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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 4-16: Testing and measurement techniques —
Test for immunity to conducted, common mode disturbances

—___________Inthe frequency range 0 Hz to 150 KHz
FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization compri
pll national electrotechnical committees (IEC National Committees). The object of |[EC 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, Technical Specificati
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee intere
n the subject dealt with may participate in this preparatory work. International, governmental and 1
povernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates clo
ith the International Organization for Standardization (ISO) in accordapce with conditions determined
pgreement between the two organizations.

«

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

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

n order to promote international uniformity, IEC_National Committees undertake to apply IEC Publicat
ransparently to the maximum extent possiblesin-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 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 independenteertification bodies.

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

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

Attention is drawn*to the Normative references cited in this publication. Use of the referenced publication
ndispensabléfor 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
patent.fights. IEC shall not be held responsible for identifying any or all such patent rights.
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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 61000-4-16 has been prepared by subcommittee 77A: Low-
frequency phenomena, of IEC technical committee 77: Electromagnetic compatibility.

It forms part 4-16 of IEC 61000. It has the status of a basic EMC publication in accordance with
IEC Guide 107.

This second edition cancels and replaces the first edition published in 1998,
Amendment 1:2001 and Amendment 2:2009. This edition constitutes a technical revision.

Thi T re—fottowi ermifi i | " | DUS

edifion:

a) |clarification and complement of test generators' specifications and performances.

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

FDIS Report on voting
77A/905/FDIS 77A/917/RVD

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

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

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

Tht committee has decided that the contentsZof this publication will remain unchanged until the
stapility date indicated on the IEC websitesunder "http://webstore.iec.ch" in the data related to
the| specific publication. At this date, the-publication will be
e |reconfirmed,

e |withdrawn,

e |replaced by a revised edition, or

e |amended.

IMPORTANT =-The “colour inside” logo on the cover page of this publication indicates
thdt it contains colours which are considered to be useful for the correct understanding
of |ts contents. Users should therefore print this publication using a colour printer.
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INTRODUCTION

This standard is part of the IEC 61000 series, according to the following structure:

Part 1: General

Pa

General considerations (introduction, fundamental principles)
Definitions, terminology

it 2: Environment

Pa

Pa

Pa

Pa

Pa

Ea
as
sed

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

Thi

related to.conducted, common mode disturbances in the range d.c. to 150 kHz.

Description of the environment
Classification of the environment
Compatibility levels

t 3: Limits
Emission limits

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

t 4: Testing and measurement techniques

Measurement techniques

Testing techniques
t 5: Installation and mitigation guidelines

Installation guidelines
Mitigation methods and devices

t 6: Generic standards
t 9: Miscellaneous

ch part is further subdivided into several parts, published either as international standards
technical specifications or technical reports, some of which have already been published
tions. Others wil~Be published with the part number followed by a dash and a secq

s part is_an-international standard which gives immunity requirements and test procedu

uct

or
as
nd

Fes
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ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 4-16: Testing and measurement techniques —
Test for immunity to conducted, common mode disturbances
in the frequency range 0 Hz to 150 kHz

1 | Scope

This part of IEC 61000 relates to the immunity requirements and test methods for electrical and
elertronic equipment to conducted, common mode disturbances in the range d.c. to.150 kHZ,

The¢ object of this standard is to establish a common and reproducible‘tbasis for tesfing
elertrical and electronic equipment with the application of common made disturbances| to
power supply, control, signal and communication ports.

This standard defines

e |[test voltage and current waveform;
e [range of test levels;

o |test equipment;

o |test set-up;

e |test procedures.

For some types of ports, for example ports~intended to be used with highly balanced linges,
additional test provisions may be established by product committee specifications.

The test is intended to demonstrate~the immunity of electrical and electronic equipment when
subjected to conducted, commonimode disturbances such as those originating from power line
curfrents and return leakage currents in the earthing/grounding system.

The¢ disturbances produced by 400 Hz mains systems are not included in the scope of this
stapdard.

Acfual interference-due to these disturbance phenomena is relatively rare, except in industrial
plapts. Product:*committees should therefore consider whether there is a justification [for
applying thissstandard in their product/product family standards (see also Clause 4).

Thils test/is not relevant for equipment ports intended to be connected to short cables, having a
length\ess than 20 m or less.

The immunity to harmonics and interharmonics, including mains signalling, on a.c. power ports
(in differential mode) is not included in the scope of this standard and is covered by
IEC 61000-4-13 and IEC 61000-4-19.

The immunity to conducted disturbances generated by intentional radio-frequency transmitters
is not included in the scope of this standard and is covered by IEC 61000-4-6.
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2 Normative references

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

[EG-60050(161): 1990, International Electrotechnical Vocabulary (IEV) Chapter 161
- ; il

For the purposes of this document, the following terms and definitions-are—used-and apply-te

NOTE Not all of the definitions given in Clause 3 are included in IEC 60050-161.

3.1
EUT
quipment under test

equipment (devices, appliances and systemsy’subjected to tests

Notg 1 to entry: This note applies to the Frenefitanguage only.

3.2
auxiliary equipment
AE
equipment that is necessaty)for setting up all functions and assessing the correct performance
(operation) of the EUT during the test

3.3

port

pafticular inte€rface of the specified equipment with the external electromagnetic environmen
SEE: Figure 1.

3.4

coupling

interaction between circuits, transferring energy from one circuit to another

3.5
coupling network
electrical circuit for the purpose of transferring energy from one circuit to another

3.6

decoupling network

electrical circuit for the purpose of preventing test voltage applied to the equipment under test
from affecting other devices, equipment or systems which are not under test
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3.7

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

ele

ctromagnetic disturbance

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

3.8

source impedance of the test generator

rati

o0 between the open circuit voltage and the short circuit current, expressed as:

VOC

4

Th
infl
ind

On
thig

Th

At

At
dis
ind

open circuit voltage / I short circuit current

General

uence the reliable operation of equipment and systems installed nin residential ar
ustrial areas and electrical plants.

y those ports of an EUT which are likely to be subjected to the disturbances dealt with
standard shall be considered for the application of its requirements.

b disturbances are typically generated by

interharmonics;

power electronic equipment (e.g. power convertors), which may inject disturbances into
ground conductors and earthing system (through stray capacitance or filters), or gener
disturbances in signal and control lines by induction.

the mains frequency and harmonics of the mains frequency, the disturbances are usu

frequencies above thesrange of harmonics of the mains frequency (up to 150 kHz)
urbances are usually. generated by power electronic equipment, which is often found
ustrial and electrical\plants.

e conducted, common mode disturbances in the frequency range d.c.'to 150 kHz g;ay
S!

by

the power distribution system, with its fundamental frequency, significant harmonics @nd

the
ate

By

ge:rerated by the power distribution'system (fault and leakage currents in the ground and
eafthing systems).

the
in

The¢ coupling of ‘the source of disturbances with the power supply, signal, control @nd

(0]

Be
ne(

hmunicationteables, transfer these disturbances to the ports of the equipment under test.

cause<the coupling mechanisms defined above cannot be completely eliminated, it
essary for equipment to have adequate immunity to the disturbances.

