des Com
hationaux de I'lEC, pour‘out préjudice causé en cas de dommages corporels et matériels, ou de tout a
Hommage de quelqué mature que ce soit, directe ou indirecte, ou pour supporter les colts (y compris les f
He justice) et les dépenses découlant de la publication ou de I'utilisation de cette Publication de I'lEC ol
oute 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 publicat
Féférencées\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'|EC peuvent f
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He brevets et de ne pas avoir signalé leur existence.

‘objet_de droits de brevet. L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels dr|oits

La Norme internationale IEC 61000-4-10 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 4-10 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 A relative a la distribution du champ de bobine d'induction;
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nouvelle Annexe D relative a l'incertitude de mesure;
nouvelle Annexe E pour les simulations numériques;

I'étalonnage par la mesure du courant a été abordé dans la présente édition.

texte de cette norme est issu des documents suivants:

CDhV Rapport de vote
77B/730/CDV 77B/746A/RVC

uti a 'approbation de cette norme.
te publication a été rédigée selon les Directives ISO/IEC, Partie 2.

b liste de toutes les parties de la série IEC 61000, publiées sous™le titre géne

ant

ral

Conpatibilité électromagnétique (CEM), peut étre consultée sur le site web de I'lEC.
Le|comité a décidé que le contenu de cette publication ne sera pasymodifié avant la date|de
stapilité indiquée sur le site web de I'lEC sous "http://webstoretiec.ch" dans les donnges
relatives a la publication recherchée. A cette date, la publication sera

e [reconduite,

e |[supprimée,

remplacée par une édition révisée, ou

amendée.

PORTANT - Le logo "colour inside" qui se trouve sur la page de couverture

cétte publication indique qu'elle ‘contient des couleurs qui sont considérées com
ufiles a une bonne compréhension de son contenu. Les utilisateurs devraient, p
conséquent, imprimer cette publication en utilisant une imprimante couleur.

ar
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INTRODUCTION

L'IEC 61000 est publiée en plusieurs parties, conformément a la structure suivante:

Partie 1: Généralités

Pa

Considérations générales (introduction, principes fondamentaux)
Définitions, terminologie

rtie 2: Environnement

Pa

Pa

Pa

Pa

Pa

Ch

internationales, soit comme spécifications techniques ou rapports techniques, dont certai

onf
sui

La
d'in
am

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

rtie 3: Limites

Limites d'émission

comités de produits)
'tie 4: Techniques d'essai et de mesure

Techniques de mesure
Techniques d'essai

rtie 5: Guide d'installation et d'atténuation

Guide d'installation
Méthodes et dispositifs d'atténuation

‘tie 6: Normes génériques
rtie 9: Divers

hque partie est a son toeur subdivisée en plusieurs parties, publiées soit comme nor

déja été publiées en tant que sections. D'autres sont publiées avec le numéro de la pa
vi d'un tiret et d'un second chiffre identifiant la subdivision (exemple: IEC 61000-6-1).

présentelpartie constitue une norme internationale qui traite des exigences en mati
nmunité\et des procédures d'essai qui s'appliquent au "champ magnétique oscillatg
orti'(

Limites d'immunité (dans la mesure ou elles ne relévent pas.de la responsabilité ges

es
es
Ftie

Bre
ire
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COMPATIBILITE ELECTROMAGNETIQUE (CEM) -

Partie 4-10: Techniques d'essai et de mesure —
Essai d'immunité du champ magnétique oscillatoire amorti

1 Domaine d'application et objet

La|présente partie de I'lEC 61000 spécifie les exigences en matiere d'immunité, les méthofes
d'epsai et la plage des niveaux d'essai recommandés des équipements soumis @ux
pefturbations magnétiques oscillatoires amorties dans les postes moyenne et hauté‘tension).

L'epsai défini dans la présente norme s'applique aux équipements destinés-a étre installég a
deg emplacements ou les phénomeénes spécifiés a I'Article 4 sont rencontrés.

