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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 4-12: Testing and measurement techniques —
Ring wave immunity test

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization compri
pll national electrotechnical committees (IEC National Committees). The object of IEC\is to pron|
nternational co-operation on all questions concerning standardization in the electrical and gelectronic fields
his end and in addition to other activities, IEC publishes International Standards, Te€hnical 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
governmental organizations liaising with the IEC also participate in this prepafation. IEC collaborates clo
ith the International Organization for Standardization (ISO) in accordance Wwith 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 fronj
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
Mmisinterpretation by any end user.

n order to promote international uniformity, IEC National Committees undertake to apply IEC Publicat
ransparently to the maximum extent possible ip, their national and regional publications. Any diverg¢g
between any IEC Publication and the corresponding national or regional publication shall be clearly indicat¢
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
services carried out by independent cectification bodies.

Al 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 commniittees 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<ofinthe publication, use of, or reliance upon, this IEC Publication or any other
Publications.

ndispensableforithe correct application of this publication.

Attention js’drawn to the possibility that some of the elements of this IEC Publication may be the subjeq
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.
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Attention is drawn.to the Normative references cited in this publication. Use of the referenced publications is

t of

s\redline version of the official IEC Standard allows the user to identify the changes

made to the previous edition. A vertical bar appears in the margin wherever a change
has been made. Additions are in green text, deletions are in strikethrough red text.
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International Standard |IEC 61000-4-12 has been prepared by subcommittee 77B: High
frequency phenomena, of IEC technical Committee 77: Electromagnetic compatibility.

It forms Part 4-12 of IEC 61000. It has the status of a basic EMC publication in accordance
with IEC Guide 107.

This third edition cancels and replaces the second edition published in 2006. This edition
constitutes a technical revision. This edition includes the following significant technical
changes with respect to the previous edition:

a) |addition of a mathematical modelling of ring wave waveform;
b) |new Annex B on selection of generators and test levels;

c) [new Annex C on explanatory notes;

d) [new Annex D on measurement uncertainty;

e) |addition of high speed CDN;

f) |addition of a calibration procedure for CDN.

The text of this International Standard is based on the following documents:

CbhV Report on veting
77B/764/CDV 77BIT74IRVC

Full information on the voting for the approval of thisdnternational Standard can be found in
thel report on voting indicated in the above table.

Thils 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 Electromagnétic
compatibility (EMC), can be found on the IEC website.

The committee has decided thatithe contents of this publication will remain unchanged until
thel stability date indicated ontthe IEC web site 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 arevised edition, or

e |amended.

IMPORTANT - The ‘colour inside’' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.
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INTRODUCTION
IEC 61000 is published in separate parts according to the following structure:
Part 1: General
General considerations (introduction, fundamental principles)

Definitions, terminology

Part 2: Environment
Degcription of the environment

C

gssification of the environment
Compatibility levels

Part 3: Limits

Emission limits

Immunity limits (in so far as they do not fall under the responsibility of the product
committees)

Part 4: Testing and measurement techniques
Mejasurement techniques

Tesgting techniques

Part 5: Installation and mitigation guidelines
Installation guidelines

M

tjgation methods and devices
Part 6: Generic standards

Part 9:-Miscellaneous

Eactrpartisfurther subdivided Mo severat parts, pubtishedeither as mternatiomat standards
or as technical specifications or technical reports, some of which have already been published
as sections. Others will be published with the part number followed by a dash and a second
number identifying the subdivision (example: IEC 61000-6-1).

This part is an International Standard which gives immunity requirements and test procedures
related to ring waves. It should be noted that edition 1 of IEC 61000-4-12, published in 1995,
covered immunity tests against two phenomena, ring waves and damped oscillatory waves.
This situation was changed in edition 2, published in 2006, where IEC 61000-4-12 covered
the ring wave phenomena only and the damped oscillatory wave phenomenon was moved into
a new standard IEC 61000-4-18.


https://iecnorm.com/api/?name=c9be3710b9d3440040167a86000a757b

IEC 61000-4-12:2017 RLV © IEC 2017 -9-

ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 4-12: Testing and measurement techniques —
Ring wave immunity test

1 Scope-and-object

This part of IEC 61000 relates to the immunity requirements and test methods for electrical

and electronic equipment, under operational conditions, to-nen-repetitive-damped-aseillatpry
trahsients{ ring waves} occurring in low-voltage power, control and signal lines Supplied|by
public and non-public networks.

The¢ object of this document is to establsh—the—%qu#y—#eqe#eme&ts—aﬂd a comnpon
ref=rence for evaluating-in-a-aboratory-the-pe

nédnged a) Q agen omme na na
q O cH; c 1o c

intendedfor—powe ations—and-—substations,—as—applicable the |mmun|ty of electrical gnd
eletronic equipment when subjected to ring waves. The test mgthod documented in this gart
of [EC 61000 describes a consistent method to assess the-immunity of an equipment| or
syqtem against a defined phenomenon.

NOTE As described in IEC Guide 107, this is a basic EMC publicatioh for use by product committees of the I[EC.
As plso stated in Guide 107, the IEC product committees are_responsible for determining whether this immynity
test| standard-sheuld-be is applied or not, and if applied, they~are responsible for determining the appropriate ftest
levgls and performance criteria. TC 77 and its sub-committees_ are prepared to co-operate with product commit{ees
in thhe evaluation of the value of particular immunity test and test levels for their products.

This document defines:

— [test voltage and current waveforms;
— |arange of test levels;

— |test equipment;

— |test setups;

— |test procedures.
2 | Normative references

The followinghdocuments are referred to in the text in such a way that some or all of their
content constitutes requirements of this document. For dated references, only the editlion
cited applies. For undated references, the latest edition of the referenced document (includjng
any amendments) applies.

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

3 Terms, definitions and abbreviated terms

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60050-464 (all
parts) as well as the following apply.
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ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

IEC Electropedia: available at http://www.electropedia.org/

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

3.1,

cal
set

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

Not

Not
prin

[Sq

3.1

ibration
of operations which establishes, by reference to standards, the relationship which ex

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

co
int

3.1

CN
ele

3.1

ciple, by a calibration diagram.
PURCE: IEC 60050-311:2001, 311-01-09]
.2
pling
raction between circuits, transferring energyfrom one circuit to another
.3
coupling network
ctrical circuit for the purpose of-transferring energy from one circuit to another
.4
pling/decoupling netiork

co

CDN
combination of a coupting network and a decoupling network

3.1.5
de¢oupling network

DN

eleptricakeircuit for the purpose of preventing test voltages applied to the equipment un
test (EUT) from affecting other devices, equipment, or systems which are not under test

e 2 to entry: The relationship between the indications and the results_of‘measurement can be expressed,

sts

Her

3.1

.6

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

[SOURCE: IEC 60050-161:1990, 161-01-20]
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3.1

7

port
particular interface of-the-EUT an equipment, which couples this equipment with the external
electromagnetic environment (IEC 60050-161:1990, 161-01-01) and through which the
equipment is influenced by the environment

[SOURCE: IEC 60050-161:1990, 161-01-27]

3.1

.8

ring wave

damnped oscillation, whose damping time constant is of the order of one period

[SQ

3.1
ris
T

r

DURCE: IEC 60050-161:1990, 161-02-30]

.9
e time

intgrval of time between the instants at which the instantaneous valuetof an impulse fjrst

rea

[SC
inc

3.1
tra

peftaining to or designating a phenomenon of\a quantity which varies between {

cor
[Sq

3.1
vel
set

and-the its interconnecting cables)-and to demonstrate that the test system is function

Wit

Not

NO

ches 10 % value and then the 90 % value

DURCE: IEC 60050-161:1990, 161-02-05, modified — the centent of the note has bd
uded in the definition and “pulse” has been changed to “impulse”]

.10

hsient (adj and noun)

secutive steady states during a time interval.short compared with the time-scale of inter
PURCE: IEC 60050-161:1990, 161-02-01]

.11
ification
of operations which is used,t0)check the test equipment system (e.g. the test geners

hin-the specifications given-in Clause 6

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

en

WO
pst

tor
ing

3
Ot
h

ration-of-the test gener
HotHthetest-generpt

Notg 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 _Abbreviated terms

AE Auxiliary equipment

CD Coupling device

CDN Coupling/decoupling network
CLD Clamping device

CN Coupling network

DN Decoupling network

EMC Electromagnetic compatibility
EUT Equipment under test

GDT Gas discharge tube

MU Measurement uncertainty
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PDF Probability density function
PE Protective earth

RGP Reference ground plane
RWG Ring wave generator

SPD Surge protective device

4 General

4 \—Descriptionof the phenomenon

The ring wave (described in Figure 1) is—a—typical an oscillatory transient, induced)in’ Ipw-

volfage cables due to the switching of electrical networks and reactive loads faults

nd

insulation breakdown of power supply circuits or lightning. It is, in fact, the maest diffused

phenomenon occurring in power supply (high voltage, medium voltage, low voltage) netwo
as well as in control and signal lines.

Thé ring wave is representative of a wide range of electromagnetic environments
re#jdential, as well as industrial installations. It is suitable for checking the immunity
eqdiipment in respect of the above-mentioned phenomena, whieh give rise to impul

characterized by sharp front-waves that, in the absence of filtering actions, are in the orde
10 |ns to a fraction of us. The duration of these impulses may rahge from 10 us to 100 ps.

ks,

of
of
Ees
of

The rise time and duration of the-parameters impulse are-subject-to-medification,—depending

dependent on the propagation characteristics of the mé€dia and the path.

The propagation of the wave in the lines (powériand signal) is always subject to reflectio

du¢ to the mismatching impedance (the linés” are terminated—en—their—own with loads

connected to protection devices, input line filters, etc.). These reflections produce oscillatio

whpse frequency is related to the propagation speed. The presence of parasitic paramet

(e.g. stray capacitance of components:‘like motors, transformer windings, etc.) are—ef
ojditioning additional influencing factors.

The riseinge can be increased by the low-pass characteristics of the line. This effect is m
rel¢vant for fast rise times (in the order of 10 ns), and less relevant for slow rise times (in

or
ns,
ers
her

bre
the

ordexof 1 us).

Another cause of the ring wave is lightning, which itself is characterized by a unidirectio
waveform (standard 1,2/50 ps impulse). Circuits subjected to the indirect effects of lightn

nal
ing

(inductive coupling among lines) are influenced by the derivative of the primary impulse and
the coupling mechanisms involved, which—gives—rise—to can cause oscillations. The
characteristics of the resulting ring wave depend on the reactive parameters of the ground
circuits, metal structures involved in the lightning current flow, and the propagation in the low-

voltage transmission lines.

The phenomenon, which is created by the above mentioned effects at the equipment ports

, is

an oscillatory transient or a ring wave. Oscillatory transients are covered in IEC 61000-4-18. A
ring wave with a defined 0,5 us rise time and 100 kHz oscillation frequency has been

determined to be typical and is widely used for testing products.
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The formula of the ideal waveform of Figure 1, w(¢), is as follows:

with

T 1 2
to=—-——=721pus and f=— and T=10 us
272 InR H F== H

where the parameters for oscillation period 7= 10 us are:

A=1,K=181,n=1,83; =0,507 us

NOTE R is the ratio between Pk, and Pk,, Pky and Pk,. The value of R ensures that the ratios Pk,/Pk, , Pk,/Pk,|are
in thhe range specified by this document. The value of R cannot be too smallotherwise the ratio Pk,/Pk, exceeds|the
spefified tolerance. R = 2 has been selected. The parameters » and ¢, aréadjusted to obtain 7, = 0,5 ps.

S A
oo Pl (Upy, OF Ipy,)
90 % — T
>
Pk3
10 %
e —
»
t
T Pky
> <
=110 % to 40%
Pko
IEC
Key
T, |Rise’time

1
T  Oscillation period

NOTE Only Pk, is specified for the current waveform.

Figure 1 — Waveform of the ring wave
(open-circuit voltage and short-circuit current)

Other IEC standards, such as IEC 61000-4-5, refer to the 1,2/50 us standard lightning
impulse, which may be considered to be complementary to the ring wave described in this |
document.

It is the responsibility of the product committees to define the most appropriate test, according
to the phenomenon considered as relevant.
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4.2 Relevant parameters
4.2.1 Repetition rate

The repetition rate of the transient is directly related to the frequency of occurrence of the
primary phenomenon (lightning and switching). It is higher whenever the primary cause is the
load switching in control lines, and less frequent in the case of faults and lightning. The

occurrence may typically range from-4/s-to-tHmeonth-or1/year once per second down to once
per year.

Equipment failures related to the ring wave on power supply sources can depend on the
phase angle of the AC mains at which the transient is applied. When a protection element
operates during a ring wave test,—pewer-fellow—might follow current mayoccur depending|on
thel phase angle at which the transient occurs.-Pewer-fellow Follow eurrent is the current from
thel connected power source that flows through a protective element; or from any arc in the
EU|T both during and following the transient.

For semiconductors, the phenomenon may be related to the{eonduction state of the devicqg at
the| time the ring wave occurs. Semiconductor parametersithat-might may be involved, incldde
foryvard and reverse recovery characteristics and secaendary breakdown performance.

Deyices most likely to fail in a phase-related way“are semiconductors involved in the poyer
input circuitry. Other devices in different areas.of the EUT-might can also exhibit such failure
mogdes.

5 | Test levels

eqyiipment, are given in Table"1. The test level is defined as the voltage of the first pg¢ak

Th{ preferred test levels for the ring wave applicable to power, signal and control ports of the
(maximum or minimum) inthe*test waveform (Pk4 in Figure 1).

ifferent test levels m

ay apply to power, signal and control ports.-The-level{s)}used-forsignal
CEF A , - ave h A y i—S*

Table 1 — Test levels-forring-wave

Open-circuit test voltage
Level kV
Tine-to-line Cineto-ground>
1 0,25 0,5
2 0,5 1
3 1
4 2 4
xa x Special x Special

a8 "X" can be any level, above, below or in between the others. This level-can-be-given-in-the product-standard

shall be specified by product committees and/or equipment specification.

b For symmetrical interconnection lines the test can be applied to multiple lines simultaneously with respect to

ground, i.e. “lines to ground”.
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The test levels shall be selected according to the installation conditions; classes @f.installafion
arg given in Annex C. Annex A gives information on test levels.

The
level (see 8.3).

Fol selection of the test levels for the different interfaces, refer to /Anhex B.

6 | Test-equipment instrumentation

6.1 Test Ring wave generator
6.1.1 Ring wave generator circuit

The¢ generator output shall have the capability to operate under short-circuit conditio
A Hlock diagram of a representative ring wave generator is shown in Figure 2.

test shall be applied at all test levels in Table 1 up to and including ‘the specified fest

R2

—— 1o

Rq
| — |
e

S
&
|

—e

Key

U: high-voltage source R, 30 Q resistor

Cy: energy storage capacitor R,: 12 Q resistor

Cy: fiter-capacitor e oscittating—ciretitcott

Ry charging resistor Sy high-voltage switch

R filter resistor S. output impedance selector

Figure 2 — Example of schematic circuit of the ring wave generator

6.1.2 Impedance values

Two values of impedance (see R3 and R, in Figure 2) have been selected as follows:

e 12 O when testing AC/DC power ports and shielded interconnection lines

N

e 30 Q when testing unshielded interconnection lines
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6.1.3 Performance characteristics of the-test ring wave generator

A generator with a floating output shall be used.

The—test generator is a single-shot ring wave generator with the following characteristics,
mejasured-as-it-is-to-be-applied-to-the-EUTport at the output of the generator. 4Lappl+edw+a%
ool nllnn/rlnr\nllnlln nnhnlr\r’l{ H’\o r\har’ar\i‘nrlchr\c are +n ha as ennr\lflorl 91‘ +hn ouf oy 1t nf at
sogelinoldoconal mobieslethoeharoeiosintios e oo s
network-

NO
afte

voltage rise time (T, in Figure 1):

0,5 us = 30 % (open-circuit condition);

current rise time (T4 in Figure 1): <1 0,2 pus to 1,0 ps (short-circuit

condition);
voltage oscillation frequency;Nete—4 100 kHz £ 10 %;
(1/T in Figure 1):
[E 1 Oscillation frequency is defined as the reciprocal of the period between the first and third zero cross
r the initial peak.
decaying (Voltage only; seg Figure 1) 0,4 < Ratio of Pk, to Pk < 1,1
0,4 < Ratio of Pks to Pk, < 0,8
0,4 < Ratio of Pk, to Pk3 < 0,8

No requirements for-otherpeaks

Pkg onwards.
. . tion: 50 . . :
repetitign\rate 1/min or faster

outputiimpedance,Note-2: + 9
see Table 2;

ngs

le)

NOTE 2 The output impedance is calculated—as from the open-circuit voltage U, divided by the short circuit
current /.
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open-circuit voltage Upy4 (see Figure 1) adjustable from 0,25 kV to the required

test level
— short-circuit current Ip, 4 (see Figure 1) see Table 2
— phase shifting in a range between 0° to 360° relative to the

phase angle of the AC line voltage to the EUT
with a tolerance of £10°

— polarity of Pk, (see Figure 1) positive and negative
Table 2 — Relationship between peak open-circuit voltage
and peak short-circuit current Q
5N
Open-circuit peak voltage £ 10 % | Short-circuit peak current + 10 % | Short-circuit peak cqu—i 10|%
at generator output at 12 Q generator output at 30 Q generat?\(kutput

0,25 kV 20,8 A 838

O 74
0,5 kV 41,7 A k%? A
1,0 kV 83,3 A ne 333A

s

2,0 kV 166,7 A (\\JQ 66,7 A
4,0 kV 333,3 A ,\Q 133,3 A

6.1.4 Calibration of the ring wave generator

The test generator characteristics shall be calibrated in order to establish that they meet the
requirements of this document. For this purpose the following procedure shall be undertaken.



https://iecnorm.com/api/?name=c9be3710b9d3440040167a86000a757b

-18 - IEC 61000-4-12:2017 RLV © IEC 2017

The generator output shall be connected to a measurement system with a sufficient bandwidth
(minimum 20 MHz), voltage and current capability to monitor the characteristics of the
waveform.

The characteristics of the generator shall be measured both under open-circuit (load greater
than or equal to 10 kQ) and short-circuit conditions at the same set voltage.

All performance characteristics stated in 6.1.3, with the exception of phase shifting and
repetition rate, shall be met at the output of the generator. Phase shifting performance shall
be met at the output of the CDN at 0°, 90°, 180° and 270° at one polarity.
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O Ty SOnSISt O SINGIo URS IR Order 1o Give the possibity o testing iR+
X\
6.2.1 General (-19
Eagh coupling/decoupling network (CDN) consists of a coupling networ d a decoupling
nefwork as shown in the examples of Figure 4 through Figure 10. b‘
Ql

NO

Thq
imy

On
the
imy
co\
or
the
AC|
shq

Fo
avd
wh
col
me

Th

b

L

coupling network shall be provided with a coupling ca@@or suitable for the selec
edance of the test generator, i.e. 23 uF.

&

QOWdes relatively high impedancq
s current to flow to the EUT. T

the AC or DC power lines, the decoupling netwo
ring wave transient but at the same time

[E The coupling capacitors can be part of the CDN or part of the generator on@ rete external components.

ted

to
his

edance allows

the voltage waveform

t

S

developed at

the output

of

pling/decoupling network and prevents th

wave current from flowing back into the

full waveform durations to be coupled
or DC power supply shall be d
rt-circuit current waveform meet t

DC power supply. High voltage capacitors

?&%

so that the open-circuit voltage waveform and

e
&sed as the coupling element, sized to al
e EUT. The coupling/decoupling network for

quirements of Table 3.

e3|§
N

I/0 and communication lineg{the series impedance of the decoupling network limits
ilable bandwidth for data‘transmission. Coupling elements can be capacitors, in ca
bre the line tolerates t *&é
pling to interconnecti lines, the waveforms may be distorted by the coupl

chanisms which a@e’scrlbed in 6.2.3.

b coupling/dec@&ng network for the unshielded interconnection lines shall be designed

th

requiremen

Ea
me

the opensCircuit voltage waveform and short-circuit current waveform meet
Table 5 and Table 7.

the
AC
ow
the

the
beS

pacitive loading effects, clamping devices or arrestors. When

ng

o)
the

h o@ﬁling/decoupling network shall satisfy the requirements of 6.2.2 or 6.2.3 and s
e calibration requirements in 6.3. Their use is made according to the flowchar

{5

Figme—3-
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AC/DC power port? Yes )\
Tine-to-ground
coupling?
line-to-line
one phase or DC: Figure 4 one phase or DC: Figure 5
three phases: Figure 6 three phases: Figure 7
No
shielded cable?
one end

shield connected?

both ends

Yes

symmetrical lines?

Figure 11

Figure)8

Figure 9 or Figure 10

6.2.2 Coupling/decoupling retworks for AC/DC power port rated up to 63 A per line

The¢ peak amplitude Pky~and rise time shall be verified for voltage under open-cir
conditions and for current’under short-circuit conditions, at the EUT port as well as
osgillation period in _dddition to the voltage under open-circuit conditions. The wavefq
pallameters measurgdrat the EUT port of the CDN are dependent upon the generator sou
and as such are (only valid for the particular generator/CDN combination tested. The C
shall be connected to a measuring system with a sufficient bandwidth, voltage and curr

capability to @@anitor the characteristics of the waveforms.

NOTE TFhessurge and ring wave originate from the same disturbance sources. The ring wave is the outcome of]
invglved ‘eable layout and the surge protective device (SPD) between the disturbance source and the power ou
For|currents larger than 63 A the cable layout forms usually a part of the EUT and therefore the EUT is teste

Figure 3 — Selection of coupling/decoupling method

IEC

Cuit
the

fce
DN
ent

the
let.

d in

accordaance witn TeC ©1TUUU-4-9.

The decoupling inductance shall be selected by the CDN manufacturer so that the voltage
drop across the CDN shall not exceed 10 % of the CDN input voltage at the specified current

rating, but should not exceed 1,5 mH.