Depending on the type of installation, the disturbances may be classified as follows:

a)

voltage/current at power frequency: d.c., 162/3 Hz, 50 Hz and 60 Hz;

b) voltage/current in the frequency range 15 Hz to 150 kHz (including the harmonics of the

mains frequency).

This standard defines the test procedures for both the categories of disturbance defined above.
The applicability of the tests should be defined in the product standard.

Annex A contains more information on the phenomena.
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Test levels

General

The preferred range of test levels, applicable to equipment ports as a function of the different
types and sources of disturbances, is given in 5.2 and 5.3.

The levels are given for the tests at the mains frequency (d.c., 162/3 Hz, 50 Hz and 60 Hz) and

int

he frequency range 15 Hz to 150 kHz.

Thi

Thi

b applicability of each test shall be defined in the product standard.

b test voltage shall be applied in common mode to power supply, control, ssignal @nd

communication ports (the differential mode voltage is dependent on the circuit unbalance).
A duide for the selection of the test levels is given in Annex B.
5.2l Test levels at mains frequency
Tables 1 and 2 define the preferred test levels.
The levels apply to test voltage at d.c. and at the mains frequencies of 162/3 Hz, 50 Hz and
60 Hz.

Table 1 — Levels for continuous Table 2 — Levels for short duration

disturbance disturbance
Level Open circuit test voltage Level Open circuit test voltage
V (r.m.s.) V (r.m.s.)

1 1 1 10

2 3 2 30

3 10 3 100

4 30 4 300

X Special X Special
NQTE x is an open level. This level may be defined in NOTE x is an open level. This level may be defired
thg product standard. in the product standard.
For short duration disturbances, the normal duration for each applied disturbance is { s;
however, product standards may specify different durations for specific applications.
The test shall be carried out at one or more of the following frequencies: d.c., 162/3 Hz, 50 Hg or
60 :L, GUUUId;IIH tU thc IC:CVGIIt IIIG;IIO flU\.'UUIIUy ;II thc Cb'u;plllcllt :uuat;uu (OCU dAlITITA A), he

test at 162/3 Hz is therefore only applicable where the equipment is intended to be used in the
proximity of railway systems at this frequency.

The test level shall not exceed the test voltage defined in the product standard.

Information on the proposed test levels is given in Annex B.

5.3

Test levels in the frequency range 15 Hz-150 kHz

Table 3 defines the preferred test levels.
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Table 3 — Test levels in the frequency range 15 Hz to 150 kHz

Level Profile of the test voltage (open circuit)
V (r.m.s.)
15 Hz - 150 Hz 150 Hz - 1,5 kHz 1,5 kHz — 15 kHz 15 kHz - 150 kHz
1 1-0,1 0,1 0,1-1 1
2 3-0,3 0,3 0,3-3 3
3 10-1 1 1-10 10
4 30-3 3 3-30 30
X X X X X

NQTE 1

NQ

x is an open level. This level can be given in the product specification.

TE 2 The profile of the test voltage in relation to frequency (see Annex B for information) is as follows:

starting from the frequency 15 Hz, the level decreases up to 150 Hz at 20 dB/decadg;
the level is constant from 150 Hz to 1,5 kHz;
the level increases from 1,5 kHz to 15 kHz at 20 dB/decade;

the level is constant from 15 kHz to 150 kHz.

The profile of the test voltage is represented in Figure 2.

No
cor

6.1

6.1

Thi

Th

.1

test level is defined below 15 Hz, excluding d.¢:,Jas tests in this frequency range are
sidered to be relevant.

Test equipment

Test generators

General

e features of the test geperators for each specific test are given in 6.1.2, 6.1.3 and 6.1.4.

in the power supply network, may influence the test results.

Information on,the impedance of the test generators is given in Annex A.

6.1}

Thi

2

Characteristics and performance of the generator for d.c. tests

hot

e generators shall have provisions to prevent the emission of disturbances which, if injected

p test generator typically consists of a d.c. power supply unit with variable output voltage and

a time controlled switch for the short duration test.

Generator for continuous disturbance

waveform:

open circuit output voltage range
(r.m.s.):

source impedance:

direct current, ripple less than 5 %;

1V, with a relative tolerance of =10 %
relative tolerance of +10 %;

VO C/[SC

to 30 V, with a

=50 Q, with a relative tolerance of £10 %.
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Generator for short duration disturbance

— waveform: direct current, ripple less than 5 %;

— open circuit output voltage 10V, with a relative tolerance of —=10 % to 300 V, with
range: a relative tolerance of +10 %;

— source impedance: VoclIse = 50 Q, with a relative tolerance of £10 %,;

— rise and fall time of the output between 1 ps and 5 ps.
voltage at on/off switching:

Th A cehamatio 1o neinainla of tha tact danmAaratar 1o Al an 1n Diagien 2
ot ot T P e POttt e oGt Cator—To—grv T gutrC—o-

6.1.3 Characteristics and performance of the generator for tests at mains frequency:
162/3 Hz, 50 Hz and 60 Hz

The test generator typically consists of a variable transformer (connected)to the magins

disfribution network), an isolation transformer and a time controlled switch for the short
duration test; the switch shall be synchronized at 0° of the mains voltage waveform.

Geherator for continuous disturbance

—| waveform: sinusoidal, total harmoniedistortion less than 10 %;

—| open circuit output voltage range 1 V, with a relative tdlerance of —10 % to 30 V, with k
(r.m.s.): relative tolerance @f %10 %;

—| source impedance: VoclIse = 50 QL with a relative tolerance of £10 %;

—| frequency: selected mains frequency.

Geherator for short duration disturbance

—| waveform: sinusoidal, total harmonic distortion less than 10 %;

—| open circuit output voltage range 10 V, with a relative tolerance of — 10 % to 300}V,
{r-a-s). with a relative tolerance of + 10 %;

—| source impedance: Voollse = 50 Q, with a relative tolerance of £10 %,;

—| frequency: selected mains frequency;

- onlltoff switching of ‘the output synchronized at zero crossing (0° £ 5 %).
voltage:

The schematic in prinCiple of the test generator is given in Figure 4.

6.1.4 Characteristics and performance of the generator for tests in the frequency
range 15 Hz to 150 kHz

The dest’ generator typically consists of a waveform generator capable of covering the
frequency band of interest 1t shall have an automated sweep capability of 1 x 10~< decade/s or
slower or, in the case of a synthesizer, be capable of being programmed with frequency-
dependent step-sizes of 10 % of the preceding frequency value. It shall also be capable of
being set manually.

Specifications

— waveform: sinusoidal, total harmonic distortion less than 1 %;

— open circuit output voltage range 0,1 V, with a relative tolerance of — 10 % to 30 V, with
(r.m.s.): a relative tolerance of +10 %;

— source impedance: VoclIse = 50 Q, with a relative tolerance of £10 %,;

— frequency range: 15 Hz, with a relative tolerance of =10 % to 150 kHz,

with a relative tolerance of +10 %.
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6.2 Verification of the characteristics of the test generators

In order to make it possible to compare the results dealing with different test generators, they

must shall be calibrated or verified for the most essential characteristics.