La|présente norme ne spécifie pas les perturbations provoquées par-le couplage capacitiffou
inductif sur les cables ou autres parties de l'installation. L'IEC 61000-4-18, qui porte sur |les
pefturbations conduites, couvre ces aspects.

La|présente norme a pour objet d'établir une base commune“et reproductible pour évaluef la
peffformance des équipements électriques et électronigues des postes moyenne et haute
tenlsion lorsqu'ils sont soumis a des champs magnétiques oscillatoires amortis.

L'epsai s'applique principalement aux équipements électroniques destinés a étre installés
dans des postes haute tension. Les centrales. electriques, les installations d'appareillagq et
les|réseaux intelligents peuvent également étre concernés par la présente norme et peuvent
étre pris en compte par les comités de preduits.

NOTE Comme indiqué dans le Guide 107 d&-I'lEC, il s'agit d'une publication fondamentale en CEM destinde a
étrg utilisée par les comités de produits de "EC. Comme I'indique également le Guide 107, les comités de produits
de [IEC ont la responsabilité de déterminer si cette norme d'essai d'immunité est appliquée ou non, et si elle lfest,
ils pnt la responsabilité de détermingr les niveaux d'essai et criteres de performances appropriés. Le copité
d'études 77 et ses sous-comités sofb)préts a coopérer avec les comités de produits dans le cadre de I'évaluaftion
de lp valeur des essais d'immunité,particuliers pour leurs produits.

La[présente norme définit:

— |une plage de niveaux d'essai;
— |I'équipementid'essai;

— |les mantages d'essai;

— |les procédures d'essai.

2 "Reéferences 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).

IEC 60050 (toutes les parties), Vocabulaire Electrotechnique International (VEI) (disponible a
I'adresse www.electropedia.org)
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3 Termes, définitions et termes abrégés

3.1 Termes et définitions

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

3.1.1

étalonnage
ensemble des opérations établissant, en référence a des étalons, la relation qui existe, dans
les[conditions spécifiees, entre une indicafion et un résulfat de mesure

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

Notge 2 a l'article: La relation entre les indications et les résultats de mesure peut étre donnée, en principe, dans
un diagramme d'étalonnage.

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

3.1.2

générateur d'ondes oscillatoires amorties
gémérateur délivrant une oscillation amortie dont la fréquence peut étre définie a 100 kHz|ou
de [1 MHz et dont la constante de temps d'amortissement est de, cinq périodes

3.1.3
immunité

apfitude d'un dispositif, d'un appareil ou d'un systéme a fonctionner sans dégradation|en
pré@sence d'une perturbation électromagnétique

[SQURCE: IEC 60050-161:1990, 161-01-20]

.4

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

3.1.5

fadteur de bobine d'induction
rapgport entre I'excitation magnétique provoquée par une bobine d'induction de dimensipns
domnées et la valeur-du courant correspondant

Notge 1 a I'articl€;~Le champ est mesuré au centre du plan de la bobine, sans tenir compte de I'EUT.

3.1.6

méthode’ de proximité
méfhode d'application du champ magnétique a I'EUT, dans laquelle une bobine de faible
induction est deplacée le long du coété de I'EUT de maniere a deéetecter des zones
particulierement sensibles

3.1.7

terre de référence

partie de la Terre considérée comme conductrice, dont le potentiel électrique est pris, par
convention, égal a zéro, étant hors de la zone d'influence de toute installation de mise a la
terre

[SOURCE: IEC 60050-195:1998, 195-01-01]
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3.1.8

systéme

ensemble d'éléments reliés entre eux associés pour atteindre un objectif déterminé en
réalisant une fonction spécifiée

Note 1 a l'article: Le systéme est considéré comme étant séparé de l'environnement et des autres systémes
extérieurs par une surface imaginaire qui coupe les liaisons entre eux et le systéme étudié. Par ces liaisons, le
systéme subit les actions de I'environnement ou de systémes extérieurs, ou bien agit lui-méme sur I'environnement
ou les systémes extérieurs.