To prevent unwanted voltage drops in the CDN, the value of the decoupling element shall be
reduced for CDNs rated at > 16 A. As a consequence, the peak current can vary within the

tolerances given in Table 3 below.
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Table 3 — Ring wave specification at the EUT power port

of the CDN

Ring wave parameter under short-circuit condition

Peak current

Peak current I, ,

Current rating < 16 A +10
_10 %

16 A < current rating £ 32 A +10
~-10 %

e IR e -0
~25 %

NOTE The current rating is the CDN rating.

All|performance characteristics stated in 6.1.3, with the exception of the repetition rate, shall

be Imet at the output of the CDN. Phase shifting performance shall be met af 0©, 90°, 180° 4

270° at one polarity.

The

IAC/DC power port N —)l

Ring wave generator

Decoupling network

)\

L

C >3 uF

PE -T

Figure@\~ Example of coupling network and decoupling network

Coupling network

for{ capacitive coupling on AC/DC lines: line-to-line coupling

above mentioned characteristics are applicable for single-phase systems (line, neut
prdtective earth) and three-phase systems (three-phase wires, neutral and protective earth].

EUT port

nd

ral,
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Ring wave generator

— 3 )\
—]— C>3puF
Decoupling network
[+) o
L —oTo—'""—(. oS )
AC/DC power port N _OLTM 7, y EUT port
PE —e¢ T
-I Coupling netwerk
— IEC

Figure 5 — Example of coupling network and decoupling network
for capacitive coupling on AC/DC lines: line-to-ground coupling

Ring’wave generator

)|
— C>3 puF
Sz
1 4
1 »}; 3
Decoupling network g2 f
3
o
Sy od
L1 > Y'Y '
L2 —o LN YN\ Qe
AC power port T =T EUT port
L3 —& LN YN\ G-
N & Y >
PE

I Coupling network
= IEC

Swilches S,.and S, are used to select individual lines for test.

Dur|ng testing, the position of switch S, is different from the position of switch S .

| -} Fad | - [l £ Li ey 1 el [ H ey ]
L] IUUIU \*J I_A(JIIIPIG \"4 \;UUPIIIIH IMMCLWUVI N daiTu uUUUuPIIIIa TTCLWUI N
for capacitive coupling on AC lines (three phases):
line L3-to-line L2 coupling
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Ring wave generator

Swi

6.2

6.2

Th
cird

Co

befween the interconnection\lines and the ring wave generator, but allow efficient transfe

thel

An

and insulation functions may be used.

Co

— 4
— C2>3uF
S,
AT
Decoupling network
L1 =0 VY'Y
L2 —0 1 1T 'S0 a e
AC power port L3 —o 1 __’WV\—G < EUT port
N 1 YNy ¢
PE 1117
_T_ Coupling network

- IEC
ch S, is used to select individual lines for test.
Figure 7 — Example of coupling network and'decoupling network for

capacitive coupling on AC lin€s (three phases):
line L3-to-groundScoupling

.3 Coupling/decoupling networks for énterconnection lines
3.1 General

e coupling method shall be selegted as a function of interconnection cable types,
uits, and the operational conditions supported by the product specification/standard.

ring wave impulse.

CDs, such as~capacitors or gas discharge tubes (GDTs) capable of meeting the coupl

Avh] . ke GNTs | I oy . Lall .

the

Lipling to unshielded lines_requires coupling devices (CDs) that ensure sufficient insulafjon

of

ing

Lipling uSihg capacitors maintains waveform integrity, but may have filtering effects on fast
dafja tramsfer.

ost

types of interconnection lines. The breakdown voltage of the coupling device shall be selected
to be as low as possible, but higher than the maximum working voltage of the lines to be

tes

All

ted.

CDNSs shall meet the calibration requirements in 6.3.

Current compensated inductors shall be used in the decoupling network if the signal lines are
symmetrical.

The required decoupling performance on the AE side depends on the application specification
and determines the value of the decoupling elements (inductors, resistors, capacitors, GDTs,

cla

mping devices, etc.) to be used. In order to ensure the best possible decoupl

ing
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performance and AE protection, a case specific analysis is required for the choice of the
decoupling elements.

6.2.3.2 Coupling/decoupling of ring waves to unshielded unsymmetrical
interconnection lines

Coupling to unshielded unsymmetrical interconnection lines can be to both line-to-line and
line-to-ground. Decoupling is provided with one decoupling choke per line.

An example of a coupling/decoupling network for unshielded unsymmetrical interconnection
lingSTS shown in Figure 8.

Ring wave generator

J |
Sz
19 a4
ol = ))02 3
Decoupling network o—e
o7
L S1 4qc3 ¢
- NN\ Y )
— ra'a"'a’al 3
AE port
— AV & ) EUT port
— NN\ y 3 )
I Coupling network
= IEC
1) | Switch S,

— line-to-ground: position 0
— line-to-line; pesitions 1 to 4
2) | Switch S,: Positions 1 to 4

— during testing, the position of switch S, is different from the position of switch S,

NOTE , Fondetails of CD: see Table 5.

6.2.3.3 Coupling/decoupling of ring waves to unshielded symmetrical
interconnection lines

Due to the characteristic nature of unshielded wiring, coupling to symmetrical interconnection
lines (twisted pairs) is always in common mode, i.e. coupling between all lines to ground.

The energy transfer from the ring wave generator to the EUT is considered to be a constant
which is independent from the number of lines in the cable. The CDN shall be selected to
match the number of lines/pairs existing in the cable; however, for cables with more than
eight lines/four pairs the pairs shall be split and linked through several eight-line/four-pair
CDN:s.
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Common mode chokes are used for decoupling, allowing fast data transfer and ensuring
efficient common mode decoupling.

One example of a coupling/decoupling network for unshielded symmetrical interconnection
lines is shown in Figure 9.

Ring wave generator

—.—I—.— 1
[eolfee]fee]fee] 1L
Decoupling network =
/5
] I K,
Qe NNl — )
AE port EUT port
q,__MY\_(X > & )
Qe YNl ) .—: :;
I Coupling network
- IEC

L wlth current compensation may include all fouticeils or only pairs (as shown in Figure 9) to be effective.

NOTE For details of CD: see Table 7.

Figure 9 — Example '9f coupling and decoupling network for unshielded
symmetricakinterconnection lines: lines-to-ground coupling

Fof high-speed intercotinection lines, the examples given in Figure 9 and Figure 10 can|be
used.

In prder to aydid ‘the coupling and decoupling capacitors having a filtering effect on the dlata
transfer, a balanced high frequency design associating the coupling capacitors with coupling
chgkes is_required.

Figuré10 shows an example of a coupling and decoupling network for a two-pair symmetrical
interconnection lines. A similar design with four-pair symmetrical interconnection lines allows
tests with an interconnection speed up to 1 Gbit/s (Ethernet).
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Ring wave
generator S
"TT """" 1 """ [ 1 """"" '
é o PN L o 5
1 —— 1 1
1 Ry Rg ] 1
1 [ ] ]
1 1 []
' Lig Ly ' Lig 1
1 ] 1
1 Cap 1 Ci 1
L l — T l T
C - R 3
AE " : ' EUT
1 [ ] ]
c il NN T = °
1 ] 1
1 [ ] ]
1 [ T
: 4| Jiny i, 1 4| Joon 1
[ ] ]
1
1 Con : Cia :
1 — [] 1
[ AAAS T S g Q
1 1 o

Decoupling | Coupling

- IEC

Ry Res €y, €y, Ly, Ly, Lyt All components are selected so that the specified impulse parameters are met.

NOTE The generator impedance is 30 Q for two pairs as shown or multiple pairs.

Fligure 10 — Example of coupling and decoupling/network for unshielded symmetrical
interconnection lines: lines-to-grotind coupling via capacitors

WHere normal functioning cannot be achiex&d because of the impact of the CDN on the EUT,
prgdduct committees should specify apprqopriate operation or that no ring wave test is requirgd.

6.3 Calibration of coupling/decaupling networks
6.3.1 General

In |lorder to compare the( test results from different CDNs, the CDN shall be calibrated
peffiodically. For this purpose, the following procedure is necessary to measure the mpst
esgential characteristics®of the CDN. The waveform parameters measured at the EUT porj of
thel CDN are dependent upon the generator source and as such are only valid for fhe
patticular generator/fCDN combination tested.

Theé measOring equipment used for the calibration of the CDN shall satisfy the same
requireptents applicable to the calibration of the generator (see 6.1.4).

The characteristics of the CDN shall be measured under open-circuit conditions (load greater
than or equal to 10 kQ) and under short-circuit conditions (less than 0,1 Q) at the same set
voltage.

The residual ring wave voltage measured between coupled lines and ground on the AC/DC
power port of the decoupling network with EUT and mains supply not connected shall not
exceed 15 % of the maximum applied test voltage or twice the rated peak voltage of the CDN,
whichever is higher.

The unwanted ring wave voltage measured between non-coupled lines and ground with EUT
and mains supply not connected shall not exceed 15 % of the maximum applied test voltage
(open-circuit).
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NOTE Due to the structure of the coupling/decoupling network a significant part of the test voltage can appear as
a line-to-line voltage during line-to-ground coupling. This voltage can be higher than the corresponding line-to-line
test level in the case of a high impedance EUT (see 7.3. for further information).

All performance characteristics stated in 6.2.2, Table 3, shall be met at the EUT port of the
CDN with the AC/DC power port left in an open-circuit condition.

6.3.3 Calibration of CDNs for interconnection lines
6.3.3.1 General

ing and decoupling elements fitted) that will be used for testing

The¢ residual ring wave voltage measured between the coupled lines and grour}cé\pn the |AE
sidg of the CDN, with the EUT and AE equipment disconnected, shall be sured and
regorded so that users of the CDN may determine if the protection is sufficieﬂ%r use with a
patticular AE.

.
/

6.3.3.2 Calibration of CDNs for unsymmetrical interconnectio&@ﬁes

The¢ measurements shall be performed with the impulse appli%d\% one coupling path at a

time C)
The¢ peak voltage, the rise time, the oscillation period at@gﬁe ratio between peaks shall|be
mejasured for the CDN rated impulse voltage at the E%I’Q)rt according to Table 4.

Q

The¢ peak current and the rise time shall be mea@red for the CDN rated impulse voltagq at
thel EUT port according to Table 4. \\
QO

The inputs of the DN at the AE side shaIL\‘{te@short-circuited to PE for the impulse voltage gnd
impulse current measurement at the El@ port.

A\Q

The¢ residual voltage value deperas on the protection requirements of the AE. Therefore|no
lim|ts are given in this docume\rll\

C)‘\\O
oO® |
&
®
Q%
&
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Table 4 — Summary of calibration process for CDNs
for unsymmetrical interconnection lines

Coupling Measuring AE side EUT side

Ring wave voltage at |Single line to PE Single line All lines shorted to PE |Open-circuit
EUT side )

Peak voltage, rise

time, voltage

oscillation period,

ratio between peaks
Ring wave current at |Single line to PE Single line All lines shorted to PE |Short-circuit
EUfs

o Peak current, rise A
time
A
A

Ring wave voltage at |Single line-to-line Single line All lines shorted to PE |Open-cir: mk
EUT side ) ;\

Peak voltage, rise '\

time, voltage Q

oscillation period, (1/

ratio between peaks p(l/
Ring wave current at |Single line-to-line Single line All lines shorted to w Short-circuit
EUT side ) Q’

Peak current, rise Q

time P\\Q
Regidual voltage on |Single line to PE Line to PE at a time Open-cir@)t Open-circuit
AE|side (with

; Peak voltage

profection elements) \Q/

The intention of this calibration process is to chec&@%proper function of the components, fhe
saEI.Aration of decoupling chokes, the decouplin& fect of the DN part, the current capabxity
and the coupling effect of the CN part. ;@ coupling method described in the abgve
pafagraphs has an influence on the voltage current wave forms. The parameters for the

callbration are defined in Table 5. \s(\@
o
A\
xO
O
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Table 5 — Ring wave waveform specifications at the EUT port of the CDN
for unsymmetrical interconnection lines

Coupling RWG output Up,, at CDN Voltage rise Voltage I, . at CDN Current rise
method voltage 2:P:¢ EUT port time T, oscillation EUT port time T,
period T
+10 % +30 % +10 % +10 %

Line to PE 4 kV 4 kV 0,5 us 10 us 133,3 A 0,2 us to 1,0 pus

CD =23 uF

Ling—te-RE At 4 5113 +0-1ts 413334 O 2—rs—to—4+19 us

CD|= GDT

AN/
Ling-to-line 4 kV 4 kV 0,5 ps 10 us 133,3 A O&HStO 1,4 us
cD|> 3 uF ()'\
la)
Ling-to-line 4 kv 4 kv 0,5 us 10 ps 133,3;\31'/,Vo,2 us to 1,d us
CD|= GDT ’
X

a8 it is recommended to calibrate the CDN at the highest rated impulse voltage, as will minimise the effectp of
the switching noise generated by CLDs and GDTs. The value shown in the t is for a generator setting of
4 kV and 30 Q. In case the CDN is rated for another maximum impulse vol%!tg. he calibration shall be dong¢ at
this maximum rated impulse voltage. The short-circuit peak current specifiéation shall be adapted accordinply.
For example, if the maximum voltage is 1 kV the short-circuit cur @value shown in this table shall| be
multiplied by 1/4. \

b |Coupling via gas arrestors, clamping or avalanche devices wilﬁhow some switching noise on the impylse
waveform. Working with the highest possible impulse voltage avill*minimise their impact on measurements; |t is
recommended to neglect the switching noise for the front ti nd duration values measurements.

¢ |The values shown in this table are for a ring wave gen r%r with ideal values. In case the ring wave genergtor
generates parameter values close to the tolerances, t\ dditional tolerances of the CDN may generate valpes
out of the tolerances for the ring wave generator-C mbination.

<@
&

6.3

Th{
vol
me

The inputs of the DN t the auxiliary equipment (AE) shall be short-circuited to PE for
voltage and current@surements at the EUT port.

The¢ residual ‘\ge value depends on the protection requirements of the AE. Therefore
limjts are gi n this document.

NOTE %pen-circuit voltage between wires of different pairs can also be measured. A differential volt
bet

limi

3.3 Calibration of CDNs fons@ﬁmetrical interconnection lines
O

age. The peak voltage aqg urrent, the rise time and the oscillation period shall
asured at the EUT portc) ding to Table 6.

b measurements shall be pq{?rmed as indicated in Table 6 at the CDN rated impulse

be

the

no

hge
No

e irs can produce false failures in EUTs that are designed to operate in highly balanced networks.
I%/been proposed for this value as the tolerance is dependent upon the design of the EUT.
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Coupling Measuring

AE side

EUT side

Ring wave voltage at

Common mode — all All lines shorted

All lines shorted to PE

Open-circuit — all lines

EUT side lines to PE together connect together
Peak voltage, rise
time, voltage
oscillation period, ratio
between peaks
R|nj wdave CUITETIU dl CUITITTToOTT IIIUdE - dii I:\ii iillﬁb b;lullﬂd I:\ii iillﬁb b;lullﬂd 119) FE I:\ii iillﬁb b;lullﬂd [e] PE
EUT side lines to PE together
Peak current, rise time Qy
Regidual voltage on Common mode — all Each line to PE in turn |Open-circuit Openré\q:uit
AE}ide (with lines to PE Q
profection elements) Peak voltage q/
NG
’

an

cal

Table 7 — Ring wave waveform sp

The intention of this calibration process is to check the proper functio
saEI.Aration of decoupling chokes, the decoupling effect of the DN

the coupling effect of the CN part. The coupling met
paffagraphs has an influence on the voltage and current Wav&) ms. The parameters for
bration are defined in Table 7.

&

ecificabions at the EUT port

of the CDN for symmetrical iéﬁconnection lines

the components,
, the current capabxity
described

the

in the abgve

the

Coupling via gas
wave. Working
however, it i

¢ [The valu
gener
gen

For example, if the massi

tors, clamping or avalanche devices will show some switching noise on the impJ
.' the highest possible impulse voltage will minimise their impact on measureme
mmended to neglect the switching noise for the peak values measurements.

Q
Coupling RWG output Up,, at CDN Voltag \q'}e Voltage Ip, . at CDN Current rige
method voltage 2 b ¢ EUT port ti|%§'1 oscillation EUT port time T,
period T
AA\@
£10% |"Ox30% £10 % £10 %
Common mode 2 kV 2KkV . @ 0,5 us 10 ps 66,7 A 0,2 us to 1,d pus
CcD R\
xO

@ |it is recommended to calibrate t DN at the highest rated impulse voltage, as this will minimise the effectp of

the switching noise generat CLDs and GDTs. The value shown in the table is for a generator setting of

2 kV and 30 Q. In case the is rated for another maximum impulse voltage, the calibration shall be don¢ at

this maximum rated impulsSe voltage. The short-circuit peak current specification shall be adapted accordinp
&um voltage is 4 kV, the short-circuit current value shall be multiplied by 2.

own in this table are for a ring wave 30 Q generator with ideal values. In case the ring whve
enerates parameter values close to the tolerances, the additional tolerances of the CDN may
values out of the tolerances for the ring wave generator-CDN combination.

d T%D can be based upon capacitors, gas arrestors, clamping devices, avalanche devices or any method fhat
:k ‘ EOF A . . X .

parameters of this table.

y.

Ise
hts,
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7 Test setup

71 Test equipment

The following equipment is part of the test setup:
. lon:

— equipment under test;

— [auxitaryrstomertator equipment When Tequited;
— |cables (of specified type and length);

— |coupling/decoupling networks;

— |testring wave generator;

— |reference ground plane for tests to shielded lines as described in 7.6 andFigure 11.

B
D
EUT,
G CD?%
STETETS O C
= ]lalades -
[m] (-OOOO
O alalal
E E Tm 1m
S
L

u u IEC 1455/06
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7.2 Verification of the test instrumentation

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

— the ring wave generator;
— the CDN;
— |the interconnection cables of the test equipment. A

Tol|verify that the system is functioning correctly, the following signal should be che/i@d'
— |ring wave present at the output terminal of the CDN. Q

It i$ sufficient to verify that the ring wave is present at any level by using ,suitable measurjing
eqdiipment (e.g. oscilloscope) without an EUT connected to the system. b‘,

/

NOTE Test laboratories can define an internal control reference value assigned t@%s verification procedure.

7.3 Test setup for ring waves applied to EUT power ports @

The ring wave shall be applied to the EUT power supply t@mals via the capacitive coupling
nefwork (see Figure 4, Figure 5, Figure 6 and Figure 7), ecoupllng networks are required in
order to avoid possible adverse effects on equipmen @under test that may be powered|by
thel same lines and to provide sufficient decoupliﬂ%&edance to the ring wave wave so that
the| specified wave may be applied on the lines u test.
N
The selection of the CDN specification from séble 3 shall be made to match the current rafing
of the EUT (for example: an EUT rater@5 A shall be tested using a CDN fulfilling fhe
spgcifications of a 16 A rated CDN). \%h gher current rated CDN can be used if it meets fhe
spdcification requirements in Table @ r the relevant lower current rating of the EUT (for
exgmple: a CDN rated 63 A can be used for testing an EUT rated at 5 A, if it meets fhe
sp¢gcification requirements of a 1@ rated CDN).

R

If ot otherwise specified @}N)ower cord between the EUT and the coupling network shall hot
exgeed 2 m in length.

For the purpose o{i;?nerating the specifications within this document, power ports have bgen
considered to bg those ports directly connected to either an AC mains supply or a DC mdins
sugply (d|str@n network)

Prqd &é@mmlttees may decide that power ports not connected to distribution netwofks
req sting according to this document using a CDN defined in 6.3.3.

DC mains supply ring wave testing is applied between the lines (e.g. 0V to -48 V) and
between each line in turn and ground (e.g. 0 V to ground and -48 V to ground).

No line-to-ground ring waves are applied for double-insulated products (i.e. products without
any dedicated earth terminal).

Product committees may decide if line-to-ground ring wave testing is applicable to
double-insulated products with earthed connections other than PE.
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Test setup for ring waves applied to unshielded unsymmetrical interconnection

lines

The CDN shall not influence the specified functional conditions of the circuits to be tested.

An

example of a coupling network is given in Figure 8.

If not otherwise specified, the interconnection line between the EUT and the coupling network
shall not exceed 2 m in length.

No
any

7.9 Test setup for ring waves applied to unshielded symmetrical interconnection

Fig

NO
is a

If n
sh{

Fo
wh

No
any

7.6

€q

NO
cab)

All
Sui

No
any

ThB EUT is isolated from groun@nd the ring wave is applied to its metallic enclosure;
ter

line-to-ground ring waves are applied for double-insulated products (i.e. products th
dedicated earth terminal). Qy

lines (-1/

Examples of coupling networks for symmetrical interconnection lines are gib‘gf’in Figure 9 4@nd

ure 10. W
Q
bout 300 V for a gas arrestor with a rated voltage of 90 V) cannot be specif('eo.

ot otherwise specified the interconnection line between {?E,EUT and the coupling netw
Il not exceed 2 m in length. AN\
S

ring wave testing to high speed interconnectio@(wes, no ring wave test shall be appl
en normal functioning cannot be achieved beca@ of the impact of the CDN on the EUT]

N\

N
line-to-ground ring waves are applied fors&ajble-insulated products (i.e. products with
dedicated earth terminal).
N\

Test setup for ring waves a&@”&i to shielded lines

ination (or auxiliary equipn&ent) at the port(s) under test is grounded. This test applieq
ipment with one or mo@@lelded cables (see Figure 11).

[E 1 The reference gr d’ plane mentioned in Figure 11 represents a low impedance reference. A dedic
e or a metal plate c used.

connections ogﬁe EUT other than the port(s) under test shall be isolated from ground
able mea ch as safety isolating transformers or a suitable decoupling network.

icated earth terminal).

put

[E If coupling arrestors are used, test levels below the ignition point of the ¢ g arrestor (the ignition point

brk

ied

put

the
to

ted

by

put

IT@\;&round ring waves are applied for double-insulated products (i.e. products with
AN

The length of the cable between the port(s) under test and the device attached to the other
end of the cable (AE in Figure 11) shall be:

20 m (preferred length), or

the shortest length over 10 m, where the manufacturer provides pre-assembled cables

used in actual installations.

No test shall be required for cables which according to the manufacturer’s specification are

<1

0 m.