The following generator characteristics-must shall be verified:

e output voltage waveform;

. gene#a%e# source impedqqce (7, open circuit voltage / I short circuit current). The sou
impedance has to be verified:

rce

— at highest and lowest test level for all generators: d.c.; a.c.; sweep;
— additionally for sweep generator at frequencies: 15 Hz, 1,5 kHz, 15 kHz, 150 k2.

For the verification of the source impedance of short duration disturbance ggnerator,
first 50 ms may be disregarded;

e |[frequency accuracy;
e |open circuit output voltage accuracy;

e |[rise and fall time of the output voltage at on/off switching (where applicable).

The verifications shall be carried out with voltage and current(probes—and together with
osgilloscope or other equivalent measurement instrumentationwith 1 MHz minimum bandwid

The accuracy of the measuring equipment shall be better than £5 %.

6.3] Coupling/decoupling networks

6.3.1 General

The coupling networks enable the test volfage to be applied, in common mode, to the po

the

an
th.

ver

supgply, input/output (signal and control).and communication ports of the EUT. The decoupling

networks prevent the application of d¢he test voltage to the auxiliary equipment needed
petform the test.

6.3.2 Coupling networks
6.3.2.1 Coupling network for power supply and input/output ports
For power supply andyinput/output ports, the coupling network for each conductor is compo

of @ resistor and & capacitor in series. The coupling networks of each conductor are connec|
in parallel to form.the coupling network of the port.

Figure 6_‘shows a schematic circuit for a coupling network, the value of the capacitor
C 3 1,0(pF and the resistor is R=100 x n Q where n is the number of the conductors (j
greatef,than or equal to 2).

to

sed
ted

The capacitors and the resistors for each of the conductors in the coupling network for a port

shall be matched with a tolerance of 1 %.

For the d.c. voltage test the 1,0 uF capacitors shall be short-circuited.

NOTE When performing the d.c. voltage test on a signal port, the impedance of the coupling network may cause

the operating signal to be degraded.

For screened cables, the test signal is injected directly onto the cable shield, so no coupl
network is required (see Figure 6).

ing
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6.3.2.2 Coupling networks for communication ports

For communication ports and other ports intended for connection to balanced pairs (single or

mu

Itiple pairs), the coupling network is a T network.

Figure 5 shows a schematic circuit for a T network. The value of the capacitor is C = 4,7 puF,
the resistor is R = 200 Q and the inductor is L = 2 x 38 mH (bifilar winding).

The components of the T network shall be matched with a tolerance such that the T network
does not significantly degrade the common mode rejection ratio of the EUT.

NO]

rat

os greater than 80 dB, in which case the product standard should define an, altérna

coupling method.

6.3.3 Decoupling devices

6.3.3.1 General characteristics

The function of the decoupling device is to isolate the AE and/or simulator from the EUT ¢
under test and thereby prevent the application of the test voltage to'the AE and/or simulator.

The¢ most important characteristic of a decoupling device is its,common mode attenuation o
thel frequency range 0 Hz to 150 kHz.

Bo
am

h active and passive isolation devices are available; examples of active devices incl
[plifiers and opto-isolators, while examples of passive devices include isolation transform

and-translators.

6.3.3.2 Specifications

op

De
lev

ThI isolation and decoupling specifications, applicable to all the devices for all the typeg

rating signals, are:

input to output and input/output to ground

insulation withstand capabitity: 1 kV, 50/60 Hz, 1 min;
common mode decoupling (attenuation)

in the range 15 Hzt0-150 kHz: 60 dB.

coupling devicés)with reduced insulation withstand capability may be used when testing
els below leveh4.

Th¢ common mode rejection of the decoupling device shall be as high as possible in orde
minimiZe the degradation of the common mode rejection ratio of the EUT port.

[E It may be possible to produce T networks suitable for use with common mode rejection

ive

ort

ver

de
rs

of

at

to

The requiremenis of 6.3.3.2 also apply o complex devices, such as a power supply unit
composed by an isolation transformer and an a.c. to d.c. converter.

For balanced lines the T network specified in 6.3.2.2 provides effective decoupling into the
frequency range 10 kHz to 150 kHz. A decoupling device is still required for frequencies below

10

7

71

kHz.

Test set-up

General

The test set-up specifications are given for


https://iecnorm.com/api/?name=55ac149890705d94110ed538b8c48376

IEC 61000-4-16:2015 RLV © IEC 2015 - 15—

7.2

earthing connections;

equipment under test;

test generator;

coupling and decoupling network (decoupling/isolation devices).

Earthing connections

The safety earthing requirements of the EUT, of the auxiliary equipment (AE) and of the test
equipment shall be complied with at all times.

sp4g
coff
cof

7.3

cifications. The test generator, the coupling networks and the decoupling devices_ shall
nected to a ground reference plane (GRP) or to a common earth terminal{The e3
nection to the GRP or to the common earth terminal shall be less than 1 m indength.

Equipment under test

The EUT shall be connected to the earthing system in accordance with the manufacturlr's

be
rth

The¢ equipment under test shall be arranged and connected according to the equipmnt

ins

allation specifications.

The¢ power supply, input/output and communication ports shall-be“connected to the sourceg
power supply, control and signals via the decoupling/isolation,devices (see 6.3.3).

The operating signals for exercising the EUT may be’ provided by the auxiliary equipment

sinj

ulator.

Thé cables specified by the equipment manufacturer shall be used; in the absence

Spé

The cable length is not relevant for the test,-unless except in the case of shielded cables (s

8.3

).

length shall be used; in all other cases, the cable length shall be 20 m.

7.4 Test generators

of

or

of

cifications, unshielded cables shall be adopted, of the type suitable for the signals involved.

bee

For shielded cables, where theéZmanufacturer specifies a maximum cable length, this

The test generator shall be connected to the coupling network or coupling resistor, as specified
in Clause 8.

7.5

Decouplingl/isolation devices

The¢ decoupling/isolation devices shall be connected between all the EUT's ports to be tes

and

De

the corresponding signal or power source.

ted

dicated decoupling/isolation devices are not required if the AE or the power sources

are

iso

ated.

NoTE The decoupling/isolation devices should be located on the side of the cables near to the
auxiliary equipment port, in order to use the normal terminations provided with the cables
without the need to cut them.

In the case of shielded lines (e.g. coaxial cables), the generator shall be directly connected to

the

shields (no additional series resistor and capacitor are required).
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Test procedure

General

The test procedure includes

8.2

preliminary verification of the correct operation of the equipment;
execution of the test.

Laboratory reference conditions

Un
thel
thel

.1 General

.2 Climatic conditions

climatic conditions in the laboratory shali’be within any limits specified for the operatior
EUT and the test equipment by their réspective manufacturers.

T or the test equipment.