;- adjectifetom
se |dit d'un phénomeéne ou d'une grandeur qui varie entre deux régimes établis consécutifs
dams un intervalle de temps relativement court a I'échelle des temps considérée

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

3.1[.10

vérification
engemble des opérations utilisées pour vérifier le systéme d!€ssai (par exemple,| le
érateur d'essai et ses cables d'interconnexion) et pour démontrer’ que le systéme d'egsai
fonlctionne

Notg 1 a l'article: Les méthodes utilisées pour la vérification peuvent_étre différentes de celles utilisées pour
I'étglonnage.

Notg 2 a l'article: Pour les besoins de la présente norme fondamentale en CEM, cette définition est différentg de
cellp donnée dans I'lEC 60050-311:2001, 311-01-13.

3.2 Abréviations

AE Auxiliary equipment (équipemeént auxiliaire)

CEM Compatibilité électromagnétique

EUIT Equipment under test (€quipement en essai)

MU Measurement uncertainty (incertitude de mesure)

PE Protective earth (terre de protection)

RGP Reference ground plane (plan de masse de référence)

4 | Généralités

Les champs magnétiques oscillatoires amortis sont générés par la commutation de barres
hayite tensioma-l'aide d'isolateurs ou de sectionneurs. Les champs magnétiques auxquels |est
soumis I'équipement peuvent influencer le bon fonctionnement de celui-ci et des systémes.

Les €ssais suivants ont pour objet de démontrer I'immunité de I'équipement lorsqu'il |est
soumis au champ magnétique oscillatoire amorti qui s'applique a I'emplacement spécifiqué et
aux conditions d'installation de I'équipement (I'équipement situé a proximité de la source de
perturbation, par exemple).

La forme d'onde du champ d'essai correspond a une onde oscillatoire amortie (voir
la Figure 2). Les caractéristiques sont données en 6.2.2.

Des informations relatives a la fréquence d'oscillation sont données a I'Annexe C.

5 Niveaux d'essais

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

Niveau Intensité du champ magnétique oscillatoire amorti

A/m (créte)

non applicable
non applicable
10
30
100

a »h WO N =

Leg
cla

6

6.1
Le

po

6.2

6.2

Le
chq

NO
gén

La

doift étre mesurée ‘avec une bobine d'induction connectée.

Un

5ses d'installation sont données a I'Annexe B.

po:ljr le montage d'essai du matériel de table et’\de plus, d'un plan de masse de référe

X= special

NOTE L'excitation 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. Ce niveau, ainsi que la durée de I'essai, doit étre spécifié dans la
spécification correspondante de I'équipement.

niveaux d'essai doivent étre sélectionnés en fonction des conditions d'installation.

Instrumentation d'essai

Généralités

systéme d'essai est composé du générateur d'ondes combinées et de la bobine d'inductlton

r le montage d'essai du matériel posé au sol,

Générateur d'ondes oscillatoires.amorties
1 Généralités

générateur d'ondes oscillatoires amorties doit étre en mesure de délivrer le courant
c exigé aux bobines d'induction spécifiées en 6.3.

[E Pour cette application, 'une version modifiée d'un générateur d'ondes oscillatoires amorties similairg
Erateur mentionné dans{!IEC 61000-4-18 est utilisée comme source de courant.

forme d'onde est_spécifiée comme étant un courant de court-circuit. Par conséquent, ¢

schéma de circuit simplifié du générateur est donné a la Figure 1.

LS

ce

de

au

lle
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1 :g/ ° —o0
2
S1
— i I L ¢ Vers la bobine
v S d'induction
C1 Co
l 1 O
IEC
U: Source haute tension R.: Résistance de charge
C: Durée de commande L: Bobine du circuit oscillant

Sélecteur de fréquence S, Sélecteur de durée

Cq,|C2: Condensateurs du circuit oscillant (commutable de 0,1 MHz a 1 MHz)

Figure 1 — Schéma simplifié du générateur(d’'essai produisant
le champ magnétique oscillatoire’amorti

6.2.2 Caractéristiques de performances du générateur connecté a la bobine
d'induction normalisée
Leg caractéristiques de performances ci-dessQus s'appliquent au générateur connecté a ges

bobines d'induction normalisées présenté en6.3.