The cable between the EUT and the AE shall be non-inductively bundled or wound as a bifilar
coil and shall be placed on an insulated support.
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Rules for application of the ring wave to shielded lines:

a) Shields grounded at both ends:
— the test shall be carried out according to Figure 11.
b) Shields grounded at one end:

— the test shall be carried out according to 7.4 or 7.5 (see Figure 3) because the shield
does not provide any protection against ring waves induced by magnetic fields.

NOTE 2 In this case, ring wave testing is not applied to the shield.

Fof EUTs which do not have metallic enclosures, the ring wave is applied directly tq the
shiplded cable at the EUT side.

Rirlg wave tests do not apply to antenna ports (see Table B.2).

Safety isolation transformer or Safety isolation transformer or
decoupling network decoupling 'nefwork
L L
N Connection point for N
non-metallic enclosure
PE PE

EA \
— L =20 m (preferred) EUT —

3

...... Ring wave
Ground removed ...+
. : generator
during test
. Reference ground plane -
Insulating
support IEQ

It i permissible for the power to the EUfand/or the AE to be provided via a decoupling network, rather than| via
the fisolating transformer shown. In this caSe, the EUT's protective earth connection should not be connected to|the
decpupling network.

DC pupplied EUT and/or AE should be powered through the decoupling networks.

Where it is necessary to iselate the AE equipment from the ring wave, the ground connection on the AE side of|the
cable under test may beladhieved by connecting directly to the connector shield rather than the AE chassis. Where
further insulation is required and the cable may be extended without impacting the integrity of the shield (e.g. uging
a cpaxial barrel cohnector or a shielded Ethernet cable coupler) the connection to ground may be made to|the
shigld of the exjenision coupler. In this case the length of the cable is measured between the EUT and the coupler
and|not betweeg{the EUT and AE. The cable length between the coupler and AE is not critical.

Figure 11 — Example of test setup for ring waves applied to shielded lines

7.7— Protective eartitconmection

Ring wave tests may be performed without an RGP in order to satisfy national safety
regulations. However, repeatability may be affected. When testing is performed without the
RGP, it is important to minimise coupling to other conductors (including protective earth
conductors) and equipment not intended to be part of the test configuration.

To accomplish this, protective earth (PE) of each unit (test generator, coupling/decoupling
network and EUT) is connected to the PE input terminal of the coupling/decoupling network.

It is also necessary that the test generator case shall be connected to the PE, but the
generator output terminals shall be floating.
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8 Test procedure

General

8.1

The test procedure includes:

ha

A>3

on

the-verification establishment of the laboratory reference conditions;
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Electromagnetic conditions

8.2.2

‘ 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.

Execution of the test

8.3
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The EUT shall be i | : ione.

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

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

s/
e |test level; '\QQQ
e |number of impulses (for each coupling path): @
number of ring wave impulses unless otherwise specifie the relevant standard:
— for DC power ports and interconnection lines fiveSQ}sitive and five negative ring wave
impulses;
— for AC power ports five positive and five n@@/e impulses each at 0°, 90°, 180° and at
270°; \\

e |time between successive impulses: 1 min &}ess;

e [representative operating conditions ofs&‘?EUT;

e |EUT ports to be tested; . ®$
o |test generator and the internaloinﬁ}edance selected for each test;
X

o |applied test levels.
.\eﬁ
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Power ports (AC or DC) can be m\Qyt ports or output ports.

Rirlg waves to output por recommended in applications where ring waves are likely to
enfer the EUT via those output ports (e.g. switching of loads with large power consumption).

WHen testing thre @ﬁ,e systems, the synchronization of phase angles shall be taken from
thel same line u test, for example when applying ring wave impulses between L2 and L3,
thel phase an Q&ynchronlzanon shall be the voltage between L2 and L3.

No syn@matlon is applied in case of absence of mains supply voltage between fhe
co\ | es, for example between N and PE in TN-S power distribution systems. In this
ca<e\ e positive impulses and five negative impulses shall be applied.

Ring waves to low voltage DC input/output ports (< 60 V) are not applied when secondary
circuits (isolated from the AC mains) are not subject to transient overvoltages
(i.e. reliably-grounded, capacitively-filtered DC secondary circuits where the peak-to-peak
ripple is less than 10 % of the DC component).

NOTE 1 In the case of several identical circuits, representative tests on a selected number of circuits can be
sufficient.

If testing done at rates faster than one per minute causes failures and tests done at one per
minute do not, the test done at one per minute prevails.

NOTE 2 Product committees can select different phase angles and either increase or reduce the number of ring
waves per phase if appropriate for their products.
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NOTE 3 Most protectors in common use have limited average power capabilities even though their peak power or
peak energy handling capabilities can deal with high currents. Therefore, the time between two ring waves depends
on the built-in protection devices of the EUT.

NOTE 4 Further information on the application of the tests is given in Clause C.2.

Wh

en testing line-to-ground, the lines are tested individually in sequence, if there is no other

specification.

The test procedure shall also consider the non-linear current-voltage characteristics of the
equipment under test. Therefore all lower test levels (see Table 1) including the selected test

Laoboll L S

levf

9 | Evaluation of test results

Th

1ol
orrar T tCotoUT

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

pefformance of the equipment under test, relative to a performance level-defined by|its
manufacturer or the requestor of the test, or agreed between the manufacturer and the

pu

a)
b)

c)

d)

Thi
ins

Thi
re

ag
wh

10

chaser of the product. The recommended classification is as follows;

normal performance within limits specified by the manufacturer \requestor or purchaser;

temporary loss of function or degradation of performance which ceases after fhe
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 requifes
operator intervention;

loss of function or degradation of performancewhich is not recoverable, owing to damage
to hardware or software, or loss of data.

e manufacturer's specification may defin€ effects on the EUT which may be considefed
gnificant, and therefore acceptable.

s classification may be used as a‘guide in formulating performance criteria, by committees
ponsible for generic, productiand product-family standards, or as a framework for the
eement on performance criteria between the manufacturer and the purchaser, for examjple
bre no suitable generic, pfeduct or product-family standard exists.

Test report

The¢ test report.shall contain all the information necessary to reproduce the test. In particular,

the

following‘shall be recorded:

the jitems specified in the test plan required in Clause 8 of this document;

identification of the EUT and any associated equipment, for example brand name, product

typc, DCI;G: ||uu|bc|,
identification of the test equipment, for example brand name, product type, serial number;

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

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

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

— test configuration (hardware) including the coupling method used;

— test configuration (software).

Ring wave
generator

Decoupling network

—— C =3 yF min.

L J)i
L —CT’—-—(

AC (DC)

gower supply N —cl

EUT
rletwork

PE :l:_l_
T

Earth'reférence

IEC 1457/06

Ei s _ AC/DC | _single_phase.l ’

Ring wave
generator

—— C =3 pF min.
Decoupling network ; ?

L J)i
L —<—T—<»—-—<
ACTDC)
power supply N _(l EUT
network L

PE +——o

Earth reference

1 IEC 1458/06
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Ring wave
generator

—— C =3 uF min.
; S2

Decoupling network

L r
L1—o—e * -
L L

L2 — .
AC -1
pqwer supply |3 —< L EUT
ngtwork L

N -
bE DN
Earth reference
L
= IEC 1459/06

Rk
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Ring wave
generator

—— C =3 pF min.
; S2

Decoupling network

L ﬁ
L1—o—e * .
L L

L2 — .
AC p—
power supply | .3 — Lo EUT
network .

N— _l_ T -
bE DTN
Earth reference

_l_ IEC 1460/06



https://iecnorm.com/api/?name=c9be3710b9d3440040167a86000a757b

IEC 61000-4-12:2017 RLV © IEC 2017 -4

5—

Ring wave
generator

DI”:|
- O
-
)
N
)
w
)
N
)

L(i)
=
o
ENIRRIN

Auxiliary Protection °
equipment equipment Decoupling network
L
.
.
.
.
Earth reference

EUT

IEC 1461/06



https://iecnorm.com/api/?name=c9be3710b9d3440040167a86000a757b

- 46 - IEC 61000-4-12:2017 RLV © IEC 2017

Ring wave
generator
S2
0 0 00
—T,—_lo L
ol o
BNV
o
o3
Auxiliary Protection C4
equipment equipment Decoupling network
L J)i
— — —_—
— — ]
——C ——C ] EUT
— — ]
Earth reference

IEC 1462/06

I
I



https://iecnorm.com/api/?name=c9be3710b9d3440040167a86000a757b

IEC 61000-4-12:2017 RLV © IEC 2017 - 47 -

Earth reference

I+

I+

Ring wave
generator
S2
0 0 0 O
oo
| e
o
C3
Auxiliary Protection oA
equipment equipment Decoupling network

EUT

IEC 1

163/06



https://iecnorm.com/api/?name=c9be3710b9d3440040167a86000a757b

- 48 — IEC 61000-4-12:2017 RLV © IEC 2017

Ring wave
generator

Auxiliary Protection
equipment equipment Decoupling network
L
— — —_— ><
— - ]
¢ —— I >< >< EUT
— —— —
Earth reference

IEC 1464/06

Cable 1 (shielded)

Cable 2 (shielded)

EUT 1 Cable 3 (not shielded) EUT 2
Isolation
transformer
Test generator
L0

L IEC 1465/06

—e
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Annex A
(informative)

Information on electromagnetic environments,
installation classes and test levels

The relevance of the ring wave phenomena for immunity testing depends on the

ele
ins
cofl
foll

ctromagnetic environment where equipment is intended to be operated. Based on co on
allation practices which are representative for the electromagnetic enviro
cerned, a guide for the selection of levels for ring waves testing may be bas n the
pwing classification. According to the description of the ring wave phenomen?c\(see 411),

eff¢cts of switching and of lightning are considered. Q

Clg

ss 0 Well-protected electrical environment, often within a special JQm All incomfing
cables are provided with overvoltage (primary and secondary)%; ection. The units
of the electronic equipment are interconnected by a i<designed groundfing
system, which is not significantly influenced by the pow stallation or lightni
The electronic equipment has a dedicated power supply\&e Table B.1).

ss 1
Switching: the power supply port of the EUT is @nected to protected local poyer
source (for example uninterruptible power sys , power converter). The cableq of
EUT input/output ports run in parallel with cables of this class.

Lightning: power supply, input/outpth@s of equipment are installed in partly
protected areas (for example in a conl{{) room)

The requirements of this class are éQ)ered by test level 1 as defined in Table 1.

ss 2 Switching: the power supply w@of the EUT is directly connected to the public
mains distribution systems the residential area or is decoupled from a privpte
mains power distribution s@m through isolation transformers, protection devices,
etc. The cables of EUT input/output ports run in parallel with power cables of this
class. O

Lightning: power SL\&ly, input/output ports are connected to shielded cables.
The requireme.nG)of this class are covered by test level 2 as defined in Table 1.

ss 3 Switching: ‘power supply port of the EUT is connected to dedicated poyer
distributic@ systems in electrical and industrial plants. The cables of HUT
input/onﬁput ports run in parallel with power cables of this class.

Liq?_ an;: the power supply port is connected to unshielded cables; power supply,
t/output ports connected to outdoor cables are provided with mitigafion
ﬁasures (for example, metallic cable trays).

\Q/ The requirements of this class are covered by test level 3 as defined in Table 1.

; >es
characterized by switching of heavy inductive loads in electrical and industrial
plants. The cables of EUT input/output ports run in parallel with power cables of
this class.

Lightning: power supply, input/output ports are connected to outdoor cables without
shielding provisions.

The requirements of this class are covered by test level 4 as defined in Table 1.

Class 5 Switching: electronic equipment connected to telecommunication cables and

overhead power lines in a non-densely populated area.

Lightning: All these cables and lines are provided with overvoltage (primary)
protection. Outside the electronic equipment there is no widespread grounding
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system (exposed plant). The interference voltages due to lightning (currents up to

100 kA) can be extremely high.
The requirements of this class are covered by test level 4 as defined in Table 1.

Class X 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 a higher or lower test level 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

locptions being assigned to an environment with lower test levels. In such cas
re-pssessment of the latter location with respect to the suitable test levels should be\cg

out].
A

A manufacturer should test its equipment on the basis of the specified test I@s to con
thel equipment level immunity, for example with secondary protection at th s of the

for|a level of 0,5 kV. The users of the plant or those responsible for theNinstallation sh
theln apply measures (e.g. shielding, bonding, grounding protection) necbésary to ensure t

the| interference voltage caused by, for example, switching does@‘f exceed the cho
imrmunity level. Q
'\
The¢ above selection of test levels in terms of electromagn envwonments should be u
as |a guide only. There might be cases where a Iocat|o ght be assigned to one of
abgve types of electromagnetic environments but du the features of the equipm
conpcerned or other circumstances a different test I han that associated to that typ¢
electromagnetic environment might be more appro@ te. Corresponding assessment sho
be [done by the parties involved (e.g. product com\@ ees).
N
%
S@
®
O
O

o

rm

at
en

ed
he
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Annex B
(informative)

Selection of generators and test levels

B.1 General

The selectlon of the test levels should be based on the installation cond|t|ons and may be

an(
are
val

ins
is g

B.1

The following por e defined:

Int

. Table B.2 should be used, together with the information glven in Annex A These 5@_‘ es
included for illustration only and do not form a recommendation or reqmrer’r@,

es have been chosen only for explanatory purposes and are not put forway{ some
ommended practice N
S
The classification of environments r\q/
b‘,
¢ classification of environments is listed as follows: QQ
ss 0: Well-protected electrical environment, often within a s%é\sgal room
ss 1: Partly protected electrical environment C)
ss 2: Electrical environment where the cables are well*s€parated, even at short runs
ss 3: Electrical environment where cables run in pafaliel
ss 4: Electrical environment where the interc ctions run as outdoor cables along with
power cables, and cables are used fo \b th electronic and electric circuits
ss 5: Electrical environment for electronié@qmpment connected to communication cables

and overhead power lines in a nofi*densely populated area
ss x: Special conditions specified i&ﬁre product specification

demonstrate the system Ievel&?nmunity, additional measures relevant to the acﬂual

allation conditions, for examp\@prlmary protection, should be taken. Additional informatfjon

iven in Annex C. N~
O

X
3 The definitio&f port types

a- syste&@

e@ is connected to ports within the same system.

Intqaﬁgfport:

Only connected to cables within the same building.

The port is not intended to provide a service that can be directly connected to an outdoor
connection.

The port will not have a conductive connection to a cable which leaves the building via
other equipment (e.g., via a splitter).

External port:

The port is intended to connect directly to lines which exit a building.

The port has a conductive connection to a cable which leaves the building via other
equipment (e.g., via a splitter).
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B.4 Selection of the test levels

Examples of the selection of test levels are given in Table B.1 and Table B.2.

Table B.1 — Power ports: Selection of the test levels
(depending on the installation class)

Installation Test levels (kV)
class
AC power supply AC power supply DC power supply DC power supply
and AC I/O and AC I/O and DC 1/O0 and DC 1/O

external ports 2 internal ports 29 external ports 2 internal portsAd

Coupling mode Coupling mode Coupling mode Couplin@ﬁe
Line-to- Line-to- Line-to- Line-to- Line-to- Line-to- Line-to ,\ Line-tq-
line ground line ground line ground Iin(\ groungl

0 NA NA NA NA NA NA ANA NA

1 NA 0,5 NA NA NA NA [ NRA NA

2 0,5 1,0 NA NA NA Nar(\/v NA NA

3 1,0 2,0 1,0 2,0 NA }Q}) NA NA

4 2,0P 40P 2,0° 40P 2,0° @}0 b 2,0° 40P

5 ob ob 2,00 4,00 20y ) 40° 2,00 4,0°

No test is advised if the cable length is shorter than or equal to 1Q\m\v

Where the port is always intended to be used with specified ir%ry protection, testing is performed with the
primary protection in place to ensure coordination withﬁprotection elements. If primary protection|is
required to protect the interface but not provided, testinQ Iso performed at the maximum let through leyel
of the specified primary protection and with a typical pi\Qﬁ ry protector.

Depends on the class of the local power supply sys .

The testing of intra-system ports is generally N@quired.
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Table B.2 — Circuits/lines: Selection of the test levels
(depending on the installation class)

Installation Test levels (kV)
class U ical d S ical d
nsymmetrical operate ymmetrical operate Shielded circuits/lines & ©
circuits/lines ¢ circuits/lines  ©

External port | Internal port | External port | Internal port | External port | Internal port

Line-to-|Line-to- [Line-to-|Line-to- [Line-to-| Line-to- |[Line-to-|Line-to- |Line-to-| Line-to- |[Line-to-| Line-to-

line ground line ground line ground line ground line ground line ground
0 NA NA NA NA NA NA NA NA NA NA NA NA
1 NA NA NA 0,5 NA NA NA 0,5 NA NA NA \N \
2 NA NA 0,5 1,0 NA NA NA 1,0 NA NA I;lﬁQ» 1.p
3 NA NA 1,0 2,0 NA NA NA 2,0 NA NA it ,I\M 2,p
4 20° | 40° | 20° | 40° | NA | 40° | NA | 40 | NA [ 40P PNA | aq®
5 200 | 400 [ 200 | 40 | NA | 40° | NA | 40° | NA ;{d)’ NA | 4d®
No test is advised for data connections intended for cables shorter than 10 m. ’b(
Where the port is always intended to be used with specified primary protectio ting is performed with |the

required to protect the interface but not provided, testing is also performed-dt'the maximum let through levdl of

primary protection in place to ensure coordination with the protection ;I ts. If primary protection is
the specified primary protection and with a typical primary protector.

Line-to-line transients (transverse) may occur in networks whe Ds (surge protective devices) With
connection to ground are used for protection. Such ring waves age‘oltside the scope of this document. This
phenomenon can however be simulated by applying common r&e ring waves through the defined prinfary
protection elements.

The testing of ports connecting to antennas is outside thPQ@e of this document.

The testing of intra-system ports is generally not requi@st.

\\J‘
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Annex C
(informative)

Explanatory notes

C.1 Different source impedance

The selection of the source impedance of the generator depends on the kind of

unghielded interconnection lines, etc. and on the expected impedance of the power

network depending on the proximity to the power supply source (e.g. generator, traw);m

sele 6.1.2).
( ) '<\
. I Q
C.2 Application of the tests (1/
NV’
C.21 Equipment level immunity b(

/

EU[T thus tested refers to equipment level immunity. @
applicable to external connections only (i.e. connections éq ide of the cabinet/housing).

EU|l's insulation to withstand high-voltage streS\

eqdiipment level, especially in cases whe@ he shield of the interconnection cable is par
the] protection measure. $
.\@

C.3.2 System level |mmun|t,y\'o

A test carried out in the labo \{»T)ry refers to an EUT, but immunity at the EUT level does
neg¢essarily assure the | |ty of a system which contains that EUT. In order to ens
syqdtem level mmumtg est at the system level is recommended to simulate the r

insfallation as clos

if they are reque d by the system application manual or stipulated by the system/netw
opIrator. T@? length and type of interconnection lines should be used, all of which co

aff¢ct the o

D
&S

| system protection level.

The test is intended to be carried out in the laboratory on a smgIeQ@lT The immunity of
Prgferential ranges of test levels are given in Table B.1 a@éble B.2. The ring wave tes
It i$ highly recommended that the test voltage do%@%t exceed the specified capability of

If m is possible to test at the system Ievq% ee C.2.2), it is not necessary to test at

s possible. This simulated installation should be comprised
indjvidual EUTs a ould also include protective devices (surge protective devices (SPO

ply
er)

the

E is

the

the
of

not
Lire
eal

of
s))
prk
uld
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Annex D
(informative)

Measurement uncertainty (MU) considerations

General

compliance of the realized disturbance quantity with the disturbance quantity specified % his

dog¢ument is usually confirmed through a set of measurements (e.g. measurement oéthﬁ ise
sulf

time of an impulse with an oscilloscope by using a voltage or current probe). The of
ea¢h measurement includes a certain amount of measurement uncertainty (M ue to the
imperfection of the measuring instrumentation as well as to the lack of rep bility of the
mejasurand itself. (1/
7/

In ¢rder to evaluate MU it is necessary to: Q’b‘
a) |identify the sources of uncertainty, related both to the measy\@ instrumentation ang to

the measurand,
b) |identify the functional relationship (measurement mod ﬁpetween the influence (ingut)

quantities and the measured (output) quantity, \Q/
c) |obtain an estimate and standard uncertainty of the,i quantities,
d) |obtain an estimate of the interval containing, wil@ghigh level of confidence, the true vajue

of the measurand.

QA
In [immunity tests estimates and uncertainﬁé} are evaluated for the parameters of fhe
disfurbance quantity (e.g. rise time, peak_afld oscillation period). As such, they describe he
degree of agreement of the disturbance ntity with the relevant specifications of this bdsic
stapdard. . ®$
A\

The¢se estimates and uncertain(@s, derived for a particular disturbance quantity, do pot
de{cribe the degree of agreemient between the simulated electromagnetic phenomenon,|as
defined in the basic standar nd the real electromagnetic phenomenon in the world outsfde
thel laboratory.

Since the effect of Qparameters of the disturbance quantity on the EUT is a priori unkngwn

.

in most case€j e EUT shows a nonlinear behaviour, a single estimate and uncertainty

an
numnbers cann e defined for the disturbance quantity. Therefore each of the parameterq of
the disturb quantity will be accompanied by the corresponding estimate and uncertainty.
Thi

D.2\Legend for ring wave parameters

yieldé more than one uncertainty budget.