The tests shall be performed according to a test plan that shall specify

the type of test;

the test level,

the test duration;

the EUT's ports to be tested;

the representative operating conditions of the EUT;

the auxiliary equipment.

brder to minimize the impact of environmental parameters on test results, the tests 'shall|be
ried out in climatic and electromagnetic reference conditions as specified in 8,.2.2 and 8.2 3.

ess otherwise specified by the committee *résponsible for the generic or product standgrd,

of

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

ere it is considered that\there is sufficient evidence to demonstrate that the effects of the
nomenon covered by this standard are influenced by climatic conditions, this should|be
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The power supply, signal and other functional electrical quantities shall be applied within their
rated range. If the actual operating signal sources are not available, they may be simulated.

The main steps of the test procedure are as follows:

preliminary verification of equipment performances;

connection of the coupling networks and decoupling devices to the EUT's ports to
tested;

verification of the operating performances of input signals, if necessary;

be

Th
ne
infl

Thi

application of the test voltage.

b test configuration can affect the operating conditions of the I/O ports of the EUJ.-Th
v conditions shall be considered as references in the evaluation of the tést volt
ence.

of the EUT's operating performance. For short duration tests (of typically 4.%s duration), the

vol

Thi
exd
exd

Th
rec

age shall be applied repeatedly until this criterion has been met.

e test in the frequency range 15 Hz to 150 kHz starts from 15 Hz; the rate of sweep shall
eed 1 x 1072 decade/s. Where the frequency is swept incremeéntally, the step size shall
eed 10 % of the start and thereafter 10 % of the preceding frequency value.

e performance of the EUT shall be continuously nionitored, and any degradation shall
orded in the test report.

The¢ test generator shall be connected to each port in turn. Ports not under test shall have

b test voltage shall be applied for a period of time sufficient to allow a complete verificaﬂieon

se
ge

st

hot
hot

be

the

input terminals of their respective coupling network connected to ground (see Figure 6).

If the apparatus has a large number of .similar ports, then a sufficient number shall be selected
so that all different types of termination“are covered.

NOTE A _nraliminary invastiaation shotdd he carried out annlvina thae tast valtaae to the earth nort of tha ELUE in
NOFE — A preliminary investigation-shotld-becarried-out-applying-the-testvoltage-to-the—earth-port-of the EUIFi
thelcomnlete set-un desceribed for tyna tosts Suscentibility conditions if anvy will he invastiaated on a3 nort-bv-bort
the Jcomplete-set-up-described-for-typp-tests—Susceptibility-conditions,—if-any—will be-investigated-on-a-port-by-por
basjs.

The ports provided by unshielded cables shall be tested by applying the test voltage directly to
thel port's terminals.

In [the case of.shielded lines (e.g. coaxial cables), the generator output shall be diregtly
connected to‘the screen (no additional series resistor and capacitor are required).

To|test ports with more than two terminals (e.g. grouping), the test voltage shall be applied
simultaneously between all the terminals of the port and ground (common mode).

For ports intended to be connected to balanced lines, the test voltage shall be applied using

the

T network specified in 6.3.2.2.

During the test with application of d.c. voltage, the polarity of the test voltage shall be reversed.

Ag

eneral schematic for the application of the test voltage is given in figure 6.

The test voltage shall be applied in common mode to the following ports:

power supply;

input and output;
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e communication.

No specific test is required for the earth port.
The performances of the EUT shall be verified against the requirements of the plan.

The test can produce unsafe situations due to the test voltage involved or the leakage current
to earth: adequate safety precautions are essential to avoid risks to operators.

({=]

—Evatuationof-testresults=and-testreport

H

0]
=
b
(0]
%
Ee
(]
D
-+
(0}

The tes

be classified-cr—thebosicertheonoratingeconditions—and-the funetignal
54 s : Fead = Bren
by product-committees-orproduct-specifications in terms of the [ps$ of function or degradation
of performance of the equipment under test, relative to a pérformance level defined by]|its
marru-facturer or the requestor of the test, or agreed hétwéen the manufacturer and fhe

purichaser of the product. The recommended classificatiorkjs*as follows:

a) [normal performance within-the-specification limits<Specified by the manufacturer, requegtor
or purchaser;

b) |temporary loss of function or degradation<er of performance which—is—self-recovergble
ceases after the disturbance ceases, and_from which the equipment under test recovers|its
normal performance, without operator igt€rvention;

c) [temporary loss of function or degradation—er of performance, the correction of which

requires operator intervention-ersystems-—reset;

d) [loss of function or degradation~of performance which is not recoverable, owing to damage

of equipment-{compenents) tohardware or software, or loss of data.

Sto
StS

The—technical 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
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agreement on performance criteria between the manufacturer and the purchaser, for example
where no suitable generic, product or product-family standard exists.

10 Test report

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

the items specified in the test plan required by Clause 8 of this standard;

identification of the EUT and any associated equipment, Tor example, brand name, preduct

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

any special environmental conditions in which the test was performeddb( exam
shielded enclosure; %
N

any specific conditions necessary to enable the test to be performed;
performance level defined by the manufacturer, requestor or purch%e ;
performance criterion specified in the generic, product or produo@nily standard;

r;

e,

any effects on the EUT observed during or after the applicati&) of the test disturbance, and

the duration for which these effects persist;

the rationale for the pass/fail decision (based on the e)%rmance criterion specified in
generic, product or product-family standard, or agre€d between the manufacturer and
purchaser);

any specific conditions of use, for example ¢ bQ?ngth and type, shielding or grounding
EUT operating conditions, which are requir éb achieve compliance.

%\
o
A\
O
O
&

the
the

or
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Input ports Enclosure port . Output ports

Analog

Digital
high level

I LH%LWEHL@—%

Digital S

Data EUT

communication

Communication
and highly balanced

o, 1 =Y

d.c.

+ I+

Power supply

a.c.

0
10

AN

Earth port
(dedicated earth connection)

[[Ree

IEC

NOTE The switch position is related to the possible configuration of the ports: single-ended, isolated, etc.

Figure 1 — Example of equipment ports and configuration
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VA
100 —+
Level 4
10 1L Level 3
\ . e Level 2
+ < v = v—tevett
0,14
} f f f f
15 Hz 150 Hz 1,5 kHz 15 kHz 150 kHz f
IEC
Figure 2 — Profile of the test voltage
Vr It 50Q
C ‘ N P D
Input < RIF L c | Output
C O
R/El fioation/filteri
Amplifier
’\ R
/ S :l
SG
@ Generator output

IEC

SG: signal generator
S: switch and control circuit
R:  network resistor

Figure 3 —Schematic-inprinciple Example of the generator for d.c.
and frequency voltage tests 15 Hz up to 150 kHz
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trpat Sttpt
O O
Vr S IT R
— oo o
PA

isolation transformer

Generator outpu

Power amplifier 16% Hz, 50 Hz, 60 Hz
voltage regulation

switch, control circuit

network resistor

Figure'4

—Schematic-inprinciple Example of the generator for tests
at mains frequency (16” Hz, 50 Hz and 60 Hz)
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; }
I C
At the [ L To the
AE EUT
@ . O
™
S\\L \E:= C =}1
=[]

AL
&

s

To the test
generator

IEC

200 Q
4,7 uF, to be short-circuited for d.c. voltage test (SW)
L: | 2 x 38 mH (bifilar winding)

Figure 5 — Schematic circuit of\the coupling T network for communication
ports and other ports intended for connection to highly balanced pairs
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AE EUT

\r[ Single signal

) input/output

Group
of signals

input/output

( ) % Shielded ling
']

it y Communicatign
network line

g a.c./d.c.
power supply

T m T
1
-

el gl
|

1
—O
SWH1 500
—
NN

EC

C =|1,0 pF, to be shert-Circuited for d.c. voltage test (SW3)

100 Q x p~eonductors belonging to the port concerned

Py
1l

Exampleform = 4: R =400 Q

NOTE\Switch SW2 is used to connect all input terminals to ground, other than under test (see 8.3).