Période d'oscillation
Colprant dans les bobines (valeur Pkj)
Forme d'onde du champ magnétique oscillatoire amorti

Le [taux de décroissance D 4D,

Frdquence de répétition 1/7,., (voir la Figure 3)

€p

Dutée de l'essai

Déralage-de phase

voir le Tableau 3
voir le Tableau 2
voir la Figure 2

Pkg doit étre > 50 % de la valpur
Pk, et Pkqy doit étre <50 %|de
la valeur Pk

40/s +10 % pour 100 kHz| et
400/s = 10 % pour 1 MHz

au moins 2 s

pas d'exigence

La[fréquence d'oscillation est définie comme étant la réciproque de la période des premief et

troisieme passages du zéro aprés la créte initiale. Cette période est appelée T a la Figure 2.
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Pk1q
Pk3

/\/\/\/\/\/\A,
0 \/\/MVVV

Ipols (1)

Pko

IEC
Légende
T=0 us (1 MHz) ou 10 pus (0,1 MHz)

Figure 2 — Forme d'onde du courant de court-circuit.dans les bobines normalisées

~
Trep
2| IEC

Figure 3 — Forme d'onde du courant de court-circuit présentant
le temps de répétition Trep

Lalformule de la forme'd'onde idéale de la Figure 2, Ingg(?), est la suivante:

nh
( t ]
i1 1
Ipos(t) = K;

KH b
1. (L\nh 2 120

ey

sin()

avec
a
_H_h(,,hlz_hJ"h
15 2
KH =e¢ 2h 1h
ou les paramétres de la période d'oscillation 7= 1 us sont:

K;=1;iy=0,963; ty, = 0,08 us; t5, = 4,8 us; nh = 2,1; = 6,27 x 106 rad/s:
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et les paramétres de la période d'oscillation 7 = 10 pus sont:

K;=1;i4=0,963; t,, = 0,8 us; t,, = 48 us; nh = 2,1; f = 0,627 x 106 rad/s;

1

6.3 Bobine d'induction normalisée

Pour les deux bobines normalisées a une seule spire de 1Tmx1m et de 1Tmx26m, la
distribution du champ est connue et présentée a I'Annexe A. Par conséquent, aucune
vérification du champ ni aucun étalonnage ne sont nécessaires, la mesure du courant
présentée a la Figure 4 étant suffisante.
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Figure 4 — Exemple de mesure du'courant des bobines d'induction normalisées

Cette bobine doit étre en cuivre,(én aluminium ou en matériau conducteur non magnétique.
Sa|section et sa conception dgivent permettre de lui donner une position stable pendant [les
esgais.

Le$ caractéristiques,des bobines d'induction en fonction de la distribution du champ
majgnétique sont données a I'Annexe A.

6.4 Etalonnage du systéme d'essai

Leg caractéristiques essentielles du systéme d'essai doivent étre étalonnées par une mespre
du [courant (voir la Figure 4).

Le Tourantde sortie doit étre veérifie avec fe géneérateur connecte a ta bobine d'nduction
normalisée spécifiée en 6.3. La connexion doit étre réalisée par des conducteurs torsadés ou
par un cable coaxial de 3 m de long au maximum et présentant une section adaptée.

Les spécifications données au Tableau 3 ne sont pas applicables pour les étalonnages
réalisés au niveau d'essai 5 avec la bobine d'induction normalisée de 1 m x 2,6 m connectée.
Dans ce cas, I'étalonnage doit étre réalisé en utilisant uniquement la bobine d'induction
normalisée de 1 m x 1 m.