O

Ty
T

Pk
Phy
Phy
Phy

rise time of the ring wave (voltage or current, 10 % to 90 %)

period of the ring wave (voltage, time interval between the first and third zero crossings
after the initial peak)

first peak of the ring wave (voltage or current)
second peak of the ring wave (voltage)

third peak of the ring wave (voltage)

fourth peak of the ring wave (voltage)

NOTE The meaning and the relations among the symbols u(x;), ¢;, u(y), u,(»), U(y) and y are explained in
IEC TR 61000-1-6.
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D.3 Uncertainty contributors to the ring wave measurement uncertainty

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

e reading of peak value

e bandwidth of the measuring system

e shape of the impulse response of the measuring system

e oscilloscope vertical axis measurement error

e |measurement system, measurand and setup repeatability (type A) é
e |calibration of oscilloscope /\Q‘
e |calibration of voltage and current probes Q’\

D.4 Uncertainty of the generator output voltage and current me@shrement
7/

X

D.4.1  General Y
QQ

In fhe case of the ring wave immunity test, the disturbance quaptities are the impulse voltage
and current generated by the test generator plus CDN combi on and applied to the EUT.
As|discussed in Clause D.1, an uncertainty budget for measured parameter of the
disfurbance quantity is required. The parameters of the turbance quantities are the fise
tin;r T, of the (open-circuit) voltage and (short-circuit) cufrent waveforms, the amplitude of the
firsf peak Pk, of the voltage and current waveforg( the voltage waveform frequency 1/7T,
degaying of voltage waveform (ratio between Pl?] d Pky, Pky and Pk,, Pk, and Pkjz) and
wayeform repetition frequency. The evaluation g e measurement uncertainty of the voltdge

wayeform frequency, the decaying of the ge waveform and the waveform repetifion
frequency, although required, are less dem ing. Therefore attention is focused here on fhe
wayeform rise time and peak (both voltagv{'@‘nd current).

The¢ approach adopted here to evagéte the impulse MU is described in D.4.5 and D.4.6.
Table D.1 and Table D.2 give e\xgnples of uncertainty budgets for the amplitude of the 1Irst
peak and the rise time parameters, respectively. Tables 1 and 2 include the input quantifies
that are considered most sigtificant for this example, the details (numerical values, typq of
prgbability density functiof, gtc.) of each contributor to MU and the results of the calculatipns
required for determini&the uncertainty budget.

D.4.2 Rise tin@Q the ring wave

The measur, @IS the ring wave open-circuit voltage and short-circuit current rise time
calgpulated @ sing the functional relationship

O
\Q/ T1=1'/(Tono —T1qo +6R)2_T."v2‘.8

where

Tws =—

and:

T109, time at 10 % of the first peak amplitude
Tgg o, time at 90 % of the first peak amplitude
OR correction for non-repeatability
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Tys  rise time of the step response of the measuring system (10 % to 90 %)
B -3 dB bandwidth of the measuring system
a coefficient whose value is 360 + 40 (B in kHz and Tg in us)
Table D.1 — Example of uncertainty budget for ring wave rise time (7,)
Probab.ility _
Symbol | Estimate | Unit ror Unit Eie o u(x) c Unit u (y) Unit
(PDF)
T, 0,07 us 0,005 0 us triangular 2,45 0,002 0 -1,001 1 0,002 0 us
90 % 0,64 us 0,005 0 us triangular 2,45 0,002 0 1,001 1 0,002 0 Ys
OR 0 us 0,025 us normal (k=1) 1,00 0,025 1,001 1 0,025 ds
a 360 pus-kHz 40 pus-kHz rectangular 1,73 23,1 —1,58-10's 1/kHz 04000 04 Hs
B 20 000 kHz 500 kHz rectangular 1,73 288,7 2,84-‘10'B ps/kHz 0,900 01 Ys
u (v) = \NZu ()? 0,025 2 s
UW) =2 u () 0,05 s
y 0,57 ds

T1d o> Tog o: is the time reading at 10 % or 90 % of the first peak\amplitude. The error boynd

\vz4

OR:

is obtained assuming a sampling frequency of 1080MS/s and trace interpolation
capability of the scope (triangular probability '\dénsity function). Were this pot
the case, a rectangular probability density fiction should be assumed. Only
the contributor to MU due to the sampling rate is considered here, |for
additional contributors see D.4.5. {The readings are assumed to |be
T10 9 = 0,07 us and Tyq o, = 0,64 ps.

is the calculated rise time of thesstep response of the measuring system. The
coefficient « depends on the skiape of the impulse response of the measuring
system. The range 360 £ 40.ig)representative of a wide class of systems, each
having a different shape ofthe impulse response (see D.4.5 and Table DIS).
The bandwidth B of th€l®measuring system can be experimentally obtaiped
(direct measurement of-the bandwidth) or calculated from the bandwidth Bj of
each element of the measurement system (essentially a voltage and current
probe, a cable andva scope) by using the following formula:

2 2
1 1 1
— == =] +...
B By By
Anvestimate of 20 MHz and a 500 kHz error bound of a rectangular probabllity
density function are assumed for B.

is the 10 % to 90 % rise time non-repeatability. It quantifies the lack| of
repeatability in the measurement of Tg4. — T4p¢, due to the measuling

instrumentation, the layout of the measurement setup and the ring wave
ettt N ; et . Igilon

based on the formula of the experimental standard deviation s(g,) of a sample
of n repeated measurements g and given by

2

S(CIk)= ﬁi(q,‘ —;)
j=1

where 5 is the arithmetic mean of the qj values. An error bound s(g,) = 25 ns

(1 standard deviation of a normal probability density function) and an estimate
of 0 ns are assumed.
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NOTE For the open-circuit voltage and short-circuit current the uncertainty budgets are similarly obtained. In the
case of the voltage waveform 7,4 includes the bandwidth of the voltage probe, while it includes the bandwidth of
the current probe in the case of the current waveform. The functional relationship is the same in both cases.

D.4.3 Peak of the ring wave

The measurand is the first peak of the short-circuit current of the ring wave obtained by using
the functional relationship

Vi
Pk1 _ 5k1 .1+5R+5V

M)

Vplqy impulse voltage peak reading

Zt transfer impedance (or sensitivity) or the current probe or shunt
OR correction for non-repeatability

oV DC vertical accuracy of the scope

B - 3 dB bandwidth of the current measuring system

B coefficient whose value is (142 + 16) kHz

Table D.2 — Example of uncertainty btadget for the peak
of the short-circuit current of the ring wave (Ipy4)

Syfbol | Estimate | Unit | ETTOT | ynir | Probability (‘:,e[;‘:)"i ‘%}ri/sor u(x) c Unit u) | Ynit
- 0,321 \ 0,000 6 \ triangular 2,45 0,000 26 1000 1/Q 0,256 A
ZT 0,001 Q 0,000 05 Q rectangular 1,73 0,000 03 3,21-10° AIQ 9,267 A
R 0 1 0,03 1 normalMi=1) 1,00 0,030 321,0 A 9,630 A
4 0 1 0,02 1 PeCtangular 1,73 0,011 6 321,0 A 3,707 A
i 142 kHz 16 kHz rectangular 1,73 9,238 2,3“10'4 AlkHz 0,002 11 A
B 20 000 kHz 500 kHZ rectangular 1,73 288,7 -1,6-10° AlkHz 0,000 47 A
u (v) = v“Zu‘(y)z 13,87 A
Uy) =2 u (v) 27,7 A
v 321 A
Expressed in % of 321 4 8,6 o
Vot ighthe voltage peak reading at the output of a current probe or across a current

shunt. The error bound is obtained assuming that the scope has an 8-bit vertical
resolution with interpolation capability (triangular probability density function).

Z7 is the transfer impedance

(or sensitivity) of the current shunt or probe. |An
rd—ahR—erro - obabdlity

OR: quantifies the non-repeatability of the measurement setup, layout and
instrumentation. This is a type A evaluation based on the formula of the
experimental standard deviation. It is expressed in relative terms and an estimate
of 0 % and an error bound of 3 % (1 standard deviation) are assumed.

ov: quantifies the amplitude measurement inaccuracy of the scope at DC. A 2 % error
bound of a rectangular probability density function and an estimate of 0 are
assumed.

B 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.4.6). The interval (142 + 16) kHz is representative of a wide class of
systems, each having a different shape of the impulse response.
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B: the bandwidth B of the measuring system can be experimentally obtained (direct
measurement of the bandwidth) or calculated from the bandwidth B; of each
element of the measurement system (essentially a current probe or shunt, a cable
and a scope) by using the following formula:

G-

An nctimatn of 20 MHz 3B d 3 500 kHz error hnllnr{ of a ror\+onnu!er nrnbah HH2V] rlnneuh/ functi on

e J L kb 4 P A
arg assumed for B. A
NOTE The uncertainty of the peak the ring wave voltage is obtained by using a similar functionz\’rgation hip
whdre the reciprocal of the attenuation of the voltage probe is considered in place of Z; and B is tlﬁq andwidth of
the voltage measuring system (voltage probe, cable and oscilloscope). (.1/
D.4.4 Further MU contributions to time measurements (1/

Time base error and jitter: the oscilloscope specifications may be t n as error boundq of
redtangular probability density functions. Usually these contr|but|o negligible.

Vertical resolution: the contribution depends on the vertical F@)Iltude resolution 44 and|on
the| slope of the trace dA4/dt. The uncertainty is related to thggﬂ width of the resolution andl is

(44/2)/(dAldt). If trace interpolation is performed (see t cilloscope manual) a triangdylar
prgbability density function is used, otherwise a recta lar probability density functior] is
used. This contribution is often negligible. Q

D.4.5 Rise time of the step response and dwidth of the frequency response of {he

measuring system

%
Lefl T\4s be the rise time of the step respo\& of the measuring system as defined by
N
\9,\,,3 = 2;:]( ~Tg V2 - o (¢)dt (4.1

where hg(?) is the u@lse response of the measuring system having a normalized arga,

el Jho t)dt =1, a@)T is the delay time given by

Ty = jt-ho(t)dt (4.2)

U

Formula (D.1) is much more easy 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 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 =TysB (D.3)

we find that the o values derived from the two definitions of rise time do not differ very much.
The values of «a, corresponding to different shapes of the impulse response /i(t), are given in
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Table D.3. It is evident from Table D.3 that it is not possible to identify a unique value of o
since « depends both on the adopted definition of the rise time (e.g. based on thresholds or
on Formula (D.1)) and on the shape of the impulse response of the measuring system. A
reasonable estimate of « can be obtained as the arithmetic mean between the minimum
(321-1073) and maximum (399-1073) values that appear in Table D.3, that is 360-1073.
Further, it can be assumed that, if no information is available about the measuring system
apart from its bandwidth, any value of « between 321-1073 and 399-1073 is equally probable.
Differently stated, « is assumed to be a random variable having a rectangular probability
density function with lower and upper bounds 321-1073 and 399-1073, respectively. The
standard uncertainty of « quantifies both:

o

e) [the indifference to the mathematical model adopted for the definition of the rise time,x&

f)

the indifference to the shape of the impulse response of the system.

Q}/

Table D.3 — « factor (Formula (D.3)) of different unidirectional im
responses corresponding to the same bandwidth of the syste

.

| N
N\
Values of o are multiplied by 103 | Gaussian | | order | Il order (crit. damp.) R)&fangular Triangular
N4
a 1 using Formula (D.1) 332 399 363 (\Q) 321 326
@10 % to 90 % 339 350 348 (Y 354 353
N
D.4.6 Impulse peak and width distortion due to the-limited bandwidth of the
measuring system
The distorted impulse waveform ¥, (¢) at the m{@t of the measuring system is given by the
convolution integral N
QO
%
&
Vogilt) = [ Vin e hle ~ )iz d-4)
0
O

waveform and i(¢) is the impulse response of the measurfing
sydtem. Note that 4-h(1)=ig ‘) where 4 is the DC attenuation of the measuring system. The
input waveform can be appfoximated by its Taylor series expansion about the time instanf I
whgn the input reach@its peak value Vo

O

where 7;,(¢) is the input imp

. V‘” V”I
@ Vin(t)=V, + 'nz(tp)(t—tp)z + métp)(t—tp)3 o (d.5)
O
No e@the first order term is missing from Formula (D.5) since V"(tp) = 0. Further Vi,';(tp) < 0
betatse—the—conca solts—downwards Lmasdmumy oo H—=—O0—because the

standard waveforms of interest here, the rise-time is lower than the fall time. Substituting
Formula (D.5) by Formula (D.4) 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

(D.6)

where Vod is the output impulse peak, 4 is the DC attenuation of the measuring system and
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|Vir'; (th
4rVy,

(D.7)

Note that the parameter f depends on the second derivative of the standard input waveform
and on the parameter « defined and derived in D.4.5. The mathematical expression for the

sta

ﬁ:

D.!

In
of
thig

Fu

ndard ring waveform is given in 4.1 and the value is numerically calculated as
(142 + 16) kHz.
D pplication of uncertainties 1n the ring waveform compliance cri erloQ
N/
brder to provide evidence that the ring wave generated is compliant with the re melnts
his document, the calibration results should be compared with the tolerances;i ecified| by
document. Tolerances shall not be reduced by MU. (.19
ther guidance is given in IEC TR 61000-1-6:2012, Clause 6. b{'\q/
Ql
Q
N
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 4-12: Testing and measurement techniques —
Ring wave immunity test

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization compri
Bl national electrotechnical committees (IEC National Committees). The object of IEC\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, Teé¢hnical 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. Internatiognal, governmental and n
hjovernmental organizations liaising with the IEC also participate in this prepafation. IEC collaborates clo
ith the International Organization for Standardization (ISO) in accordance Wwith conditions determined
hgreement 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 intepnational 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
Mmisinterpretation 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¢g
between any IEC Publication and the corresponding’national or regional publication shall be clearly indicate]
he latter.

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

All users should ensure that they.hav€ 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.

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

t of

rpational Standard IEC 61000-4-12 has been prepared by subcommittee 77B: H
Euency phenomena, of IEC technical Committee 77: Electromagnetic compatibility.

igh

It forms Part 4-12 of IEC 61000. It has the status of a basic EMC publication in accordance
with IEC Guide 107.

This third edition cancels and replaces the second edition published in 2006. This edition
constitutes a technical revision. This edition includes the following significant technical
changes with respect to the previous edition:

a)
b)
c)
d)

addition of a mathematical modelling of ring wave waveform;
new Annex B on selection of generators and test levels;
new Annex C on explanatory notes;

new Annex D on measurement uncertainty;
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addition of high speed CDN;
addition of a calibration procedure for CDN.

The text of this International Standard is based on the following documents:

CbhV Report on voting
77B/764/CDV 77BI7T74/RVC

Full information on the voting for the approval of this International Standard can be found in

bl

th

Thi

Al
cof

Th{
the

related to the specific publication. At this date, the publication will be

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

npatibility (EMC), can be found on the IEC website.

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

rs FH H=w= H o o o b £
TOCPUTL UTT VULITTY TTTuTteatcu 1 ure avuve tavlc.

st of all parts in the IEC 61000 series, published under the general title Efectromagnétic

stability date indicated on the IEC web site under "http://webstore.iec.ch" in the d

reconfirmed,
withdrawn,
replaced by a revised edition, or

amended.

ntil
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un
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PORTANT - The 'colour inside' logo<on the cover page of this publication indicat
thgqt it contains colours which are considered to be useful for the corre
Herstanding of its contents. Users should therefore print this document using

our 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

Pa

De

~

(e

C

Co

Pa

Em

(0]

't 2: Environment
scription of the environment

ssification of the environment

mpatibility levels
't 3: Limits
ission limits
Immunity limits (in so far as they do not fall under the responsibility of the prod
hmittees)
't 4: Testing and measurement techniques

Pa

Me

Te

Pa

Ins

Mit

Pa

Pa

asurement techniques

5ting techniques

't 5: Installation and mitigation guidelines
tallation guidelines

gation methods-and devices

't 6: Generic standards

't 9:-Miscellaneous

uct

Ea

hpartisfurther subdividedimto severat parts, pubtishedeither as mermationatstanda

ds

or as technical specifications or technical reports, some of which have already been published
as sections. Others will be published with the part number followed by a dash and a second
number identifying the subdivision (example: IEC 61000-6-1).

This part is an International Standard which gives immunity requirements and test procedures
related to ring waves. It should be noted that edition 1 of IEC 61000-4-12, published in 1995,
covered immunity tests against two phenomena, ring waves and damped oscillatory waves.
This situation was changed in edition 2, published in 2006, where IEC 61000-4-12 covered
the ring wave phenomena only and the damped oscillatory wave phenomenon was moved into

an

ew standard IEC 61000-4-18.
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ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 4-12: Testing and measurement techniques —
Ring wave immunity test

Scope

part of IEC 61000 relates to the immunity requirements and test methods for electr

cal

and electronic equipment, under operational conditions, to ring waves occurring in low-voltage

power, control and signal lines supplied by public and non-public networks.

Thé object of this document is to establish a common reference for evaluating the immunity
electrical and electronic equipment when subjected to ring waves. "\The test meth

of
od

dog¢umented in this part of IEC 61000 describes a consistent method to\'d@ssess the immunity

of &n equipment or system against a defined phenomenon.

NO
As

test
perf
eva

Thi

2

The¢ following documents-are referred to in the text in such a way that some or all of th

cofl
citq
any

IEQ
Ww

[E As described in IEC Guide 107, this is a basic EMC publication for use.by product committees of the |
hiso stated in Guide 107, the IEC product committees are responsible-for-determining whether this immd
standard is applied or not, and if applied, they are responsible for determining the appropriate test levels
ormance criteria. TC 77 and its sub-committees are prepared to co<eperate with product committees in
uation of the value of particular immunity test and test levels for their products.

s document defines:

test voltage and current waveforms;
a range of test levels;

test equipment;

test setups;

test procedures.

Normative references

d applies. Forundated references, the latest edition of the referenced document (includ
amendments).applies.

60050(_(all parts), International Electrotechnical Vocabulary (IEV) (available
w.electropedia.org)

tent constitutes requirements of this document. For dated references, only the editlion

EC.
nity
and
the

eir

ng

at

3

3.1

Terms, definitions and abbreviated terms

Terms and definitions

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

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

IEC Electropedia: available at http://www.electropedia.org/

ISO Online browsing platform: available at http://www.iso.org/obp
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3.1.1

calibration

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

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

sts

Note 2 to entry: The relationship between the indications and the results of measurement can be expressed, in

principle, by a calibration diagram.

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

3.1).2
coupling
interaction between circuits, transferring energy from one circuit to another

3.1.3
colpling network

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

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

3.1.7
port
pafticular interface of an equipment, which couples this equipment with the exter
eleptromagnetic environment (IEC 60050-161:1990, 161-01-01) and through which
eqliipmentsis influenced by the environment

Her

an

nal
the

[SQURCE:- 1FC 60050-161-1990 _161-01-27]

3.1.8
ring wave
damped oscillation, whose damping time constant is of the order of one period

[SOURCE: IEC 60050-161:1990, 161-02-30]

3.1.9

rise time

TI'

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

irst
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[SOURCE: IEC 60050-161:1990, 161-02-05, modified — the content of the note has been
included in the definition and “pulse” has been changed to “impulse”]

3.1.10

transient (adj and noun)

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

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

31111

verification

set| of operations which is used to check the test equipment system (e.g. the test genergtor
and its interconnecting cables) to demonstrate that the test system is functioning
Notg 1 to entry: The methods used for verification may be different from those used for calibration.
Notg 2 to entry: For the purposes of this basic EMC standard this definition is different from the definition given in
IEC|60050-311:2001, 311-01-13.

3.2 Abbreviated terms

AE Auxiliary equipment

CD Coupling device

CDN Coupling/decoupling network

CL Clamping device

CN Coupling network

DN Decoupling network

EMC Electromagnetic compatibility

EU Equipment under test

GOT Gas discharge tube

M Measurement uncertainty

PD Probability density function

PE Protective earth

RGP Reference.ground plane

RWG Ring waye generator

SPpD Sukge protective device

4 | General

4.1 Description of the phenomenon

The ring wave (described in Figure 1) is an oscillatory transient, induced in low-voltage cables
due to the switching of electrical networks and reactive loads, faults and insulation breakdown
of power supply circuits or lightning. It is, in fact, the most diffused phenomenon occurring in
power supply (high voltage, medium voltage, low voltage) networks, as well as in control and
signal lines.

The ring wave is representative of a wide range of electromagnetic environments of
residential, as well as industrial installations. It is suitable for checking the immunity of
equipment in respect of the above-mentioned phenomena, which give rise to impulses
characterized by sharp front-waves that, in the absence of filtering actions, are in the order of
10 ns to a fraction of us. The duration of these impulses may range from 10 us to 100 pus.
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The rise time and duration of the impulse are dependent on the propagation characteristics of
the media and the path.

The propagation of the wave in the lines (power and signal) is always subject to reflections,
due to the mismatching impedance (the lines are terminated with loads or connected to
protection devices, input line filters, etc.). These reflections produce oscillations, whose
frequency is related to the propagation speed. The presence of parasitic parameters
(e.g. stray capacitance of components like motors, transformer windings, etc.) are additional
influencing factors.

The rise time can be increased by the low-pass characteristics of the line. This effect is mpre
reI}vant for fast rise times (in the order of 10 ns), and less relevant for slow rise times_(in the
order of 1 us).

Another cause of the ring wave is lightning, which itself is characterized by a\unidirectional
wapeform (standard 1,2/50 us impulse). Circuits subjected to the indirect effects of lightnjing
(inductive coupling among lines) are influenced by the derivative of the pricvary impulse and
the] coupling mechanisms involved, which can cause oscillations. The ctharacteristics of the
resjulting ring wave depend on the reactive parameters of the ground-gircuits, metal structufes
invplved in the lightning current flow, and the propagation in thexlew-voltage transmissjon
lings.

The¢ phenomenon, which is created by the above mentioned<{effects at the equipment ports], is
an [oscillatory transient or a ring wave. Oscillatory transients are covered in IEC 61000-4-1§. A
ring wave with a defined 0,5 us rise time and 100 kHz oscillation frequency has been
defermined to be typical and is widely used for testing)products.

The¢ formula of the ideal waveform of Figure 1¢a(t), is as follows:

with

T 1 2
ty=—-——=721uys and f=—— and T'=10 us
275 R H P== H

where thé parameters for oscillation period 7 = 10 us are:

4=1,K=181,n=1,83; ¢, =0,507 us

NOTE R is the ratio between Pk, and Pk, Pkgy and Pk,. The value of R ensures that the ratios Pk2/Pk3 s Pk3/Pk4 are
in the range specified by this document. The value of R cannot be too small otherwise the ratio Pk,/Pk, exceeds the
specified tolerance. R = 2 has been selected. The parameters » and ¢, are adjusted to obtain 7, = 0,5 us.
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S A
ooy Pkq (Upy, OF Ipy,)
90 % — T
< >
Pk3
10 %
e —
/ -
t
T Pky
> <

=110 % to 40%
Plko
IEC
Key
T, |Rise time

T |Oscillation period

NOTE Only Pk, is specified for the current waveform.