Figure 6 — Schematic circuit for type tests
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Annex A
(informative)

Sources of disturbances and coupling mechanisms

A.1 Sources of disturbances

The conducted, common mode disturbances at mains frequency and their harmonics may be
gennrah:ri h‘,’ faults on the mains power distribution sysiem and Innl(qgn currents flnwing into

thel earth system.

The¢ d.c. power supply network used in industrial, electrical plants and telecommunicafion
centres may also generate d.c. common mode disturbances, particularly when."either the
pogitive or negative terminal is connected to earth.

Elgctrified railways will also generate disturbances at their frequency ef-operation (typically
164/3 Hz).

ThLinduced disturbances are described in detail in IEC 61000-2-3"and IEC TR 61000-2-5. The
different types of disturbances may be present simultaneotsly but at different levels.
Furtthermore, if the power system develops a fault, the disturbance levels may be upI to
10 times the reference levels given for normal operating conditions, however the fault condition
disfurbances are typically present for short durations only((up to about 1 s).

The disturbances at mains frequency and harmdnics may affect signal ports of equipment
where insufficient common mode rejection is available.

Disturbances up to 1 kHz to 2 kHz are mainty-due to the harmonics of the power mains.

At higher frequencies the disturbances’are mostly related to power electronic equipment, which
maly produce switching currents involving the ground system, giving rise to conducted, common
mode disturbances.

A. Coupling mechanisms

The coupling mechanisms considered in Clause A.2 include the capacitive, inductive and
resjistive coupling\Details on the different coupling mechanisms are reported in IEC 61000-2-3.
Capacitive coupling is not relevant where the signal lines have a reference to ground, e.g. due
to @ termination-to earth or to the presence of capacitive filters.

Inductive,coupling, due to the magnetic fields generated by the source of disturbances (g.g.
powerline, ground circuits), often produces significant disturbances in signal cables.

Resistive (or common impedance) coupling can directly affect signal lines, as in the case of
earthed signal source, or can inject current into the shield of a signal cable. This type of
coupling can appear the most relevant and sometimes may be considered inclusive of the
effects of capacitive and inductive coupling.

The equivalent impedance of the coupling mechanisms may have a wide range of values,
depending on the layout of the victim and of the source.

In the worst case of common impedance coupling, the equivalent coupling impedance may
have values in the order of few ohms. In other cases the impedance may present values higher
by several orders of magnitude, as in the case of balanced lines subjected to capacitive
coupling.
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Experience in laboratory has shown that the immunity tests on the different ports of the
equipment can be efficiently performed with a single representative source impedance having
the value of 150 Q. This value may also represent the common mode characteristic impedance
of a power or signal line in the field, and is in accordance with the approach adopted by other
basic standards in the IEC 61000-4 series.
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Annex B
(informative)

Selection of test levels

This standard describes different tests. The applicability of each test, the test level and the
related acceptance criteria shall be defined in the product standards.

The test levels should be selected in accordance with the most realistic installation and

enyironmental conditions.
A puideline for the applicability of the tests and the selection of the levels for/varipus
installations is given in IEC TR 61000-2-5. The latter gives a range of disturbancedlevels [for |
different locations.
Bagsed on common installation practices, the following practical rules may 'be used to classify
thel environment:
Level 1: Well protected environment
The installation is characterized by the following attributes:
— separation of the internal power supply network from the mains network, |for
example by dedicated isolation transformers;
— electronic equipment earthed to a dedicated earthing collector, connected to the
earthing system (ground network) of thé.installation.
A computer room may be representative of this environment.
Level 2: Protected environment
The installation is characterized-by the following attributes:
— direct connection to the lew voltage mains network;
— electronic equipment earthed to the earthing system of the installation.
A control room or termihal room located in a dedicated building of industrial plants
and power plants may be representative of this environment.
Level 3: Typical industnial’environment
The installation is characterized by the following attributes:
— direct econnection to the low voltage or medium voltage mains network;
— electronic equipment earthed to the earthing system of the installation (grodind
network);
= use of power convertors injecting stray currents into the ground network.
Industrial installations and power plants may be representative of this environmept.
Leveh4: Severe industrial environment
The installation is characterized by the following attributes:
— direct connection to the low voltage or medium voltage mains network;
— electronic equipment connected to the earthing system of the installation
(ground network) common to HV equipment and systems;
— use of power convertors injecting stray currents into the ground network.
GIS and open-air HV substations, and the related power plant, may be
representative of this environment.
Level 5: Special situations, to be analyzed

Special installation conditions may be analyzed or investigated, and consequently immunity
requirements higher or lower than specified for the different class may be defined.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 4-16: Testing and measurement techniques —
Test for immunity to conducted, common mode disturbances
in the frequency range 0 Hz to 150 kHz

FOREWORD

1) [The International Electrotechnical Commission (IEC) is a worldwide organization for standardization compriging
pll national electrotechnical committees (IEC National Committees). The object of IEC is to pronpote
nternational co-operation on all questions concerning standardization in the electrical and electronic fields| To
his end and in addition to other activities, IEC publishes International Standards, Technical Specificatipns,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as EC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC_National Committee interested
n the subject dealt with may participate in this preparatory work. International, governmental and rnon-
jovernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates clopely
vith the International Organization for Standardization (ISO) in accordance with conditions determined by
pgreement between the two organizations.

2) [The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an internatipnal
Consensus of opinion on the relevant subjects since each techhical committee has representation fronj all
nterested IEC National Committees.

3) |EC Publications have the form of recommendations for international use and are accepted by IEC Natipnal
Committees in that sense. While all reasonable efforts are“made to ensure that the technical content of [[EC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for |Jany
Mmisinterpretation by any end user.

4) |n order to promote international uniformity, IEC->National Committees undertake to apply IEC Publications
ransparently to the maximum extent possible{in their national and regional publications. Any diverggnce
between any IEC Publication and the correspanding national or regional publication shall be clearly indicated in
he latter.

5) JEC itself does not provide any attestation of conformity. Independent certification bodies provide confority
hssessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for [any
ervices carried out by independent certification bodies.

6) RAIll users should ensure that théyshave the latest edition of this publication.

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

8) [Attention is drfawn to the Normative references cited in this publication. Use of the referenced publicationfs is
ndispensable“for the correct application of this publication.