Les spécifications suivantes données au Tableau 2 et au Tableau 3 doivent étre vérifiées.
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Tableau 2 - Spécifications de courant de créte du systéme d'essai

Niveau Courant de créte I + 20 %
d'essai A
Systéme utilisant une Systéme utilisant une
bobine d'induction bobine d'induction
normaliséede 1 mx1m normalisée de 1 m x 2,6 m
1 non applicable non applicable
2 non applicable non applicable
3 11,1 15,2
4 33,3 45,5
5 111 voir note 2
X spécial/0,9 spécial/0,66
NOTE 1 Les valeurs 0,9 et 0,66 sont les facteurs de bobine calculés des
bobines d'induction normalisées.
NOTE 2 La valeur calculée est de 152. Toutefois, aucun générateur’n'est
actuellement disponible dans le commerce.

Tableau 3 - Spécifications de forme d'onde du systéme d'essai

Eléments d'étalonnage Fréquence.d'oscillation
100 kHz 1 MHz
P4riode d'oscillation T=10pus £ 1ps T=1ps=0,1ps
.Temps.de répétition des Trep =25ms+£2,5ms Trep =2,5ms 0,25 ms
impulsions
Emgg:écfoissance d'une D, =|I(PK5)+HPK,) > 50 % D,y =|I(PK5)+1(PK4) > 50 %
D,p =|1(PRqp )+ 1(PK1) <50 % Dyp =[1(PK1g )+ 1(PK1) < 50 %

Les étalonnages doivent étre réalisés a tous les niveaux qui sont utilisés par les laboratoirgs.

Leg étalonnages doivent ‘éfre effectués avec une sonde de courant et un oscilloscope|ou
aufre instrumentation de mesure équivalente d'une largeur de bande minimale de 10 MHz.

7 | Montage d!essai

7.1 Equipement d'essai

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

equipement en essal (EUT);

équipement auxiliaire (AE), si exigé;

cables (de type et de longueur spécifiés);

générateur d'ondes oscillatoires amorties;

bobine d'induction normalisée;

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

7.2 Vérification de I'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 oscillatoires amorties;
— la bobine d'induction;

— les cables d'interconnexion de I'équipement d'essai.
Pour vérifier que le systeme fonctionne correctement, il convient de vérifier le signal suivant:
— impulsion présente aux bornes de la bobine d'induction normalisées.

Il est suffisant de vérifier que l'impulsion est présente a tous les niveaux en utilisant un
équipement de mesure adapté (une sonde de courant, un oscilloscope, par exemple).

NOTE Les laboratoires d'essai peuvent définir une valeur de référence de contrdle interne attribuée a“cptte
pro¢édure de vérification.

7.3 Montage d'essai pour EUT de table

Les EUT de table doivent étre placés sur une table non conductrice. La bebine d'induction
norlmalisée de 1 mx1m peut étre utilisée pour soumettre a essai les EUT dont |les
dimensions atteignent 0,6 m x 0,6 m x 0,5 m (L x | x H). La bobine d'induction normalisée|de
1 m x 2,6 m peut étre utilisée pour soumettre a essai les EUT dont fes’dimensions atteignent
0,6m x 0,6 mx 2m (L x| x H).

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

Lofsqu’'un EUT ne s'intégre pas dans la bobine d'induction de 1 m x 2,6 m, la méthode|de
praximité (voir 7.4) doit étre appliquée.

L'impact des cables ne doit pas étre optimisé pendant cet essai. La proximité des cables ayec
la pobine d'induction peut avoir un impact “sur les résultats, par conséquent, les cables
doivent cheminer de maniére a réduire le plus possible cet impact. La dimension de cablage
limjtée doit étre incorporée dans la détermination de la taille maximale de I'EUT qui peut &tre
soymis a essai.

Un|plan de masse de référencexp’est pas exigé sous I'EUT (voir la Figure 5 ci-dessous).|La
boIine d'induction doit étre placée a au moins 0,5 m des surfaces conductrices (les paroig et
le plancher d'une enceinte blindée, par exemple).
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Figure 5 — Exemple de montage d'essai pour équipement de table
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