Figure 1 — Waveform of-the ring wave
(open-circuit voltage and short-circuit current)

Other IEC standards, such as IEC 61000-4-5, refer to the 1,2/50 us standard Iightn]ing
impulse, which may be considered to be.coémplementary to the ring wave described in this
dog¢ument.

It i$ the responsibility of the product-committees to define the most appropriate test, accordjng
he phenomenon considered as-relevant.

Relevant parameters
.21 Repetition rate

e repetition rate jof the transient is directly related to the frequency of occurrence of the
ary phenomenon (lightning and switching). It is higher whenever the primary cause is the
load switching-in control lines, and less frequent in the case of faults and lightning. The

¢ fepetition rate may be increased in order to reduce the duration of the test. It should

mitigation/suppression of transients.

4.2.2 Phase angle

Equipment failures related to the ring wave on power supply sources can depend on the
phase angle of the AC mains at which the transient is applied. When a protection element
operates during a ring wave test, follow current may occur depending on the phase angle at
which the transient occurs. Follow current is the current from the connected power source that
flows through a protective element, or from any arc in the EUT both during and following the
transient.
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For semiconductors, the phenomenon may be related to the conduction state of the device at
the time the ring wave occurs. Semiconductor parameters that may be involved, include
forward and reverse recovery characteristics and secondary breakdown performance.

Devices most likely to fail in a phase-related way are semiconductors involved in the power
input circuitry. Other devices in different areas of the EUT can also exhibit such failure
modes.

5 Test levels

The preferred test levels for the ring wave applicable to power, signal and control ports oflhe
equyiipment, are given in Table 1. The test level is defined as the voltage of the first'pg¢ak
(maximum or minimum) in the test waveform (Pk4 in Figure 1).

Di

fferent test levels may apply to power, signal and control ports.

Table 1 — Test levels

Open-circuit test voltage
Level kV
Line-to-line Line-to-ground®

1 0,25 0,5

2 0,5 1

3 1 2

4 2 4

xa Special Special

a |"X" can be any level, above, below or in between the others. This level shall be specified by prodpct
committees and/or equipment specification,

For symmetrical interconnection lines thé.test can be applied to multiple lines simultaneously with respec{ to
ground, i.e. “lines to ground”.

The test levels shall be selected according to the installation conditions; classes of installafion
arg given in Annex C. Annex A gives information on test levels.

The test shall be(applied at all test levels in Table 1 up to and including the specified fest
levgl (see 8.3),

For selection’ of the test levels for the different interfaces, refer to Annex B.

6 | Test instrumentation

6.1 Ring wave generator
6.1.1 Ring wave generator circuit

The generator output shall have the capability to operate under short-circuit conditions.
A block diagram of a representative ring wave generator is shown in Figure 2.
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Ry Sp
R1 . R2 Jo—o
— o ‘ }—e{ 1o
R3
1% C1 == Lq C2 ==
IEC

Key
U: high-voltage source Ry 30 Q resistor
Cy: energy storage capacitor R,: 12 Q resistor
Cyt filter capacitor Ly: oscillating circuit coil
Ry charging resistor AP high-voltage switch
R, filter resistor Sy output impedance selector

Figure 2 — Example of schematic circuit of the ring wave generator

6.1.2 Impedance values
Twp values of impedance (see R3 and R, in Figure 2) have been selected as follows:

e [12 O when testing AC/DC power ports and shielded ipterconnection lines

¢ |30 Q when testing unshielded interconnection lines
6.1.3 Performance characteristics of the ring'wave generator

A denerator with a floating output shall be used.

The¢ generator is a single-shot ring-twave generator with the following characteristics,
mejasured at the output of the generator:

— |voltage rise time (T in Figure-t) 0,5 ps + 30 % (open-circuit condition
— |current rise time (T, in Figure 1) 0,2 us to 1,0 us (short-circuit conditi¢n)
— |voltage oscillation frequency (1/T in Figure 1) 100 kHz £ 10 %

NOTE 1 Oscillation freduency is defined as the reciprocal of the period between the first and third zero crossings
after the initial peak.

— |decay (voltage'only; see Figure 1) 0,4 < ratio of Pk, to Pkq < 1,1
0,4 < ratio of Pky to Pk, < 0,8
0,4 < ratio of Pk, to Pk; < 0,8
no requirements for Pkg onwards

— repetition rate 1/min or faster
— output impedance see Table 2

NOTE 2 The output impedance is calculated from the open-circuit voltage Uy, , divided by the short-circuit current

IPk1

— open-circuit voltage Upy4 (see Figure 1) adjustable from 0,25 kV to the required

test level
— short-circuit current I, | (see Figure 1) see Table 2
— phase shifting in a range between 0° to 360° relative to the

phase angle of the AC line voltage to the EUT
with a tolerance of £10°
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— polarity of Pk, (see Figure 1) positive and negative

Table 2 — Relationship between peak open-circuit voltage
and peak short-circuit current

Open-circuit peak voltage + 10 % | Short-circuit peak current + 10 % | Short-circuit peak current + 10 %
at generator output at 12 Q generator output at 30 Q generator output
0,25 kV 20,8 A 8,3 A
0,5 kV 41,7 A 16,7 A
1.0 kV 833 A 333 A
2,0 kv 166,7 A 66,7 A
4,0 kV 333,3A 133,3A

6.1.4 Calibration of the ring wave generator

The test generator characteristics shall be calibrated in order to establish’ that they meet the
requirements of this document. For this purpose the following procedure’shall be undertaken.

The generator output shall be connected to a measurement system*with a sufficient bandwidth
(minimum 20 MHz), voltage and current capability to monitor the characteristics of the
wayeform.

—

The characteristics of the generator shall be measurgd both under open-circuit (load greg
thaln or equal to 10 kQ) and short-circuit conditions. at)the same set voltage.

er

All| performance characteristics stated in 6.4.3, with the exception of phase shifting Ind
repetition rate, shall be met at the output of>the generator. Phase shifting performance shall
be |met at the output of the CDN at 0°, 90%.180° and 270° at one polarity.

6.2l Coupling/decoupling networks
6.2.1 General

Eag¢h coupling/decoupling/network (CDN) consists of a coupling network and a decoupling
network as shown in the examples of Figure 4 through Figure 10.

NOTE The coupling capacitors can be part of the CDN or part of the generator or discrete external components.

The¢ coupling network shall be provided with a coupling capacitor suitable for the selecfed
impedance of/the test generator, i.e. >3 pF.

On|the(AC or DC power lines, the decoupling network provides relatively high impedancdg to
the| «fing wave transient but at the same time allows current to flow to the EUT. This
im Uddllbc d“UWb tilc VUitdyU VVdVUfUIIII tU L)U UIUVUiUpUd dt t;lc Uutput Uf he
coupling/decoupling network and prevents the ring wave current from flowing back into the AC
or DC power supply. High voltage capacitors are used as the coupling element, sized to allow
the full waveform durations to be coupled to the EUT. The coupling/decoupling network for the
AC or DC power supply shall be designed so that the open-circuit voltage waveform and
short-circuit current waveform meet the requirements of Table 3.

For I/O and communication lines, the series impedance of the decoupling network limits the
available bandwidth for data transmission. Coupling elements can be capacitors, in cases
where the line tolerates the capacitive loading effects, clamping devices or arrestors. When
coupling to interconnection lines, the waveforms may be distorted by the coupling
mechanisms which are described in 6.2.3.
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The coupling/decoupling network for the unshielded interconnection lines shall be designed so
that the open-circuit voltage waveform and short-circuit current waveform meet the
requirements of Table 5 and Table 7.

Each coupling/decoupling network shall satisfy the requirements of 6.2.2 or 6.2.3 and shall
meet the calibration requirements in 6.3. Their use is made according to the flowchart in
Figure 3:

/ Selecting the \

coupling/decoupling
network method

AC/DC power port? Yes
Line-to-ground
coupling?
line-to-line
one phase or DC: Figure 4 one phase or DC: Figure 5
three phases: Figure 6 three phases: Figure 7
No
shielded cable?

one end

shield connected?

both ends
Yes

symmetrical lines?

Figure 11 Figure 8 Figure 9 or Figure 10

IEC
Figure 3 — Selection of coupling/decoupling method

6.2.2 Coupling/decoupling networks for AC/DC power port rated up to 63 A per ling

The péak amplitude Pk; and rise time shall be verified for voltage under open-cirguit
conditions and for current under short-circuit conditions, at the EUT port as well as fhe
oscliation pertoad Tn aadftion 10 the Vvoltage unaer open-CIircult conaltions. ne waverorm
parameters measured at the EUT port of the CDN are dependent upon the generator source
and as such are only valid for the particular generator/CDN combination tested. The CDN
shall be connected to a measuring system with a sufficient bandwidth, voltage and current
capability to monitor the characteristics of the waveforms.

NOTE The surge and ring wave originate from the same disturbance sources. The ring wave is the outcome of the
involved cable layout and the surge protective device (SPD) between the disturbance source and the power outlet.
For currents larger than 63 A the cable layout forms usually a part of the EUT and therefore the EUT is tested in
accordance with IEC 61000-4-5.

The decoupling inductance shall be selected by the CDN manufacturer so that the voltage
drop across the CDN shall not exceed 10 % of the CDN input voltage at the specified current
rating, but should not exceed 1,5 mH.
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To prevent unwanted voltage drops in the CDN, the value of the decoupling element shall be
reduced for CDNs rated at > 16 A. As a consequence, the peak current can vary within the

tolerances given in Table 3 below.

Table 3 — Ring wave specification at the EUT power port

of the CDN

Ring wave parameter under short-circuit condition

Peak current

Peak current I,

10

Currentrating-<-16-A
9

16 A < current rating < 32 A

32 A < current rating £ 63 A

~10 %

~10 %

+10 o
-25 %

NOTE The current rating is the CDN rating.

All|performance characteristics stated in 6.1.3, with the exception ©of-the repetition rate, shall

be Imet at the output of the CDN. Phase shifting performance shall*be met at 0°, 90°, 180° 3

270° at one polarity.

The¢ above mentioned characteristics are applicable for ‘single-phase systems (line, neut
pratective earth) and three-phase systems (three-phase wires, neutral and protective earth].

Ring wave generator

Decoupling network
=T= C2>3puF
L —01_ SNV o ]
IAC/DC power port N _4)J ;—1 QO EUT port
PE

I

Coupling network

Figure 4 — Example of coupling network and decoupling network
for capacitive coupling on AC/DC lines: line-to-line coupling

nd

ral,
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Ring wave generator

I \ )\
—]— C>3puF
Decoupling network
[+) o
L —oTo—NY“—( o >
AC/DC power port N _,le 7, y [EUT port
PE —e¢ T
-I Coupling network
— IEC

Figure 5 — Example of coupling network and decoupling network
for capacitive coupling on AC/DC lines: line-to-ground coupling

Ring wave generator

)|
— C>3uF
Sz !
1 4
1 f’vzr%
Decoupling network g2 f
3
o
Sy od
L1 —o LA p
L2 =5 NN\ ]
AC power port - - EUT port
L3 —& LN YN\ G-
=
N & Y >
PE
_T_ Coupling network

- IEC

Swifches S1 and 82 are used to select individual lines for test.

Dur|ng testing, the position of switch S, is different from the position of switch S,.

for capacitive coupling on AC lines (three phases):
line L3-to-line L2 coupling
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Ring wave generator

Swi

6.2,
6.2,

Th
cird

Co

between the interconnectionilines and the ring wave generator, but allow efficient transfe

the)

An

and insulation functions may be used.

Co

— 4
— C>3uF
Sz
1»02(‘ ?4
Decoupling network
L1 YYY
L2 1 1T 'S0 a e
AC power port L3 1 1 22 e , &, EUT port
N 1 YNy
PE 1117
_T_ Coupling network

_— IEC
ch S, is used to select individual lines for test.
Figure 7 — Example of coupling network and 'decoupling network for

capacitive coupling on AC lin€s (three phases):
line L3-to-groundicoupling

3 Coupling/decoupling networks for interconnection lines
3.1 General

e coupling method shall be selected as a function of interconnection cable types,
uits, and the operational conditions supported by the product specification/standard.

ring wave impulse.

CDs, such as-capacitors or gas discharge tubes (GDTs) capable of meeting the coupl

Av

the

Lipling to unshielded lines requires coupling devices (CDs) that ensure sufficient insulafion

of

ing

Lipling uSihg capacitors maintains waveform integrity, but may have filtering effects on flast
dafa transfer.

ost

types of interconnection lines. The breakdown voltage of the coupling device shall be selected
to be as low as possible, but higher than the maximum working voltage of the lines to be
tested.

All

CDNs shall meet the calibration requirements in 6.3.

Current compensated inductors shall be used in the decoupling network if the signal lines are
symmetrical.

The required decoupling performance on the AE side depends on the application specification
and determines the value of the decoupling elements (inductors, resistors, capacitors, GDTs,

cla

mping devices, etc.) to be used. In order to ensure the best possible decoupl

ing
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performance and AE protection, a case specific analysis is required for the choice of the
decoupling elements.

6.2.3.2 Coupling/decoupling of ring waves to unshielded unsymmetrical
interconnection lines

Coupling to unshielded unsymmetrical interconnection lines can be to both line-to-line and
line-to-ground. Decoupling is provided with one decoupling choke per line.

An example of a coupling/decoupling network for unshielded unsymmetrical interconnection
lingSiS shown in Figure 8.

Ring wave generator

Decoupling network
L
- A Q
- ra'a"'a’al >
AE port
— 7NV & 3 EUT pOI’t
— Fa'a"'a "N P § 3
I Coupling network
- IEC
1) | Switch S1

— line-to-ground: position 0

— line-to-line; pesitions 1 to 4

2) | Switch S,: Positions 1 to 4

— during testing, the position of switch S, is different from the position of switch S,

NOTE , Fondetails of CD: see Table 5.

unsymmetrical interconnection lines: line-to-line and line-to-ground coupling

6.2.3.3 Coupling/decoupling of ring waves to unshielded symmetrical
interconnection lines

Due to the characteristic nature of unshielded wiring, coupling to symmetrical interconnection
lines (twisted pairs) is always in common mode, i.e. coupling between all lines to ground.

The energy transfer from the ring wave generator to the EUT is considered to be a constant
which is independent from the number of lines in the cable. The CDN shall be selected to
match the number of lines/pairs existing in the cable; however, for cables with more than
eight lines/four pairs the pairs shall be split and linked through several eight-line/four-pair
CDNs.
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Common mode chokes are used for decoupling, allowing fast data transfer and ensuring
efficient common mode decoupling.

One example of a coupling/decoupling network for unshielded symmetrical interconnection
lines is shown in Figure 9.

Ring wave generator

N S
[elfeo]feolfee] 1L

Decoupling network
- SN NNl —— £

:X | \ O—E’

> )

I Coupling network

= IEC

AE port EUT port

L with current compensation may include all four'coils or only pairs (as shown in Figure 9) to be effective.
NOTE For details of CD: see Table 7.

Figure 9 — Example 'of coupling and decoupling network for unshielded
symmetricalinterconnection lines: lines-to-ground coupling

For high-speed intercohnection lines, the examples given in Figure 9 and Figure 10 can|be
used.

In prder to avoéid the coupling and decoupling capacitors having a filtering effect on the drta
trapsfer, a balanced high frequency design associating the coupling capacitors with coupling
chgkes is_required.

Figure10 shows an example of a coupling and decoupling network for a two-pair symmetrical
interconnection lines. A similar design with four-pair symmetrical interconnection lines allows
tests with an interconnection speed up to 1 Gbit/s (Ethernet).



https://iecnorm.com/api/?name=c9be3710b9d3440040167a86000a757b

- 22 - IEC 61000-4-12:2017 © IEC 2017

Ring wave
generator l
Tr """" 1 """ [ 1 """"" '
é o pov v L o 5
1 p— 1 1
1 Ry Rg ] 1
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' L3 Ly ' Lig '
1 1 1
X Cop . Cig .
- U — U
c - APl 3
AE ! : ' EUT

1 [ ] ]
c @ Y T 7N o
1 . 1 1
1 ] 1
1 [ ] 1
: 4| Iin i ] 4| I '

[ ] ]
1
' Con : Cia :
1 —— [] 1
[ AAAS T > Q
e a e e e e s e eeeeeee.eeeee. Il m g = = == e === === o

Decoupling | Goupling
-_ IEC

Ry Rgs €4, Cy, Ly, Ly, Lyt All components are selected so that the specified impulse parameters are met.

NOTE The generator impedance is 30 Q for two pairs as shown or multiple pairs.

Figure 10 — Example of coupling and decoupling/network for unshielded symmetrical
interconnection lines: lines-to-ground coupling via capacitors

WHere normal functioning cannot be achievéd because of the impact of the CDN on the EYT,
prgduct committees should specify appropriate operation or that no ring wave test is required.

6.3 Calibration of coupling/decoupling networks
6.3.1 General

In lorder to compare the( test results from different CDNs, the CDN shall be calibrated
pefliodically. For this purpose, the following procedure is necessary to measure the mjost
esgential characteristics'of the CDN. The waveform parameters measured at the EUT por{ of
thel CDN are dependent upon the generator source and as such are only valid for the
panticular generator/CDN combination tested.

The meas@ring equipment used for the calibration of the CDN shall satisfy the same

requiremrents applicable to the calibration of the generator (see 6.1.4).
BW

The characteristics of the CDN shall be measured under open-circuit conditions (load greater
than or equal to 10 kQ) and under short-circuit conditions (less than 0,1 Q) at the same set
voltage.

The residual ring wave voltage measured between coupled lines and ground on the AC/DC
power port of the decoupling network with EUT and mains supply not connected shall not
exceed 15 % of the maximum applied test voltage or twice the rated peak voltage of the CDN,
whichever is higher.

The unwanted ring wave voltage measured between non-coupled lines and ground with EUT
and mains supply not connected shall not exceed 15 % of the maximum applied test voltage
(open-circuit).
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NOTE Due to the structure of the coupling/decoupling network a significant part of the test voltage can appear as
a line-to-line voltage during line-to-ground coupling. This voltage can be higher than the corresponding line-to-line
test level in the case of a high impedance EUT (see 7.3. for further information).

All performance characteristics stated in 6.2.2, Table 3, shall be met at the EUT port of the
CDN with the AC/DC power port left in an open-circuit condition.

6.3.3 Calibration of CDNs for interconnection lines

6.3.3.1 General

ing and decoupling elements fitted) that will be used for testing:

The residual ring wave voltage measured between the coupled lines and ground'on the |AE
sidg of the CDN, with the EUT and AE equipment disconnected, shall be measured gnd
recorded so that users of the CDN may determine if the protection is sufficient for use with a
patticular AE.

6.3.3.2 Calibration of CDNs for unsymmetrical interconnection(lines

The measurements shall be performed with the impulse applied\to one coupling path at a
time.

The¢ peak voltage, the rise time, the oscillation period and“the ratio between peaks shall|be

The peak current and the rise time shall be measured for the CDN rated impulse voltagq at

The inputs of the DN at the AE side shall;be short-circuited to PE for the impulse voltage gnd
impulse current measurement at the EUT, port.

The residual voltage value depends on the protection requirements of the AE. Therefore|no
lim|ts are given in this document.
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Table 4 — Summary of calibration process for CDNs
for unsymmetrical interconnection lines

Coupling

Measuring

AE side

EUT side

Ring wave voltage at
EUT side

Single line to PE

Single line

Peak voltage, rise
time, voltage
oscillation period,
ratio between peaks

All lines shorted to PE

Open-circuit

Ring wave current at

Single line to PE

Single line

All lines shorted to PE

Short-circuit

EUf-side

Peak current, rise
time

Ring wave voltage at
EUT side

Single line-to-line

Single line

Peak voltage, rise
time, voltage
oscillation period,
ratio between peaks

All lines shorted to PE

Open-cirguit

Ringg wave current at
EUT side

Single line-to-line

Single line

Peak current, rise
time

All lines shorted to PE

Short-circuit

Regidual voltage on
AE|side (with
profection elements)

Single line to PE

Line to PE at a time

Peak voltage

Open-ciredit

Open-circuit

saf]
an

callbration are defined in Table 5.

ration of decoupling chokes, the decoupling ‘effect of the DN part, the current capab
the coupling effect of the CN part. The>coupling method described in the ab
paffagraphs has an influence on the voltage and current wave forms. The parameters for

Th}intention of this calibration process is to check the'proper function of the components,

the
xity
ve

the
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Table 5 — Ring wave waveform specifications at the EUT port of the CDN
for unsymmetrical interconnection lines

Coupling RWG output Up,, at CDN Voltage rise Voltage I, . at CDN Current rise
method voltage :b:¢ EUT port time T, oscillation EUT port time T,
period T
+10 % +30 % +10 % +10 %

Line to PE 4 kV 4 kV 0,5 us 10 us 133,3 A 0,2 pus to 1,0 ps

CD =23 uF

Ling—te-RE A\ 4 65115 +6-1ts 1333-A 023t~ us

CD|= GDT

Ling-to-line 4 kV 4 kV 0,5 pus 10 pus 133,3 A 0,2 pstto 1,q us

CD|z 3 uF

Ling-to-line 4 kV 4 kV 0,5 pus 10 us 133,3 A 0,2 us to 1,q us

CD|= GDT

a8 it is recommended to calibrate the CDN at the highest rated impulse voltage, asthis)will minimise the effect of
the switching noise generated by CLDs and GDTs. The value shown in the table’is for a generator setting of
4 kV and 30 Q. In case the CDN is rated for another maximum impulse voltage, the calibration shall be dong¢ at
this maximum rated impulse voltage. The short-circuit peak current specifiéation shall be adapted accordinply.
For example, if the maximum voltage is 1 kV the short-circuit currentyvalue shown in this table shall| be
multiplied by 1/4.

b |Coupling via gas arrestors, clamping or avalanche devices will-show some switching noise on the impylse
waveform. Working with the highest possible impulse voltage will*minimise their impact on measurements; |t is
recommended to neglect the switching noise for the front tipmes\and duration values measurements.