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

Int¢rnational Standard IEC 61000-4-16 has been prepared by subcommittee 77A: Low-
frequency phenomena, of IEC technical committee 77: Electromagnetic compatibility.

It forms part 4-16 of IEC 61000. It has the status of a basic EMC publication in accordance with
IEC Guide 107.

This second edition cancels and replaces the first edition published in 1998,
Amendment 1:2001 and Amendment 2:2009. This edition constitutes a technical revision.

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

a) clarification and complement of test generators' specifications and performances.
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The text of this standard is based on the following documents:

FDIS Report on voting
77A/905/FDIS 77A/917/RVD

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

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

Al

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

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

ptic

Tht committee has decided that the contents of this publication will remain unchanged until the
stapility date indicated on the IEC website under "http://webstore.iec.ch" in the 'data related to
the| specific publication. At this date, the publication will be

e |reconfirmed,

e |withdrawn,

e |[replaced by a revised edition, or

e |amended.

IMPORTANT - The “colour inside” logo on the-cover page of this publication indicates
thdt it contains colours which are considered.to be useful for the correct understanding

of

ts contents. Users should therefore print.this publication using a colour printer.
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INTRODUCTION

This standard is part of the IEC 61000 series, according to the following structure:

Part 1: General

Pa

General considerations (introduction, fundamental principles)
Definitions, terminology

it 2: Environment

Pa

Pa

Pa

Pa

Pa

Ea
as
seq

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

Thi

related to.conducted, common mode disturbances in the range d.c. to 150 kHz.

Description of the environment
Classification of the environment
Compatibility levels

t 3: Limits
Emission limits

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

t 4: Testing and measurement techniques

Measurement techniques

Testing techniques
t 5: Installation and mitigation guidelines

Installation guidelines
Mitigation methods and devices

t 6: Generic standards
t 9: Miscellaneous

Ch part is further subdivided into several parts, published either as international standardg
technical specifications or technical reports, some of which have already been published
tions. Others wilbe published with the part number followed by a dash and a secq

s part is_an-international standard which gives immunity requirements and test procedu

uct

or
as
nd

Fes
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Th

ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 4-16: Testing and measurement techniques —
Test for immunity to conducted, common mode disturbances
in the frequency range 0 Hz to 150 kHz

Scope

is part of IEC 61000 relates to the immunity requirements and test methods for electrical and
elertronic equipment to conducted, common mode disturbances in the range d.c. to.150 kHZ,

The¢ object of this standard is to establish a common and reproducible‘tbasis for tesfing

elertrical and electronic equipment with the application of common mode disturbances

po

Th

Fo

Th

Th
stal

Ac

plapts. Product:*committees should therefore consider whether there is a justification
applying thissstandard in their product/product family standards (see also Clause 4).

Thi

lengthMess than 20 m or less.

ver supply, control, signal and communication ports.

is standard defines

test voltage and current waveform;
range of test levels;

test equipment;

test set-up;

test procedures.

to

some types of ports, for example ports©intended to be used with highly balanced linges,
additional test provisions may be established by product committee specifications.

p test is intended to demonstrate~the immunity of electrical and electronic equipment when
subjected to conducted, commonimode disturbances such as those originating from power |
curfrents and return leakage currents in the earthing/grounding system.

ine

p disturbances produced by 400 Hz mains systems are not included in the scope of this
hdard.
ual interference~due to these disturbance phenomena is relatively rare, except in indusffial

testis not relevant for equipment ports intended to be connected to short cables, havin

for

0 a

The immunity to harmonics and interharmonics, including mains signalling, on a.c. power ports
(in differential mode) is not included in the scope of this standard and is covered by
IEC 61000-4-13 and IEC 61000-4-19.

The immunity to conducted disturbances generated by intentional radio-frequency transmitters
is not included in the scope of this standard and is covered by IEC 61000-4-6.
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2 Normative references

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

Void.

3 [Terms and definitions

For the purposes of this document, the following terms and definitions apply.

NOTE Not all of the definitions given in Clause 3 are included in IEC 60050-161.

3.1
EUT
quipment under test

eqdiipment (devices, appliances and systems) subjected to tests

Notg 1 to entry: This note applies to the French language only.

3.2
auxiliary equipment
AE
equiipment that is necessary for setting up all functiohs and assessing the correct performance
(operation) of the EUT during the test

3.3
port
paiticular interface of the specified equipment with the external electromagnetic environmen

SEE: Figure 1.

3
coupling
intgraction between cireuits, transferring energy from one circuit to another

3.5
coupling network
elegtrical cirédit for the purpose of transferring energy from one circuit to another

, — — RN : : test
from affectlng other devices, equipment or systems which are not under test

3.7

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]

3.8
source impedance of the test generator
ratio between the open circuit voltage and the short circuit current, expressed as:
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VOC

4

open circuit voltage / I short circuit current

General

The conducted, common mode disturbances in the frequency range d.c. to 150 kHz may
influence the reliable operation of equipment and systems installed in residential areas,
industrial areas and electrical plants.

Only those ports of an EUT which are likely to be subjected to the disturbances dealt with by
thigstandard shall be considered for the application ot Its requirements.

Thi

At

At
dis
ind

Th

colj

Be

neqd

De

b)

Thi

Th

An

e disturbances are typically generated by

interharmonics;

power electronic equipment (e.g. power convertors), which may inject disturbances into
disturbances in signal and control lines by induction.

the mains frequency and harmonics of the mains frequency;-the disturbances are usu

frequencies above the range of harmonics of the mains frequency (up to 150 kHz)

ustrial and electrical plants.

nmunication cables, transfer these disturbances to the ports of the equipment under test.

essary for equipment to have adequate immunity to the disturbances.

pending on the type of installation, the disturbances may be classified as follows:

voltage/current at power frequency: d.c., 162/3 Hz, 50 Hz and 60 Hz;

voltage/current in<the frequency range 15 Hz to 150 kHz (including the harmonics of
mains frequency)-

b applicability of the tests should be defined in the product standard.

nex A-contains more information on the phenomena.

the power distribution system, with its fundamental frequency, significant ltarmonics @nd

the

ground conductors and earthing system (through stray capacitance or:filters), or generpte

ally

ge:rerated by the power distribution system (fault and leakage~-currents in the ground and
ealthing systems).

the

urbances are usually generated by power electranic equipment, which is often found in

e coupling of the source of disturbances  with the power supply, signal, control @nd

cause the coupling mechanisms.defined above cannot be completely eliminated, if is

the

s standard-defines the test procedures for both the categories of disturbance defined abojve.

5

5.1

Test levels

General

The preferred range of test levels, applicable to equipment ports as a function of the different
types and sources of disturbances, is given in 5.2 and 5.3.

The levels are given for the tests at the mains frequency (d.c., 162/3 Hz, 50 Hz and 60 Hz) and

int

he frequency range 15 Hz to 150 kHz.

The applicability of each test shall be defined in the product standard.
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The test voltage shall be applied in common mode to power supply, control, signal and
communication ports (the differential mode voltage is dependent on the circuit unbalance).