¢ |The values shown in this table are for a ring wave generator with ideal values. In case the ring wave generator
generates parameter values close to the tolerances, thejadditional tolerances of the CDN may generate valpes

out of the tolerances for the ring wave generator-CDN\combination.

6.3.

Thd
vol
me

Th
vol

The¢ residual veltage value depends on the protection requirements of the AE. Therefore

lim

NO
bet
limi

3.3 Calibration of CDNs for symmetrical interconnection lines

age. The peak voltage and ‘current, the rise time and the oscillation period shall
asured at the EUT port ac¢ording to Table 6.

b inputs of the DN ‘at the auxiliary equipment (AE) shall be short-circuited to PE for
age and currentimeasurements at the EUT port.

ts are given-in this document.

[E Theopen-circuit voltage between wires of different pairs can also be measured. A differential volt
een\pairs can produce false failures in EUTs that are designed to operate in highly balanced networks,

e measurements shall be performed as indicated in Table 6 at the CDN rated impulse

be

the

no

Age
No

has been proposed for this value as the tolerance is dependent upon the design of the EUT.
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Table 6 — Summary of calibration process for CDNs
for symmetrical interconnection lines

Coupling Measuring AE side EUT side

Ring wave voltage at [Common mode — all All lines shorted All lines shorted to PE |Open-circuit — all lines
EUT side lines to PE together connect together

Peak voltage, rise

time, voltage

oscillation period, ratio

between peaks
Rlnj wdave CUITeTIU dl CUITITTTOTT IIIUdE l dii I:\ii iillﬁb b;lullﬁd I:\ii iillﬁb b;lullﬂd 119) FE I:\ii iillﬁb b;lullﬁd [e] PE
EUT side lines to PE together

Peak current, rise time
Regidual voltage on Common mode — all Each line to PE in turn |Open-circuit Opengcircuit
AE}ide (with lines to PE
profection elements) Peak voltage
The intention of this calibration process is to check the proper function-of the components, fhe
saturation of decoupling chokes, the decoupling effect of the DN part, the current capabxity
and the coupling effect of the CN part. The coupling method-described in the abgve

pa

callbration are defined in Table 7.

flagraphs has an influence on the voltage and current wave férms. The parameters for

Table 7 — Ring wave waveform specifications at the EUT port
of the CDN for symmetrical interconnection lines

the

Coupling RWG output Up,, at CDN Voltage rise Voltage I, . at CDN Current ri
method voltage 2 b ¢ EUT port time 1T, oscillation EUT port time T,

period T

£10 % £30% £10 % £10 %

Co

CD

hmon mode 2 kV 2 kV 0,5 us 10 us 66,7 A 0,2 ps to 1,0

us

It is recommended to calibrate the'CDN at the highest rated impulse voltage, as this will minimise the effect
the switching noise generated\by’CLDs and GDTs. The value shown in the table is for a generator settin
2 kV and 30 Q. In case the €DN is rated for another maximum impulse voltage, the calibration shall be don
this maximum rated impulse voltage. The short-circuit peak current specification shall be adapted accordin
For example, if the maximum voltage is 4 kV, the short-circuit current value shall be multiplied by 2.

wave. Working, with the highest possible impulse voltage will minimise their impact on measureme
however, it is tecommended to neglect the switching noise for the peak values measurements.

The valugS\shown in this table are for a ring wave 30 Q generator with ideal values. In case the ring w

generate values out of the tolerances for the ring wave generator-CDN combination.

The €D can be based upon capacitors, gas arrestors, clamping devices, avalanche devices or any method

b LT £ £ 41

Coupling via gassarrestors, clamping or avalanche devices will show some switching noise on the impt

generator~generates parameter values close to the tolerances, the additional tolerances of the CDN 1

5 of
of
b at
ply.

Ise
hts,

hve
hay

hat

1 £l taod dot £ 4 4] ol PN 41 RN H ! £
arowsS— e wahtet—aara— o e o T O TRt o— Cofr ety ana—ar—te—Same— e et e mMpPpurSt—wavey

parameters of this table.

orm

7

Test setup

71 Test equipment

Th

e following equipment is part of the test setup:

equipment under test;
auxiliary equipment when required;
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— cables (of specified type and length);
— coupling/decoupling networks;
— ring wave generator;

— reference ground plane for tests to shielded lines as described in 7.6 and Figure 11.
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 ring wave generator;
— |the CDN;

— |the interconnection cables of the test equipment.
To|verify that the system is functioning correctly, the following signal should be checked:
— |ring wave present at the output terminal of the CDN.

It i$ sufficient to verify that the ring wave is present at any level bysing suitable measurjing
eqdiipment (e.g. oscilloscope) without an EUT connected to the system.

NOTE Test laboratories can define an internal control reference value assigned to this verification procedure.
7.3l Test setup for ring waves applied to EUT power’ports

The ring wave shall be applied to the EUT power supply terminals via the capacitive coupling
necjwork (see Figure 4, Figure 5, Figure 6 and Figure” 7). Decoupling networks are required in
order to avoid possible adverse effects on equipment not under test that may be powered| by
thel same lines and to provide sufficient decoupling impedance to the ring wave wave so that
the| specified wave may be applied on the lines under test.

The selection of the CDN specificatioprfrom Table 3 shall be made to match the current rating
of the EUT (for example: an EUT-rated at 5 A shall be tested using a CDN fulfilling the
spégcifications of a 16 A rated CBDN). Any higher current rated CDN can be used if it meets the
spégcification requirements inTable 3 for the relevant lower current rating of the EUT (for
exgmple: a CDN rated 63 ‘Arc¢an be used for testing an EUT rated at 5 A, if it meets fhe
spégcification requirements\of a 16 A rated CDN).

If not otherwise specCified the power cord between the EUT and the coupling network shall hot
exgeed 2 m in length.

For the purposé of generating the specifications within this document, power ports have bgen
considered:to be those ports directly connected to either an AC mains supply or a DC mains
supply (distribution network).

Product commitiees may decide that power poris not connecfed to disfribuiion nefworks
require testing according to this document using a CDN defined in 6.3.3.

DC mains supply ring wave testing is applied between the lines (e.g. 0V to -48 V) and
between each line in turn and ground (e.g. 0 V to ground and -48 V to ground).

No line-to-ground ring waves are applied for double-insulated products (i.e. products without
any dedicated earth terminal).

Product committees may decide if line-to-ground ring wave testing is applicable to
double-insulated products with earthed connections other than PE.
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Test setup for ring waves applied to unshielded unsymmetrical interconnection
lines

The CDN shall not influence the specified functional conditions of the circuits to be tested.

An

example of a coupling network is given in Figure 8.

If not otherwise specified, the interconnection line between the EUT and the coupling network
shall not exceed 2 m in length.
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bout 300 V for a gas arrestor with a rated voltage of 90 V) cannot be specified:

ot otherwise specified the interconnection line between the EUT and the coupling netw|
Il not exceed 2 m in length.

ring wave testing to high speed interconnection-lines, no ring wave test shall be appl
en normal functioning cannot be achieved becadse’ of the impact of the CDN on the EUT

line-to-ground ring waves are applied for ‘double-insulated products (i.e. products with
dedicated earth terminal).

Test setup for ring waves applied to shielded lines

b EUT is isolated from groundCand the ring wave is applied to its metallic enclosure;
ination (or auxiliary equipment) at the port(s) under test is grounded. This test applies
ipment with one or more shielded cables (see Figure 11).

[E 1 The reference ground plane mentioned in Figure 11 represents a low impedance reference. A dedic
e or a metal plate can.be' used.

connections ¢o“the EUT other than the port(s) under test shall be isolated from ground
able meanstsuch as safety isolating transformers or a suitable decoupling network.

line-te=ground ring waves are applied for double-insulated products (i.e. products with
dedicated earth terminal).

put

oint

line-to-ground ring waves are applied for double-insulated products (i.e. products with
dedicated earth terminal).
Test setup for ring waves applied to unshielded symmetrical interconnection
lines
mples of coupling networks for symmetrical interconnection lines are given in Figure 9 and
ure 10.
[E If coupling arrestors are used, test levels below the ignition point of the cquptling arrestor (the ignition p

prk

ied

put

the
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by

put

The length of the cable between the port(s) under test and the device attached to the other
end of the cable (AE in Figure 11) shall be:

20 m (preferred length), or

the shortest length over 10 m, where the manufacturer provides pre-assembled cables

used in actual installations.

No test shall be required for cables which according to the manufacturer’s specification are

<1

0 m.

The cable between the EUT and the AE shall be non-inductively bundled or wound as a bifilar
coil and shall be placed on an insulated support.
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Rules for application of the ring wave to shielded lines:

a) Shields grounded at both ends:
— the test shall be carried out according to Figure 11.
b) Shields grounded at one end:

— the test shall be carried out according to 7.4 or 7.5 (see Figure 3) because the shield
does not provide any protection against ring waves induced by magnetic fields.

NOTE 2 In this case, ring wave testing is not applied to the shield.

Fogr EUTs which do not have metallic enclosures, the ring wave is applied directly to the
shiglded cable at the EUT side.

Ring wave tests do not apply to antenna ports (see Table B.2).

Safety isolation transformer or Safety isolation transformer or
decoupling network decoupling\network
L L
N Connection point for N
PE non-metallic enclosure PE
EA \
— L =20 f d —
= m (preferred) \ eUT —
S p v SR S @ h Ring wave
round removedi,..... generator

g during test == | ]
e g et

Reference ground plane
Insulating 9 P

support 1EQ

It ig permissible for the power to the EUf\and/or the AE to be provided via a decoupling network, rather than| via
the [isolating transformer shown. In this case, the EUT's protective earth connection should not be connected to|the
decpupling network.

DC upplied EUT and/or AE should be powered through the decoupling networks.

Where it is necessary to isolate the AE equipment from the ring wave, the ground connection on the AE side of|the
cable under test may be achieved by connecting directly to the connector shield rather than the AE chassis. Where
further insulation is required and the cable may be extended without impacting the integrity of the shield (e.g. uging
a cpaxial barrel cohnector or a shielded Ethernet cable coupler) the connection to ground may be made to|the
shigld of the extension coupler. In this case the length of the cable is measured between the EUT and the coupler
and|not betweenithe EUT and AE. The cable length between the coupler and AE is not critical.

Figure 11 — Example of test setup for ring waves applied to shielded lines

7.7— Protective sarthrconmection

Ring wave tests may be performed without an RGP in order to satisfy national safety
regulations. However, repeatability may be affected. When testing is performed without the
RGP, it is important to minimise coupling to other conductors (including protective earth
conductors) and equipment not intended to be part of the test configuration.

To accomplish this, protective earth (PE) of each unit (test generator, coupling/decoupling
network and EUT) is connected to the PE input terminal of the coupling/decoupling network.

It is also necessary that the test generator case shall be connected to the PE, but the
generator output terminals shall be floating.
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Test procedure

General

The test procedure includes:

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

tne execution or the 1est,

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

rd,
of
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ect

8.21 Laboratory reference conditions

8.201 Climatic conditions

Unless otherwise specified by the committee responsible for the generic or product standg
the] climatic conditions in the laboratory shall be within any limits specified for the operatior
thel 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
thel EUT or the test equipment.

8.2.2 Electromagnetic conditions

ThI electromagnetic conditions of the laboratorysshall be such as to guarantee the cory
opé¢ration of the EUT so as not to influence the test'results.

8.3 Execution of the test

Vetification shall be performed. It is _pteferable to perform the verification prior to the test
(sefe 7.2).

The test shall be performedsaccording to a test plan which shall specify the test set
including:

o |[test level;

number of impulSes (for each coupling path):
number of ring*wave impulses unless otherwise specified by the relevant standard:

— for D€ /power ports and interconnection lines five positive and five negative ring wave

impulses;

— _ forAC power ports five positive and five negative impulses each at 0°, 90°, 180° ang
270°;

at

time between successive impulses: 1 min or less;

representative operating conditions of the EUT;

EUT ports to be tested;

test generator and the internal impedance selected for each test;

applied test levels.

Power ports (AC or DC) can be input ports or output ports.

Ring waves to output ports are recommended in applications where ring waves are likely to
enter the EUT via those output ports (e.g. switching of loads with large power consumption).
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When testing three-phase systems, the synchronization of phase angles shall be taken from
the same line under test, for example when applying ring wave impulses between L2 and L3,
the phase angle synchronization shall be the voltage between L2 and L3.

No synchronization is applied in case of absence of mains supply voltage between the
coupled lines, for example between N and PE in TN-S power distribution systems. In this
case, five positive impulses and five negative impulses shall be applied.

Ring waves to low voltage DC input/output ports (< 60 V) are not applied when secondary
circuits (isolated from the AC mains) are not subject to transient overvoltages
(i.€l. reliably-grounded, capacitively-filtered DC secondary circuits where the peak-to-p¢ak
ripple is less than 10 % of the DC component).

NOTE 1 In the case of several identical circuits, representative tests on a selected number of \circuits car| be
sufffcient.

If testing done at rates faster than one per minute causes failures and tests| done at one per
minute do not, the test done at one per minute prevails.

NOTE 2 Product committees can select different phase angles and either increase ‘or reduce the number of fing
waVes per phase if appropriate for their products.

NOTE 3 Most protectors in common use have limited average power capabilities even though their peak powdr or
peak energy handling capabilities can deal with high currents. Therefore,the-time between two ring waves depgnds
on the built-in protection devices of the EUT.

NOTE 4 Further information on the application of the tests is given in“Clause C.2.

WHen testing line-to-ground, the lines are tested individually in sequence, if there is no other
sp¢gcification.

The test procedure shall also consider the“non-linear current-voltage characteristics of the
equiipment under test. Therefore all lower test levels (see Table 1) including the selected fest
level shall be tested.

9 | Evaluation of test results

The¢ test results shall be_classified in terms of the loss of function or degradation| of
pefformance of the equipment under test, relative to a performance level defined by|its
ma}wufacturer or the~requestor of the test, or agreed between the manufacturer and fhe
putlchaser of the product. The recommended classification is as follows:

a) | normal perfermance within limits specified by the manufacturer, requestor or purchaser

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

c) temporary 0SS of tunction or degradation ol performance, the correction o1 which requires
operator intervention;

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

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

This classification may be used as a guide in formulating performance criteria, by committees
responsible for generic, product and product-family standards, or as a framework for the
agreement on performance criteria between the manufacturer and the purchaser, for example
where no suitable generic, product or product-family standard exists.
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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 in Clause 8 of this document;

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

uct

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

any special environmenial conditions in which the iest was performed, for exam
shielded enclosure;

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

the rationale for the pass/fail decision (based on the performange._criterion specified in
generic, product or product-family standard, or agreed betweén-the manufacturer and
purchaser);

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

test configuration (hardware) including the couplingrmethod used,;

test configuration (software).

ple

ce,

the
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or
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Annex A
(informative)

Information on electromagnetic environments,
installation classes and test levels

The relevance of the ring wave phenomena for immunity testing depends on the
electromagnetic environment where equipment is intended to be operated. Based on common
installation practices which are representative for the electromagnetic environment
co ; f f f i he
following classification. According to the description of the ring wave phenomenon (see-4|1),
cts of switching and of lightning are considered.

Clgss 0 Well-protected electrical environment, often within a special room._ All* incomjing
cables are provided with overvoltage (primary and secondary) protection. The units
of the electronic equipment are interconnected by a well-desjgned groundfing
system, which is not significantly influenced by the power installation or lightni
The electronic equipment has a dedicated power supply (see Table B.1).

Clgss 1 Switching: the power supply port of the EUT is connected to” protected local power
source (for example uninterruptible power system, power-converter). The cableg of
EUT input/output ports run in parallel with power cable$ of this class.

Lightning: power supply, input/output ports of €quipment are installed in paftly
protected areas (for example in a control room)

The requirements of this class are covered by test level 1 as defined in Table 1.

Clgss 2 Switching: the power supply port of theNEUT is directly connected to the public
mains distribution systems of the residential area or is decoupled from a privpte
mains power distribution system through isolation transformers, protection devices,
etc. The cables of EUT input/output ports run in parallel with power cables of this
class.

Lightning: power supply, input/output ports are connected to shielded cables.
The requirements of this ctlass are covered by test level 2 as defined in Table 1.

Clgss 3 Switching: the power ‘supply port of the EUT is connected to dedicated poyer
distribution systems" in electrical and industrial plants. The cables of HUT
input/output ports;run in parallel with power cables of this class.

Lightning: the_power supply port is connected to unshielded cables; power supply,
input/outputyports connected to outdoor cables are provided with mitigafion
measurés, (for example, metallic cable trays).

Thesequirements of this class are covered by test level 3 as defined in Table 1.

Clgss 4 Switching: the power supply port of the EUT is connected to power sourges
characterized by switching of heavy inductive loads in electrical and industrial
plants. The cables of EUT input/output ports run in parallel with power cableq of
this class.

Lightning: power supply, input/output ports are connected to outdoor cables without
shielding provisions.

The requirements of this class are covered by test level 4 as defined in Table 1.

Class 5 Switching: electronic equipment connected to telecommunication cables and
overhead power lines in a non-densely populated area.

Lightning: All these cables and lines are provided with overvoltage (primary)
protection. Outside the electronic equipment there is no widespread grounding
system (exposed plant). The interference voltages due to lightning (currents up to
100 kA) can be extremely high.

The requirements of this class are covered by test level 4 as defined in Table 1.
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Class X 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 a higher or lower test level 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.

A manufacturer should test its equipment on the basis of the specified test levels to canfijrm
thel equipment level immunity, for example with secondary protection at the ports of ther HUT
for|a level of 0,5 kV. The users of the plant or those responsible for the installation should
theln apply measures (e.g. shielding, bonding, grounding protection) necessary td\ensure that
the| interference voltage caused by, for example, switching does not exceed the chogen
immunity level.

The¢ above selection of test levels in terms of electromagnetic environments should be usged
as |a guide only. There might be cases where a location might be~assigned to one of fhe
above types of electromagnetic environments but due to the,features of the equipmpnt
concerned or other circumstances a different test level than that associated to that typq of
electromagnetic environment might be more appropriate. Carresponding assessment shojuld
be [done by the parties involved (e.g. product committees).
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Annex B
(informative)

Selection of generators and test levels

B.1 General

The selectlon of the test levels should be based on the installation cond|t|ons and may be

B.2 The classification of environments

The classification of environments is listed as follows:

Clgss 0: Well-protected electrical environment, often within a speeial room

Clgdss 1: Partly protected electrical environment

Clgss 2: Electrical environment where the cables are well*s€parated, even at short runs
Clgss 3: Electrical environment where cables run in parallel

Clgss 4: Electrical environment where the interconnections run as outdoor cables along with
power cables, and cables are used for.béth electronic and electric circuits

Clgss 5: Electrical environment for electroniéiequipment connected to communication cablles
and overhead power lines in a nonsdensely populated area

Clgdss x: Special conditions specified in\thre product specification

To| demonstrate the system level\immunity, additional measures relevant to the acﬂual
insfallation conditions, for examplé)primary protection, should be taken. Additional informatjon
is given in Annex C.

B.3 The definition of port types
The following ports are defined:

Intla-system<port:

e |The-part is connected to ports within the same system.

Int¢rnal port:

e Only connected to cables within the same building.

e The port is not intended to provide a service that can be directly connected to an outdoor
connection.

e The port will not have a conductive connection to a cable which leaves the building via
other equipment (e.g., via a splitter).

External port:

e The port is intended to connect directly to lines which exit a building.

e The port has a conductive connection to a cable which leaves the building via other
equipment (e.g., via a splitter).


https://iecnorm.com/api/?name=c9be3710b9d3440040167a86000a757b

- 36 — IEC 61000-4-12:2017 © IEC 2017

B.4 Selection of the test levels
Examples of the selection of test levels are given in Table B.1 and Table B.2.

Table B.1 — Power ports: Selection of the test levels
(depending on the installation class)

Installation Test levels (kV)
class AC power supply AC power supply DC power supply DC power supply
and AC |/O and AC /O and DC /O and DC 1/O

external ports 2 internal ports 2 external ports 2 internal ports.2\d

Coupling mode Coupling mode Coupling mode Coupling mode
Line-to- Line-to- Line-to- Line-to- Line-to- Line-to- Line-tos Line-tq-
line ground line ground line ground ling groung

0 NA NA NA NA NA NA NA NA

1 NA 0,5 NA NA NA NA NA NA

2 0,5 1,0 NA NA NA Nan NA NA

3 1,0 2,0 1,0 2,0 NA NA NA NA

4 2,0° 4,0° 2,0b 4,0° 2,0b 40° 2,0b 4,0°

5 eb e b 2,0° 4,0° 2,05 4,0° 2,0° 4,0°

@ | No test is advised if the cable length is shorter than or equal to 10. m®

Where the port is always intended to be used with specified ggrimary protection, testing is performed with the
primary protection in place to ensure coordination with shes protection elements. If primary protection|is
required to protect the interface but not provided, testing’isvalso performed at the maximum let through leyel
of the specified primary protection and with a typical primary protector.

¢ | Depends on the class of the local power supply system.

The testing of intra-system ports is generally not\wrequired.
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Table B.2 — Circuits/lines: Selection of the test levels
(depending on the installation class)

Installation Test levels (kV)
class U ical d S ical d
nsymmetrical operate ymmetrical operate Shielded circuits/lines 2 & ©
circuits/lines % circuits/lines ' ©

External port | Internal port | External port | Internal port | External port | Internal port

Line-to-| Line-to- [Line-to-| Line-to- [Line-to-| Line-to- |[Line-to-|Line-to- |Line-to-| Line-to- [Line-to-| Line-to-

line ground line ground line ground line ground line ground line ground
0 NA NA NA NA NA NA NA NA NA NA NA NA
1 NA NA NA 0,5 NA NA NA 0,5 NA NA NA NA

NA NA 0,5 1,0 NA NA NA 1,0 NA NA NA 1.p

NA NA 1,0 2,0 NA NA NA 2,0 NA NA NA 2,p

2
3
4 2,0° | 4,0° | 2,0 | 40° NA 4,0° NA 4,0° NA 4,0 NA 4,9°
5 2,0° | 4,0° | 2,0 | 40° NA 4,0° NA 4,0° NA 4,0° NA 4,9°

2 INo test is advised for data connections intended for cables shorter than 10 m.

Where the port is always intended to be used with specified primary protection, \testing is performed with [the
primary protection in place to ensure coordination with the protection elements. If primary protection is
required to protect the interface but not provided, testing is also performed-at'the maximum let through level of
the specified primary protection and with a typical primary protector.

¢ |Line-to-line transients (transverse) may occur in networks wher€ /SPDs (surge protective devices) With
connection to ground are used for protection. Such ring waves are ‘outside the scope of this document. This
phenomenon can however be simulated by applying common mode ring waves through the defined primary
protection elements.

The testing of ports connecting to antennas is outside thesscope of this document.

The testing of intra-system ports is generally not required.
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Annex C
(informative)

Explanatory notes

C.1 Different source impedance

The selection of the source impedance of the generator depends on the kind of

ca
un
ne

C.2 Application of the tests

C.21 Equipment level immunity

The test is intended to be carried out in the laboratory on a single"EUT. The immunity of

EU

Prgferential ranges of test levels are given in Table B.1 and’ Table B.2. The ring wave tes|
applicable to external connections only (i.e. connections éutside of the cabinet/housing).

Iti
EU

€q

thel protection measure.

C.2.2 System level immunity

At

neg¢essarily assure the immunity of a system which contains that EUT. In order to ens
syqdtem level immunity, -a test at the system level is recommended to simulate the 1

ins
ind
if t
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aff

If m is possible to test at the system leveb (see C.2.2), it is not necessary to test at

hielded interconnection lines, etc. and on the expected impedance of the power sup
ork depending on the proximity to the power supply source (e.g. generator, transform
6.1.2).

T thus tested refers to equipment level immunity.

5 highly recommended that the test voltage does.not exceed the specified capability of
T's insulation to withstand high-voltage stress.

ipment level, especially in cases where*the shield of the interconnection cable is par

est carried out in the laboratory refers to an EUT, but immunity at the EUT level does

allation as closely\ras possible. This simulated installation should be comprised
jvidual EUTs and _should also include protective devices (surge protective devices (SPO
hey are requested by the system application manual or stipulated by the system/netw
rator. The_real length and type of interconnection lines should be used, all of which co
ct the overall system protection level.
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D.1

Annex D
(informative)

Measurement uncertainty (MU) considerations

General

In ¢rder to evaluate MU it is necessary to:

c)
d)

In
dis
de
sta

obtain an estimate and standard uncertainty of the, input quantities,

of an impulse with an oscilloscope by using a voltage or current probe). The“tesul{ of

h measurement includes a certain amount of measurement uncertainty (MU), due to the
erfection of the measuring instrumentation as well as to the lack of repeatability of the
mejasurand itself.

identify the sources of uncertainty, related both to the measufing instrumentation and to
the measurand,

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

obtain an estimate of the interval containing, with a*high level of confidence, the true vallue
of the measurand.

immunity tests estimates and uncertainties are evaluated for the parameters of fhe
urbance quantity (e.g. rise time, peak _and oscillation period). As such, they describe the
ree of agreement of the disturbance quantity with the relevant specifications of this bgsic
dard.

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

deq

cribe the degree of agreement between the simulated electromagnetic phenomenon,|as

deflined in the basic standard,-and the real electromagnetic phenomenon in the world outs|de

the)

Sin
an

laboratory.

ce the effect of the ‘parameters of the disturbance quantity on the EUT is a priori unkndwn

in most cases_the EUT shows a nonlinear behaviour, a single estimate and uncertainty

numbers cannet\be defined for the disturbance quantity. Therefore each of the parameterg of
thel disturbanee quantity will be accompanied by the corresponding estimate and uncertainty.

Thi

D.

yields\to' more than one uncertainty budget.

Legend for ring wave parameters

Ty
T

Pk
Phy
Phy
Pky

rise time of the ring wave (voltage or current, 10 % to 90 %)

period of the ring wave (voltage, time interval between the first and third zero crossings
after the initial peak)

first peak of the ring wave (voltage or current)
second peak of the ring wave (voltage)

third peak of the ring wave (voltage)

fourth peak of the ring wave (voltage)

NOTE The meaning and the relations among the symbols u(x;), ¢;, u(y), u,(»), U(y) and y are explained in
IEC TR 61000-1-6.
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D.3 Uncertainty contributors to the ring wave 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
shape of the impulse response of the measuring system

oscilloscope vertical axis measurement error

D.

D.4

In

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

calibration of voltage and current probes
}  Uncertainty of the generator output voltage and current measurement

1 General

he case of the ring wave immunity test, the disturbance quantities are the impulse voltage

and current generated by the test generator plus CDN combination and applied to the EUT.

As
dis

fir
deq
wa
wa
fre
wa

Th

discussed in Clause D.1, an uncertainty budget for gaeh measured parameter of the
urbance quantity is required. The parameters of these ‘disturbance quantities are the 1lise

tirr;r T, of the (open-circuit) voltage and (short-circuit) current waveforms, the amplitude of the

peak Pk, of the voltage and current waveforms{ the voltage waveform frequency 1/T,
aying of voltage waveform (ratio between Pksyand Pk, Pky and Pk,, Pks and Pksz) and
beform repetition frequency. The evaluation of the measurement uncertainty of the voltage
veform frequency, the decaying of the wvoltage waveform and the waveform repetifion
juency, although required, are less demanding. Therefore attention is focused here on fhe
veform rise time and peak (both voltage‘and current).

p approach adopted here to evaluate the impulse MU is described in D.4.5 and D.4.6.

Ta

pe
th

ble D.1 and Table D.2 give examples of uncertainty budgets for the amplitude of the 1Irst
k and the rise time parameters, respectively. Tables 1 and 2 include the input quantifies
are considered most sighificant for this example, the details (numerical values, typd of

prgbability density function, etc.) of each contributor to MU and the results of the calculatipns

re

D.4

uired for determining the uncertainty budget.

.2 Rise time of the ring wave

The¢ measurand*is the ring wave open-circuit voltage and short-circuit current rise time

cal

culated byusing the functional relationship

Ty = 1‘/(anan — Tynos + RV _T:nio

where

and:

T199, time at 10 % of the first peak amplitude

Tgg o, time at 90 % of the first peak amplitude

OR

correction for non-repeatability
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Tys  rise time of the step response of the measuring system (10 % to 90 %)
B -3 dB bandwidth of the measuring system
a coefficient whose value is 360 + 40 (B in kHz and Tg in ps)
Table D.1 — Example of uncertainty budget for ring wave rise time (7,)
Probab.ility .
Symbol | Estimate | Unit pror Unit E e u(x) c Unit u (y) Unit
(PDF)
T, 0,07 us 0,005 0 us triangular 2,45 0,002 0 -1,001 1 0,002 0 us
90 % 0,64 us 0,005 0 us triangular 2,45 0,002 0 1,001 1 0,002 0 Ws
R 0 us 0,025 us normal (k=1) | 1,00 0,025 1,001 1 0,026 is
a 360 pus-kHz 40 pus-kHz rectangular 1,73 23,1 —1,58-10’6 1/kHz 04000 04 Hs
B 20 000 kHz 500 kHz rectangular 1,73 288,7 2,84-‘10’a pus/kHz 0,000 01 Hs
u (v) = Nz (v)? 0,025 2 s
Uly) =2 uc(y) 0,05 Us
y 0,57 Ys

T1d o> Too o,: is the time reading at 10 % or 90 % of the first peak.amplitude. The error boynd

\v24

OR:

is obtained assuming a sampling frequency of 108CMS/s and trace interpolation
capability of the scope (triangular probability 'density function). Were this pot
the case, a rectangular probability density function should be assumed. Qnly
the contributor to MU due to the sampling rate is considered here, |(for
additional contributors see D.4.5. {The readings are assumed to |be
T10 % = 0,07 us and Tgo % = 0,64 MS.

is the calculated rise time of thexstep response of the measuring system. The
coefficient o depends on the shape of the impulse response of the measuring
system. The range 360 + 40.is)representative of a wide class of systems, each
having a different shape of.:the impulse response (see D.4.5 and Table DIS).
The bandwidth B of thei*measuring system can be experimentally obtaiped
(direct measurement of-the bandwidth) or calculated from the bandwidth B| of
each element of the measurement system (essentially a voltage and current
probe, a cable andva scope) by using the following formula:

1 (1) (1Y

— == +| =] +...

B By By
An.estimate of 20 MHz and a 500 kHz error bound of a rectangular probabllity
density function are assumed for B.

is the 10 % to 90 % rise time non-repeatability. It quantifies the lack| of
repeatability in the measurement of Tg4. — T4p9, due to the measuling

instrumentation, the layout of the measurement setup and the ring wave
et —tH—ts—d e , Frris— i ITion

based on the formula of the experimental standard deviation s(g,) of a sample
of n repeated measurements g and given by

% I W of P

n-—1 =

where 5 is the arithmetic mean of the qj values. An error bound s(g,) = 25 ns

(1 standard deviation of a normal probability density function) and an estimate
of 0 ns are assumed.
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NOTE For the open-circuit voltage and short-circuit current the uncertainty budgets are similarly obtained. In the
case of the voltage waveform 7, includes the bandwidth of the voltage probe, while it includes the bandwidth of
the current probe in the case of the current waveform. The functional relationship is the same in both cases.

D.4.3 Peak of the ring wave

The measurand is the first peak of the short-circuit current of the ring wave obtained by using
the functional relationship

v
Py = Ek1 ) 1+R + oV

)

Vpk1 impulse voltage peak reading

Zt transfer impedance (or sensitivity) or the current probe or shunt
OR correction for non-repeatability

ov DC vertical accuracy of the scope

B - 3 dB bandwidth of the current measuring system

B coefficient whose value is (142 + 16) kHz

Table D.2 — Example of uncertainty budget for the peak

of the short-circuit current of the ring wave (Ipy4)

Syfnbol | Estimate | Unit bEJL::L Unit Pr?::;ii?:(ﬁ;‘:)ni ‘%?li/sor u(x,) <, Unit u(y) nit
- 0,321 0,000 6 triangular 2,45 0,000 26 1000 1/Q 0,256 A
- 0,001 Q 0,000 05 Q rectangular 1,73 0,000 03 3,21-10° AIQ 9,267 A
R 0 1 0,03 1 normal“(k=1) 1,00 0,030 321,0 A 9,630 A
Vv 0 1 0,02 1 Fectangular 1,73 0,011 6 321,0 A 3,707 A

142 kHz 16 kHz rectangular 1,73 9,238 2,3-107* Al/kHz 0,002 11 A

1B 20 000 kHz 500 kHz rectangular 1,73 288,7 -1,6-10° Al/kHz 0,000 47 A
u (v) = Nzu(v)? 13,87 A

Uy) =2 uc(y) 27,7 A

y 321 A

Expressed in % of 321 4 8,6 %

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

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

OR:

ov:

actimatad valiia Af 0 001 O and an arrar bhaotind of B 0/ (roctanaular neahaoh ||t
ostimated—value—of-0.004+-0and—an—error—bound—of-5-%(resctangutar—prebabllity

density function) are assumed.

quantifies the non-repeatability of the measurement setup, layout and
instrumentation. This is a type A evaluation based on the formula of the
experimental standard deviation. It is expressed in relative terms and an estimate
of 0 % and an error bound of 3 % (1 standard deviation) are assumed.

quantifies the amplitude measurement inaccuracy of the scope at DC. A 2 % error
bound of a rectangular probability density function and an estimate of 0 are
assumed.

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.4.6). The interval (142 + 16) kHz is representative of a wide class of
systems, each having a different shape of the impulse response.
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B:

An

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 measurement system (essentially a current probe or shunt, a ca
and a scope) by using the following formula:

SO

ble

ion

arg

NO
wheg
the

D.4
Tin

rec

Ve
the
(44
pra
use

D.4

Let

wh

i.e.

estimate of 20 MHz and a 500 kHz error bound of o rnr\fnngnlar prnhnhilif\ll rh:ncify funct

assumed for B.

[E The uncertainty of the peak the ring wave voltage is obtained by using a similar functional relation
re the reciprocal of the attenuation of the voltage probe is considered in place of Z; and B is the bandwidt
oltage measuring system (voltage probe, cable and oscilloscope).

4 Further MU contributions to time measurements

ne base error and jitter: the oscilloscope specifications may be taken as error boundsg
tangular probability density functions. Usually these contributions(are negligible.

rtical resolution: the contribution depends on the vertical .amplitude resolution 44 and
12)/(dAldt). If trace interpolation is performed (see the“oscilloscope manual) a triangu

bability density function is used, otherwise a rectangular probability density function
d. This contribution is often negligible.

measuring system

Tws be the rise time of the step response of the measuring system as defined by

0

ere hy(¢) is the impulse response of the measuring system having a normalized ar|

.[ho(t)dt =1, afd) T, is the delay time given by
0

Tyvs = ZEJ.(t—TS)Z-ho(I)dZ (0.

h of

of

on

slope of the trace d4/dt. The uncertainty is related to the’half width of the resolution and is

ar
is

.5 Rise time of the step response and bandwidth of the frequency response of fhe

2)

Ty = It-ho(t)dt (0

Formula (D.1) is much more easy 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 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

we find that the o 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 A(¢), are given in
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Table D.3. It is evident from Table D.3 that it is not possible to identify a unique value of o
since « depends both on the adopted definition of the rise time (e.g. based on thresholds or
on Formula (D.1)) and on the shape of the impulse response of the measuring system. A
reasonable estimate of « can be obtained as the arithmetic mean between the minimum
(321-1073) and maximum (399-1073) values that appear in Table D.3, that is 360-1073.
Further, it can be assumed that, if no information is available about the measuring system
apart from its bandwidth, any value of a between 321-1073 and 399-1073 is equally probable.
Differently stated, « is assumed to be a random variable having a rectangular probability
density function with lower and upper bounds 321-1073 and 399-1073, respectively. The
standard uncertainty of « quantifies both:

e) [the indifference to the mathematical model adopted for the definition of the rise time~and
f) |the indifference to the shape of the impulse response of the system.

Table D.3 — « factor (Formula (D.3)) of different unidirectional impulse
responses corresponding to the same bandwidth of the system B

Values of o are multiplied by 10% | Gaussian | | order | Il order (crit. damp.) | Rectangular | Triangular
a + using Formula (D.1) 332 399 363 321 326
at 10 % to 90 % 339 350 344 354 353

D.4.6 Impulse peak and width distortion due to the-limited bandwidth of the
measuring system

The distorted impulse waveform V, (¢) at the output of the measuring system is given by the
convolution integral

t

Vogilr) = [ Vin(eJile — 2z (d-4)

0

where 7;,(¢) is the input impulse waveform and i(z) is the impulse response of the measuring
syqtem. Note that 4-h(f)=kg(#), where 4 is the DC attenuation of the measuring system. The
input waveform can be approximated by its Taylor series expansion about the time instant Io
when the input reaches\its peak value Vo

V)=V, + Vir’zttp)(t—tp)z + Vi?{étp)(t—tp)3 o (0.5)

Note that' the first order term is missing from Formula (D.5) since V"(tp) = 0. Further Vi;’,(tp) <0

bedtause—the—concavity—points—downwards—{maxHnt)-—and T"’(f \sﬁ because—for—the
y—° T 77 fmep 7 7

standard waveforms of interest here, the rise-time is lower than the fall time. Substituting
Formula (D.5) by Formula (D.4) 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

V. 2
Vod :f{w(%j ] (D.6)

where Vod is the output impulse peak, 4 is the DC attenuation of the measuring system and
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#ia o )

=«
47rVp

(D.7)

Note that the parameter f depends on the second derivative of the standard input waveform
and on the parameter « defined and derived in D.4.5. The mathematical expression for the
standard ring waveform is given in 4.1 and the value is numerically calculated as
B =(142 + 16) kHz.

D.% pplication or uncertainties In e ring waverorm compliance criterion

In prder to provide evidence that the ring wave generated is compliant with the requirements
of this document, the calibration results should be compared with the tolerances)specified| by
thig document. Tolerances shall not be reduced by MU.

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

COMPATIBILITE ELECTROMAGNETIQUE (CEM) -

Partie 4-12: Techniques d'essai et de mesure —
Essai d'immunité a ’'onde sinusoidale fortement amortie

AVANT-PROPOS

| a Commission Electrotechnique Internationale (IEC) est une organisation mondiale de, normalisg
Composée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEG)."L’'IEC a {
bbjet de favoriser la coopération internationale pour toutes les questions de normalisation‘'dans les doma
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La Norme internationale IEC 61000-4-12 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 4-12 de I'lEC 61000. Elle a le statut de publication fondamentale en
CEM en accord avec le Guide 107 de I'lEC.

Cette troisieme édition annule et remplace la deuxiéme édition parue en 2006. Cette édition
constitue une révision technique. Cette édition inclut les modifications techniques majeures
suivantes par rapport a I'édition précédente:

a) ajout d’'une modélisation mathématique de forme d’onde sinusoidale fortement amortie;
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b)

c)
d)
e)
f)
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ajout d’'une nouvelle Annexe B relative a la sélection des générateurs et des niveaux

d’essai;

ajout d'une nouvelle Annexe C relative aux notes explicatives;
ajout d'une nouvelle Annexe D relative a I'incertitude de mesure;
ajout d’'un RCD a grande vitesse;

ajout d’'une procédure d’étalonnage pour le RCD.

Le

texte de cette Norme internationale est issu des documents suivants:
CDV Rapport de vote
77B/764/CDV 77B/774/RVC

rapport de vote indiqué dans le tableau ci-dessus donne toute information surle vote ay

abouti a I'approbation de cette norme.
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INTRODUCTION

L'IEC 61000 est publiée sous forme de plusieurs parties conformément a la structure
suivante:

Partie 1: Généralités

Considérations générales (introduction, principes fondamentaux)

Défimitiomns, termminotogie
Partie 2: Environnement
Degcription de I'environnement

C

gssification de I'environnement

Nileaux de compatibilité

Partie 3: Limites

Linites d'émission

Limites d'immunité (dans la mesure ou elles ne relévent pas des comités de produits)
Partie 4: Techniques d'essai et de mesure
Teg¢hniques de mesure

Tet¢hniques d'essai

Partie 5: Guides d'installation-et d'atténuation
Gujdes d'installation

Méthodes et dispositifs d'atténuation

Partie 6: Normes génériques

Partie 9: Divers

Chague partie est—a SO tour SUbOiVISEE enm pIuSieurs parties, pubtiees Soit Comme normes
internationales soit comme spécifications techniques ou rapports techniques, dont certaines
ont déja été publiées comme sections. D’autres seront publiées avec le numéro de partie,
suivi d’un tiret et complété d'un second numéro identifiant la subdivision
(exemple:IEC 61000 6-1).

La présente partie est une Norme internationale qui donne les exigences d’immunité et les
procédures d’essai relatives aux ondes sinusoidales fortement amorties. Il convient de noter
que I'édition 1 de I'IEC 61000-4-12, parue en 1995, couvrait deux phénoménes en relation
avec les essais d’'immunité: les ondes sinusoidales fortement amorties et les ondes
oscillatoires amorties. Cette situation a changé avec la parution, en 2006, de I'édition 2 de
I'IEC 61000-4-12, qui traitait uniguement des ondes sinusoidales fortement amorties, les
ondes oscillatoires amorties étant traitées dans une nouvelle norme, I'lEC 61000-4-18.
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COMPATIBILITE ELECTROMAGNETIQUE (CEM) -

Partie 4-12: Techniques d'essai et de mesure —
Essai d'immunité a ’'onde sinusoidale fortement amortie
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Leg

présente partie de I'lEC 61000 traite des méthodes d'essai des matériels électriques

isoidales fortement amorties se manifestant sur les alimentations basse tension ainsi (¢
les lighes de commande et de signal raccordées aux réseaux publics ou privés.

présent document a pour objet d'établir une référence commune dans“le but d'éval

ement amorties. La méthode d’essai documentée dans la présentéeypartie de I'lEC 61(
rit une méthode cohérente en vue d'évaluer l'immunité d'uncmatériel ou d'un systé
a-vis d'un phénoméne défini.

[E Comme décrit dans le Guide 107 de I'lEC, il s’agit d’'une publication"fondamentale en CEM pour utilisg
les comités de produits de I'lEC. Comme indiqué également dans ‘€ Guide 107, il incombe aux comitég
uits de I'lEC la responsabilité de déterminer si la présente norme\d’essai d'immunité est appliquée ou nof
est le cas, il incombe aux comités de produits de définir les criteres de performances correspondants e
sir les niveaux d’essai d'immunité appropriés. Le comité d’études 77 et ses sous-comités sont préts a coop
L les comités de produits a I’évaluation de la valeur ded’essai d'immunité et des niveaux d’essai d’'immu
iculiers pour leurs produits.

présent document définit:

la tension d'essai et les formes d'ondes’de courant;
une plage de niveaux d’essai;

le matériel d'essai;

les montages d'essai;

les procédures d'essail

Références normatives

documents.\ci-aprés, dans leur intégralité ou non, sont des références normati

et

ctroniques dans leurs conditions d'exploitation et des exigences d'immunité atx-ondes
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munité des matériels électriques et électroniques soumis a des|yOndes sinusoiddles

00
me

tion
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et,
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es

indjspensables™a l'application du présent document. Pour les références datées, selule

I'éq
réf

ition citée s'applique. Pour les références non datées, la derniére édition du document
brences'applique (y compris les éventuels amendements).

de

IECB0050 (foutes 165 parties), vocabulaire Electrotechnique International (1E V) (disponibl

I'adresse www.electropedia.org)

3

3.1

Termes, définitions et termes abrégés

Termes et définitions

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

L'ISO et I'lEC tiennent & jour des bases de données terminologiques destinées a étre utilisées

en

normalisation, consultables aux adresses suivantes:
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e |EC Electropedia: disponible a I'adresse http://www.electropedia.org/

e |SO Online browsing platform: disponible a I'adresse http://www.iso.org/obp

3.1.1
étalonnage

ensemble des opérations établissant, en référence a des étalons, la relation qui existe, dans

les conditions spécifiées, entre une indication et un résultat de mesure

Note 1 a I'article: Cette définition est congue dans I'approche « incertitude ».