A guide for the selection of the test levels is given in Annex B.

5.2 Test levels at mains frequency

Tables 1 and 2 define the preferred test levels.

The levels apply to test voltage at d.c. and at the mains frequencies of 162/3 Hz, 50 Hz and
60 Hz.

Table 1 — Levels for continuous Table 2 — Levels for short duration
disturbance disturbance
Level Open circuit test voltage Level Open circlit test voltage
V (r.m.s.) VN(r’m.s.)

1 1 1 10

2 3 2 30

3 10 3 100

4 30 4 300

X Special X Special
NQTE xis an open level. This level may be defined in NOTE is an open level. This level may be defirled
thg product standard. in_th& product standard.

For short duration disturbances, the normal “duration for each applied disturbance is { s;
however, product standards may specify different durations for specific applications.

The test shall be carried out at one ormore of the following frequencies: d.c., 162/3 Hz, 50 Hx or
60 Hz, according to the relevant mains frequency in the equipment location (see annex A); the
test at 162/3 Hz is therefore only*applicable where the equipment is intended to be used in the
praximity of railway systems atthis frequency.

The test level shall not exceed the test voltage defined in the product standard.
Information on the proposed test levels is given in Annex B.

5.3] Test levels in the frequency range 15 Hz-150 kHz

Table 3-defines the preferred test levels.
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Table 3 — Test levels in the frequency range 15 Hz to 150 kHz

e starting from the frequency 15 Hz, the level decreases up to 150 Hz at 20 dB/decade;
. the level is constant from 150 Hz to 1,5 kHz;
. the level increases from 1,5 kHz to 15 kHz at 20 dB/decade;

. the level is constant from 15 kHz to 150 kHz.

Level Profile of the test voltage (open circuit)
V (r.m.s.)
15 Hz - 150 Hz 150 Hz - 1,5 kHz 1,5 kHz — 15 kHz 15 kHz - 150 kHz

1 1-0,1 0,1 0,1-1 1

2 3-0,3 0,3 0,3-3 3

3 10-1 1 1-10 10

4 30-3 3 3-30 30

X X X X X
NQTE 1 xis an open level. This level can be given in the product specification.
NQTE 2 The profile of the test voltage in relation to frequency (see Annex B for information) is as follows:

The profile of the test voltage is represented in Figure 2.

No
cor

test level is defined below 15 Hz, excluding d:gy/as tests in this frequency range are
sidered to be relevant.

6 | Test equipment

6.1 Test generators

6.1.1 General

The features of the test generators for each specific test are given in 6.1.2, 6.1.3 and 6.1.4.
The generators shall have provisions to prevent the emission of disturbances which, if injec

in the power supply network, may influence the test results.

Information an.the impedance of the test generators is given in Annex A.

hot

ted

6.1.2 Characteristics and performance of the generator for d.c. tests
The _test generator typicall nsists of .C. power
a time controlled switch for the short duration test.

Generator for continuous disturbance

waveform: direct current, ripple less than 5 %;

1V, with a relative tolerance of —10 % to 30 V, with
relative tolerance of +10 %;

open circuit output voltage range
(r.m.s.):

source impedance: Vocllse = 50 Q, with a relative tolerance of £10 %.

a
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nerator for short duration disturbance
waveform: direct current, ripple less than 5 %;
open circuit output voltage 10 V, with a relative tolerance of —10 % to 300 V, with
range: a relative tolerance of +10 %;
source impedance: Vocllse = 50 Q, with a relative tolerance of 10 %);

rise and fall time of the output between 1 us and 5 ps.
voltage at on/off switching:

6.1

162/3 Hz, 50 Hz and 60 Hz

.3 Characteristics and performance of the generator for tests at mains frequency:

The test generator typically consists of a variable transformer (connected)to the magins

dis

Ge

Thi

6.1

Th

on/off switching of ‘the output synchronized at zero crossing (0° + 5 %).
voltage:

e schematic in prinCiple of the test generator is given in Figure 4.

.4 Characteristics and performance of the generator for tests in the frequency
range 15 Hz to 150 kHz

b fest’ generator typically consists of a waveform generator capable of covering

fre

ribution network), an isolation transformer and a time controlled switch for the short
duration test; the switch shall be synchronized at 0° of the mains voltage waveform.

herator for continuous disturbance
waveform: sinusoidal, total harmonic_distortion less than 10 %;
open circuit output voltage range 1V, with a relative tdlerance of —-10 % to 30 V, with h
(r.m.s.): relative tolerance ©f +10 %;
source impedance: Vocllse = 50 Qi with a relative tolerance of £10 %;
frequency: selected mains frequency.

herator for short duration disturbance
waveform: sinusoidal, total harmonic distortion less than 10 %;
open circuit output voltage 10V, with a relative tolerance of — 10 % to 300 )V,
range: with a relative tolerance of + 10 %;
source impedance: Vocllse = 50 Q, with a relative tolerance of 10 %,;
frequency: selected mains frequency;

the

Juehcy band of interest It shall have an automated sweep capability of 1 x 10—2 decade/d

or

slower or, in the case of a synthesizer, be capable of being programmed with frequency-
dependent step-sizes of 10 % of the preceding frequency value. It shall also be capable of

bei

ng set manually.

Specifications

waveform: sinusoidal, total harmonic distortion less than 1 %;
open circuit output voltage range 0,1 V, with a relative tolerance of — 10 % to 30 V, with
(r.m.s.): a relative tolerance of +10 %;

source impedance: VoolIse = 50 Q, with a relative tolerance of +10 %;
frequency range: 15 Hz, with a relative tolerance of —10 % to 150 kHz,

with a relative tolerance of +10 %.
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6.2

Verification of the characteristics of the test generators

In order to make it possible to compare the results dealing with different test generators, they
shall be calibrated or verified for the most essential characteristics.

The following generator characteristics shall be verified:

output voltage waveform;

source impedance (V,. open circuit voltage / Iy, short circuit current). The sou
impedance has to be verified:

rce

Thi
0s(

Th

6.3

6.3

Th
suf

pe

6.3

6.3

Fo

e verifications shall be carried out with voltage and current probes together with

b accuracy of the measuring equipment shall be better than £5 %.

b coupling networks enable the test veolfage to be applied, in common mode, to the po

ne:lworks prevent the application of t¢he test voltage to the auxiliary equipment needed
f

.2 Coupling networks

.2.1 Coupling network for power supply and input/output ports

of

in parallel to form.the coupling network of the port.

Figure 6_‘shows a schematic circuit for a coupling network, the value of the capacitof

C

grdatef than or equal to 2).

— at highest and lowest test level for all generators: d.c.; a.c.; sweep;
— additionally for sweep generator at frequencies: 15 Hz, 1,5 kHz, 15 kHz, 150 kH2.