Note—2—atartiet 1 Lo 4 1 R 4 4l i L obommel bk ol i ; H
olg—z—aTrariere: o reratomentreTresSmarcatonsS—eresSresurtatrts aermesureSpeutTreur e aommeeT e pPprmepe;

un diagramme d'étalonnage.

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

3.1.2
coliplage
intgraction entre circuits avec transfert d'énergie d'un circuit dans un autre

3.1.3

réseau de couplage
RC
cirguit électrique destiné a transférer de I'énergie d'un circuit & un autre

3.1.4

réseau de couplage/découplage

RCD

combinaison d’un réseau de couplage et d’un réseau de découplage

3.1.5
réseau de découplage
R

cirguit électrique destiné a empécher“la tension d'essai appliquée a I'équipement en es
(EST) de brouiller les dispositifs, matériels ou systémes non soumis a des essais

3.1,.6

immunité (a une perturbation)

apfitude d'un dispositif, 'd'un appareil ou d'un systeéme a fonctionner sans dégradation
pré&sence d'une perturbation électromagnétique

[SOURCE: IEC60050-161:1990, 161-01-20]

3.1.7
acg¢es

ans

sai

en

[SOURCE: IEC 60050-161:1990, 161-01-27]

3.1.8
onde sinusoidale fortement amortie
oscillation amortie dont la constante de temps d'amortissement est de I'ordre d'une période

[SOURCE: IEC 60050-161:1990, 161-02-30]
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3.1.9

temps de montée

Tr

durée de lintervalle de temps entre les instants auxquels la valeur instantanée d'une
impulsion atteint pour la premiére fois 10 %, puis 90 % de sa hauteur

[SOURCE: IEC 60050-161:1990, 161-02-05, modifiée — le contenu de la note a été compris
dans la définition]

3.1.10

transitoire (adj et nom) |t
se’[éit d'un phénoméne ou d’une grandeur qui varie entre deux régimes établis consécuifs
danms un intervalle de temps relativement court a I'échelle des temps considérée

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

3.1.11

vérification
engemble des opérations utilisées pour vérifier le systeme d/essai (par exemple,| le
gémérateur d'essai et ses cables d'interconnexion) pour démontrer-que le systéme d’egsai
fonctionne

Notg 1 a l'article: Les méthodes utilisées pour la vérification peuvent@tre différentes de celles utilisées gour
I'étglonnage.

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

3.2 Termes abrégés

EA Equipement auxiliaire

CD Coupling device (dispositif de couplage)

RCD Réseau de couplage/découplage

CLp Clamping device~(dispositif de clampage)

RC Réseau de couplage

RD Réseau dedécouplage

CEM Compatibilité électromagnétique

ES[r Equipement en essai

GOoT Gas discharge tube (tube a décharge)

MU Measurement uncertainty (incertitude de mesure)

PDFF Probability density function (fonction de densité de probabilité)

PE Protective earth (terre de protection)

RGR Reference-ground-plane{pltandemasse—de+éferenece)

RWG Ring wave generator (générateur d’ondes sinusoidales fortement amorties)
SPD Surge protective device (dispositif de protection contre les surtensions)

4 Généralités
4.1 Description du phénoméne

L'onde sinusoidale fortement amortie (représentée a la Figure 1) est un phénoméne de
transitoire oscillatoire survenant dans les cables basse tension di a des commutations de
réseaux électriques et de charges réactives, des défauts ou des claquages de circuits
d'alimentation électrique, ou des coups de foudre. De fait, il s'agit du phénomene le plus
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répandu rencontré dans les réseaux d’alimentation (haute tension, moyenne tension, basse
tension) ainsi que dans les lignes de commande et de signal.

Représentative d'une large plage d'environnements électromagnétiques résidentiels comme
industriels, I'onde sinusoidale fortement amortie permet de vérifier I'immunité des matériels
relevant de ces environnements vis-a-vis des phénoménes susmentionnés. Ces
manifestations produisent des impulsions caractérisées par des ondes a front raide de l'ordre
de 10 ns a une fraction de ps, en I'absence de tout filirage. La durée de ces impulsions peut
varier entre 10 ps et 100 ps.

Le|temps de montée et la durée des impulsions dépendent des caractéristiques |de
prgpagation des milieux et du trajet.

La|propagation de I'onde dans les lignes (puissance et signal) donne toujours lieu a des
réflexions dues a la non-adaptation des impédances (les lignes sont raceordées a des
chgrges ou a des dispositifs de protection, des filtres d'entrée, etc.). Ces réflexions produisent
deg oscillations dont la fréquence dépend de la vitesse de propagation. La présefce
évégntuelle de phénomeénes parasites (par exemple, capacité parasite dejeomposants tels que
les|moteurs, les enroulements de transformateurs, etc.) ajoute des facteurs d’influence.

Le |temps de montée peut étre augmenté par les caractéristiqes passe-bas du circuit. Cet
effet est plus marqué lorsque le temps de montée est rapide (de I'ordre de 10 ns) et tend a
deyenir négligeable lorsque le temps de montée est lent (dedlordre de 1 us).

Def ondes sinusoidales fortement amorties peuvent €galement étre produites par des colips
de| foudre, phénoméne caractérisé par sa fofme d'onde unidirectionnelle (impulsjon
no:lmalisée 1,2/50 us). Les circuits indirectementt affectés par la foudre (couplage inductif
enfre lignes) sont influencés par la dérivée .de I'impulsion initiale et les mécanismes |de
coyplage impliqués, ce qui peut provoquer,des oscillations. Les caractéristiques de I'onde
sinusoidale fortement amortie résultante.;dépendent des paramétres réactifs des circuits|de
terfe, des structures métalliques travérsées par le courant de foudre, ainsi que de| la
prdpagation dans les lignes de transmission a basse tension.

Par suite des effets susmentionnés, un transitoire oscillatoire ou une onde sinusoidale
forlement amortie se produitcaux accés de I'équipement. Les transitoires oscillatoires spnt
traaFés dans I'lEC 61000-4=18. Une onde sinusoidale fortement amortie avec un temps|de

montée défini de 0,5 us-et une fréquence d’oscillation de 100 kHz a été déterminée comme
étant une onde sinuseldale fortement amortie type et est largement utilisée pour soumettre
les|produits a I'essai.

La fformule cofrespondant a la forme d’onde idéale de la Figure 1, w(z), est la suivante:

n
£ [
/ 12

A
w(t)=A4-K -——7—.exp| —— |-cos(pt)
1+ —
1
avec
t _r. =721 setﬁ—z—ﬂ et T=10 us
27 g~ T

ou les paramétres de la période d’oscillation 7= 10 us sont:


https://iecnorm.com/api/?name=c9be3710b9d3440040167a86000a757b

- 58 - IEC 61000-4-12:2017 © IEC 2017

A=1,K=1,81;n=1,83; ¢ =0,507 pus

NOTE R est le rapport entre Pk, et Pk;, Pk, et Pk,. La valeur de R garantit que les rapports Pk,/Pk,, Pky/Pk, sont
compris dans la plage spécifiée dans le présent document. La valeur de R ne peut pas descendre en dessous d’un
certain seuil car le rapport Pk,/Pk, dépasserait les tolérances spécifiées. R = 2 a été sélectionné. Les paramétres n
et ¢, sont ajustés afin d’obtenir 7, = 0,5 ps.

S A
o Pky (Upg, ou Ipg,)
(o
[eTaAMY)
T
>
Pk3
10 %
e T ——
»
t
"yl P

— 110 % a 40%
Pko
IEC

Légende
T

4 |temps de montée

T |période d’oscillation
NOTE Seul Pk, est déterminé pour la forme d’onde de courant.

Figure 1 — Forme d'ondé‘de I'onde sinusoidale fortement amortie
(tension en circuit ouvert et courant de court-circuit)

D'qutres normes IEC, comme I'lEC 61000-4-5, font référence a I'impulsion de foufre
nofmalisée 1,2/50 us, qui(peut étre considérée comme complémentaire a I'onde sinusoidale
forlfement amortie décrite dans le présent document.

C'dst aux comités de produits qu'il incombe de définir I'essai le plus approprié en fonction|du
phenoméne considéré comme pertinent.

4.20 Parameétres pertinents

4.21 Fréquence de répétition

La fréquence de répétition d'un transitoire est directement liée a la fréquence d'occurrence du
phénoméne originel (foudre et commutation). La fréquence de répétition est plus importante
lorsque la cause principale est une commutation de charges sur des lignhes de commande, et
moins importante lorsque la cause principale est un défaut et un coup de foudre. Cette
fréquence peut généralement varier d’'une fois par seconde a une fois par an.

La fréquence de répétition peut étre augmentée afin de réduire la durée de I'essai. Il convient
toutefois de la choisir en fonction des caractéristiques du dispositif de protection utilisé pour
atténuer/supprimer les transitoires.


https://iecnorm.com/api/?name=c9be3710b9d3440040167a86000a757b

IEC 61000-4-12:2017 © IEC 2017 - 59 -

4.2.2 Angle de phase

Les défaillances de matériel liées a I'onde sinusoidale fortement amortie sur les sources
d'alimentation électrique peuvent dépendre de I'angle de phase du réseau d’alimentation en
courant alternatif auquel le transitoire est appliqué. Quand un élément de protection
fonctionne pendant un essai a I'onde sinusoidale fortement amortie, cela peut s'accompagner
d'un phénoméne de courant de suite selon lI'angle de phase auquel le transitoire se produit.
Le courant de suite est un courant provenant de la source raccordée et s'écoulant a travers
un élément de protection, ou tout autre arc dans 'EST pendant et aprés le transitoire.

du
de
serhi-conducteurs pouvant entrer en ligne de compte sont les caractéristiques de récupération
dir¢cte et inverse, ainsi que les conditions de tenue au claquage secondaire.

Les dispositifs les plus exposés a une défaillance liée au déphasage sont |es
sethi-conducteurs implantés dans les circuits d'entrée de puissance. D'autres dispositifs
sityés dans différentes parties de I'EST peuvent aussi présenter de tels modes de défaillante.

5 | Niveaux d’essai

Leg niveaux d'essai préférentiels pour I'onde sinusoidale fortement amortie applicables aux
acgés d'alimentation, de signal et de commande du matériel pris en considération spnt
domnés dans le Tableau 1. Le niveau d'essai est défini comme la tension de la premiére crite
(meimum ou minimum) dans la forme d'onde d'essai{Pk; a la Figure 1).

Les niveaux d’essai applicables aux accés d'alimentation, de signal et de commande peuvent
étre différents.

Tableau 1.~ Niveaux d’essai

Tension d’essai en circuit ouvert
Niveau
kV
Entre phases Entre phase et terre®
1 0,25 0,5
2 0,5 1
3 1 2
4 2 4
x@ Spécial Spécial
§ « Xo_peut correspondre a un niveau quelconque, supérieur, inférieur ou intermédiaire. Ce niveau doif
étre spécifié par les comités de produits et/ou la spécification du matériel.
i \Pour les lignes d’interconnexion symétriques, I'essai peut &tre appliqué a différentes lignes de maniére
Dilllui‘ldlléc pdal |c1ppu|i. (‘J id i.b'llb', b’Ubi'a'\jiIC « EII;.IU pildbb‘b U‘l ‘lUIIb‘ ”.

Les niveaux d’essai doivent étre choisis selon les conditions d’installation; les classes
d’installation sont données a I’Annexe C. L’Annexe A donne des informations relatives aux
niveaux d’essai.

L’essai doit étre appliqué a tous les niveaux d’essai du Tableau 1 jusqu’au niveau d’essai
spécifié inclus (voir 8.3).

Pour de plus amples informations sur la sélection des niveaux d’essai pour les différentes
interfaces, voir I’Annexe B.
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Instrumentation d'essai

Générateur d’ondes sinusoidales fortement amorties

A1 Circuit du générateur d’ondes sinusoidales fortement amorties

La sortie du générateur doit étre en mesure de fonctionner en conditions de court-circuit. Le
gramme d'un générateur d'ondes sinusoidales fortement amorties représentatif est
présenté en Figure 2.

dia

R1 51 R2 o—0
— oo ‘ —1——{ 1o
R3
1% C1 == Lq Co ==
IEC
Légende
U: source haute tension R, résistance 30(Q
C1: condensateur de stockage d'énergie R4: résistance(12 Q
C2: condensateur de filtrage L1: bobine.de gircuit oscillant
R1: résistance de charge S1: commutateur haute tension
R2: résistance de filtrage SZ: sélecteur d'impédance de sortie
Figure 2 — Exemple de schémaldur circuit du générateur
d’ondes sinusoidales-fortement amorties

6.1.2 Valeurs d’impédance
Delix valeurs d’'impédance (voir R5 et Ry de la Figure 2) ont été sélectionnées comme suit:
e [12 Q lorsque les acces d’alimentation en courant alternatif/courant continu et les lignes

d’interconnexion blindées sont'soumis a I’essai
e |30 Q lorsque les lignes-&interconnexion non blindées sont soumises a I'essai
6.1.3 Caractéristiques des performances du générateur d’ondes sinusoidales

fortement amorties

Un|générateur asortie flottante doit étre utilisé.
Il $'agit d'un générateur d'ondes sinusoidales fortement amorties unique présentant |les
caractéristiques suivantes, mesurées a la sortie du générateur:
— |temps de montée de la tension

(T4 ala Figure 1) 0,5 us £ 30 % (en circuit ouvert)
— temps de montée du courant

(T4 alaFigure 1) 0,2 us a 1,0 us (en court-circuit)
— fréquence d'oscillation (1/T a la Figure 1) 100 kHz + 10 %
NOTE 1 La fréquence d'oscillation est définie comme l'inverse de la période entre le 16" et le 3® passage a zéro

aprés la créte initiale.

décroissance (tension seulement, voir Figure 1) 0,4 <rapport de Pk, a Pky < 1,1
0,4 < rapport de Pky a Pk, < 0,8
0,4 < rapport de Pk, a Pk3 < 0,8
pas d'exigence pour Pkg
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— fréquence de répétition 1 ou plus par minute
— impédance de sortie voir Tableau 2

NOTE L'impédance de sortie est calculée comme le rapport entre la tension en circuit ouvert Uy, et le courant de
court-circuit I 4.

— tension en circuit ouvert Up, 4 (voir Figure 1) réglable de 0,25 kV au niveau d’'essai
exigé

— courant de court-circuit /py 4 (voir Figure 1) voir Tableau 2

— déphasage dans une plage comprise entre 0° et

se
de la tension alternafive
d’alimentation de I'EST, avec’ une

tolérance de + 10°
— [polarité de Pk4 (voir Figure 1) positive et négative

Tableau 2 — Relation entre la tension de créte en circuit ouvert et
le courant de créte en court-circuit

Tension de créte en circuit Courant de créte en court-circuit | Courant-de créte en court-circyit
ouvert £ 10 % +10 % +10 %
a la sortie du générateur a la sortie du générateur 12 Q a la sortie du générateur 30 O

0,25 kV 20,8 A 8,3A
0,5 kV 41,7 A 16,7 A
1,0 kV 83,3 A 33,3A
2,0 kv 166,7 A 66,7 A
4,0 kV 333,3A 133,3 A

6.1.4 Etalonnage du générateur d’ohdes sinusoidales fortement amorties

Leg caractéristiques du générateur: d’essai doivent étre étalonnées de fagon a s’assyrer
qu’elles satisfont aux exigences*dud présent document. A cet effet, la procédure suivante doit
étre appliquée.

La|sortie du générateur-doit étre raccordée a un systéme de mesure avec une largeur|de
bapde (20 MHz au_minimum), une tension et un courant suffisants pour surveiller |les
caractéristiques de.la)forme d’onde.

Leg caractéristiques du générateur doivent étre mesurées en conditions de circuit ouyert
(chiarge supérieure ou égale a 10 kQ) et de court-circuit a la méme tension définie.

tes les caractéristiques de performances indiquées en 6.1.3, a I'exception du déphas

performances de déphasage doivent étre satisfaites a la sortie du RCD a 0°, 90°, 180° et 270°
pour une polarité.

6.2 Réseaux de couplage/découplage
6.2.1 Généralités

Chaque réseau de couplage/découplage (RCD) comporte un réseau de couplage et un réseau
de découplage, comme représenté dans les exemples de la Figure 4 a la Figure 10.

NOTE Les condensateurs de couplage peuvent faire partie du RCD ou du générateur ou étre des composants
externes discrets.
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Le réseau de couplage doit étre équipé d’'un condensateur de couplage adapté a I'impédance
choisie pour le générateur d'essai, c'est-a-dire > 3 uF.

Sur les circuits d’alimentation en courant alternatif ou en courant continu, le réseau de
découplage fournit une impédance relativement élevée au transitoire de I'onde sinusoidale
fortement amortie mais il permet en méme temps au courant d’alimentation de circuler vers
’EST. Cette impédance permet a la forme d'onde de tension de se développer a la sortie du
réseau de couplage/découplage, et empéche le courant de l'onde sinusoidale fortement
amortie de circuler vers la source alternative ou continue. Des condensateurs a haute tension
sont utilisés comme éléments de couplage. Leurs dimensions permettent a la totalité des

dumgesde—formed'onmdede—se Tcoupter a FEST—te Téseau de couptagefdecouptage

I'al
d’o
au

Po
déq
élé

mentation en courant alternatif ou en courant continu doit étre congu de sorte que la“for]
hde de tension en circuit ouvert et la forme d’onde de courant de court-circuit satisfass
exigences du Tableau 3.

ir les entrées/sorties et les lignes de communication, I'impédance série |[du réseau

ments de couplage peuvent étre des condensateurs, dans les cas ou la ligne tolére

effets de charge capacitive, des dispositifs de clampage ou des parafeudres. Quand elles
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Le
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plent aux lignes d'interconnexion, les formes d'onde peuveni\ étre déformées par
canismes de couplage tels qu'ils sont décrits en 6.2.3.

réseau de couplage/découplage pour les lignes d’interconhexion non blindées doit €
¢u de sorte que la forme d’onde de tension en circuit ouvert et la forme d’onde du cour|
court-circuit satisfassent aux exigences du Tableau 5(ét du Tableau 7.

hque réseau de couplage/découplage doit satisfaire aux exigences de 6.2.2 ou 6.2.3 et ¢
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Figure 3:
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Sélection de la méthode
de couplage/découplage

accés
al allmentat{on Oui
en courant alternatif/courant
continu? J\

couplage?

Entre phase et terre

Entre phases

une phase ou courant continu: Figure
trois phases: Figure 6

4

Non
cable blindé?

une extrémité

blindage raccordé?

une phase ou courant cofitinu: Figure 5

trois phases: (Figure 7

les deux
. . Oui
extrémités lignes symétriques?
Figure 11 Figure’8 Figure 9 ou Figure 10

Figure 3 — Sélection de‘la méthode de couplage/découplage

IEC

6.2.2 Réseaux de couplage/découplage pour un accés d’alimentation en courant

alternatif/courant continu assigné jusqu’a 63 A par ligne

un [courant(suffisants pour surveiller les caractéristiques des formes d’onde.

NOTE{ L'onde de choc et I'onde sinusoidale fortement amortie tiennent leur origine des mémes sourcesg
perfurbations. L’onde sinusoidale fortement amortie résulte de la disposition des cables impliquée et du dispg

plitude de créte Pk, etle temps de montée doivent étre vérifiés pour la tension en cir
ouyert et pour le courant en court-circuit a l'accés de sortie EST ainsi que la périg
d’opcillation qui doit"également étre vérifiée pour la tension en circuit ouvert. Les paramét
de [forme d’onde tesurés a l'accés 'EST du RCD dépendent de la source du générateu
sont donc valides' uniquement pour la combinaison générateur/RCD soumise a l'essai.
RCD doit étrélraccordé a un systéme de mesure avec une largeur de bande, une tension

uit
de
Fes
et
Le
et

de

sitif

de protection contre les surtensions (SPD) entre la source de perturbation et la prise de courant. Pour les courants
supérieurs a 63 A, la disposition des cables fait généralement partie de 'EST et, par conséquent, 'EST est soumis

a I'essai conformément a I'lEC 61000-4-5.

L'inductance de découplage doit étre choisie par le constructeur du RCD de sorte qu'au
niveau du RCD, la chute de tension doit étre inférieure a 10 % de la tension d’entrée du RCD
a la valeur assignée du courant spécifié. Toutefois, il convient qu’elle ne dépasse pas 1,5 mH.

Afin d’éviter les chutes de tension non désirées dans le RCD, la valeur de I’élément de
découplage doit étre réduite pour les RCD de courant assigné > 16 A. Par conséquent, le
courant de créte peut varier dans les tolérances indiquées dans le Tableau 3 ci-dessous.
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Tableau 3 — Spécification d’onde sinusoidale fortement amortie
aux acceés d’alimentation de ’'EST du RCD

Paramétre d’onde sinusoidale fortement amortie
en condition de circuit ouvert

Courant de créte

Courant de créte I,

Courant assigné < 16 A

16 A < courant assigné < 32 A

+10
,10 %

+10
~10 %

32 A < courant assigné < 63 A

+10 o
-25 %

NOTE Le courant assigné est le courant assigné du RCD.

Tolites les caractéristiques de performances indiquées en 6.1.3, a I’exception.de la fréque
répétition, doivent étre satisfaites a la sortie du RCD. Les performances de déphas
doivent étre satisfaites a 0°, 90°, 180° et 270° pour une polarité.

de

Leg
ter

caractéristiques susmentionnées s’appliquent aux systémes.-monhophasés (phase, neu
e de protection) et aux systémes triphasés (fils triphasés, peutre et terre de protection).
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gure 4 — Exemple de réseau de couplage et de réseau de découplage pour couplag
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Réseau de découplage

— 65 —
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commutateurs S, et S, sont utilisés pour sélectionner les lignes individuelles pour I'essai.

bours,dé I'essai, la position du commutateur S, différe de la position du commutateur S,.

pour couplage capacitif sur lignes de courant alternatif (triphasé):
couplage entre la phase L3 et la phase L2

Acces dsg
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