For the verification of the source impedance of short duration disturbance generator,
first 50 ms may be disregarded;

frequency accuracy;
open circuit output voltage accuracy;

rise and fall time of the output voltage at on/off switching (where applicable).

illoscope or other equivalent measurement instrumentation(with 1 MHz minimum bandwig

Coupling/decoupling networks

1 General

ply, input/output (signal and control).and communication ports of the EUT. The decoupl

orm the test.

power supply andjinput/output ports, the coupling network for each conductor is compos
resistor and a_capacitor in series. The coupling networks of each conductor are connec|

1,0(nF and the resistor is R =100 x n Q where n is the number of the conductors (

the

an
th.

ver
ing
to

ed
ted

The capacitors and the resistors for each of the conductors in the coupling network for a port
shall be matched with a tolerance of 1 %.

For the d.c. voltage test the 1,0 uF capacitors shall be short-circuited.

NOTE When performing the d.c. voltage test on a signal port, the impedance of the coupling network may cause
the operating signal to be degraded.

For screened cables, the test signal is injected directly onto the cable shield, so no coupling
network is required (see Figure 6).
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6.3.2.2 Coupling networks for communication ports

For communication ports and other ports intended for connection to balanced pairs (single or
multiple pairs), the coupling network is a T network.

Figure 5 shows a schematic circuit for a T network. The value of the capacitor is C = 4,7 pF,
the resistor is R = 200 Q and the inductor is L = 2 x 38 mH (bifilar winding).

The components of the T network shall be matched with a tolerance such that the T network
does not significantly degrade the common mode rejection ratio of the EUT.

It may be possible to produce T networks suitable for use with common mode rejection ra]ios
grelater than 80 dB, in which case the product standard should define an alternative coupling
method.

6.3.3 Decoupling devices
6.3.3.1 General characteristics

The function of the decoupling device is to isolate the AE and/or simulator from the EUT port
under test and thereby prevent the application of the test voltage to'the AE and/or simulator.

The¢ most important characteristic of a decoupling device isits,common mode attenuation ojer
the| frequency range 0 Hz to 150 kHz.

Both active and passive isolation devices are available; examples of active devices inclyde
amplifiers and opto-isolators, while examples of passive devices include isolation transformgrs.

6.3.3.2 Specifications

ThI isolation and decoupling specifications, applicable to all the devices for all the typeq of

opgrating signals, are:
— |input to output and input/output.to ground

insulation withstand capability: 1 kV, 50/60 Hz, 1 min;
— |common mode decoupling*(attenuation)

in the range 15 Hz to 150 kHz: 60 dB.

Detoupling devices(with reduced insulation withstand capability may be used when testing at
levels below level 4.

Th¢ common<mode rejection of the decoupling device shall be as high as possible in ordef to
minimize_the‘degradation of the common mode rejection ratio of the EUT port.

Therequirements of 6.3.3.2 also apply to complex devices, such as a power supply Uit
composed by an isolation fransformer and an a.c. to d.c. converter.

For balanced lines the T network specified in 6.3.2.2 provides effective decoupling into the
frequency range 10 kHz to 150 kHz. A decoupling device is still required for frequencies below
10 kHz.

7 Test set-up

7.1 General
The test set-up specifications are given for

o earthing connections;
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e equipment under test;
e test generator;

e coupling and decoupling network (decoupling/isolation devices).
7.2 Earthing connections

The safety earthing requirements of the EUT, of the auxiliary equipment (AE) and of the test
equipment shall be complied with at all times.

spégcifications. The test generator, the coupling networks and the decoupling devices shall|be
connected to a ground reference plane (GRP) or to a common earth terminal. The_egrth
connection to the GRP or to the common earth terminal shall be less than 1 m in length.

7.3] Equipment under test

The equipment under test shall be arranged and connected according ‘to the equipmnt
insfallation specifications.

The power supply, input/output and communication ports shall be)cennected to the sourceq of
power supply, control and signals via the decoupling/isolation devices (see 6.3.3).

Thé operating signals for exercising the EUT may be provided by the auxiliary equipmen{ or
simulator.

The cables specified by the equipment manufacturer shall be used; in the absence| of
spégcifications, unshielded cables shall be adopted, of the type suitable for the signals involved.

The cable length is not relevant for the test~except in the case of shielded cables (see 83).
For shielded cables, where the manufacturer specifies a maximum cable length, this length
shall be used; in all other cases, the cable length shall be 20 m.

7.4 Test generators

The test generator shall be-connhected to the coupling network or coupling resistor, as specifiied
in Clause 8.

7.5 Decoupling/isolation devices

Thé decoupling/isolation devices shall be connected between all the EUT's ports to be tested
and the corrgsponding signal or power source.

Deflicated* decoupling/isolation devices are not required if the AE or the power sources pre
isolated.

The decoupling/isolation devices should be located on the side of the cables near to the
auxiliary equipment port, in order to use the normal terminations provided with the cables
without the need to cut them.

In the case of shielded lines (e.g. coaxial cables), the generator shall be directly connected to
the shields (no additional series resistor and capacitor are required).

8 Test procedure

8.1 General

The test procedure includes
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e preliminary verification of the correct operation of the equipment;
e execution of the test.

8.2 Laboratory reference conditions
8.2.1 General

In order to minimize the impact of environmental parameters on test results, the tests shall be
carried out in climatic and electromagnetic reference conditions as specified in 8.2.2 and 8.2.3.

8.2[2 Climatic conditions

Unless otherwise specified by the committee responsible for the generic or product standgrd,
the| climatic conditions in the laboratory shall be within any limits specified for the dpgeration of
the|l EUT and the test equipment by their respective manufacturers.

Tests shall not be performed if the relative humidity is so high as to cause cohndensation on the
EU[T or the test equipment.

WhHere it is considered that there is sufficient evidence to demonstrate that the effects of the
phe¢nomenon covered by this standard are influenced by climatic\conditions, this should|be
brgught to the attention of the committee responsible for this standard.

8.2.3 Electromagnetic conditions

The electromagnetic conditions of the laboratory shathnot influence the test results.

8.3 Execution of the test

The EUT shall be configured for its normal.epéerating conditions.

The tests shall be performed according’to a test plan that shall specify

o |[the type of test;

e |[the test level;

e |[the test duration;

o |[the EUT's ports tosbe tested;

o |the representative’operating conditions of the EUT;

e |the auxiliary-equipment.

The power'supply, signal and other functional electrical quantities shall be applied within their
rateéd range. If the actual operating signal sources are not available, they may be simulated.

L P .
Themmaimrsteps of thetest procedureareas foltows:

e preliminary verification of equipment performances;

e connection of the coupling networks and decoupling devices to the EUT's ports to be
tested;

o verification of the operating performances of input signals, if necessary;
e application of the test voltage.
The test configuration can affect the operating conditions of the I/O ports of the EUT. These

new conditions shall be considered as references in the evaluation of the test voltage
influence.


https://iecnorm.com/api/?name=55ac149890705d94110ed538b8c48376

IEC 61000-4-16:2015 © IEC 2015 -17 -

The test voltage shall be applied for a period of time sufficient to allow a complete verification
of the EUT's operating performance. For short duration tests (of typically 1 s duration), the test
voltage shall be applied repeatedly until this criterion has been met.

The test in the frequency range 15 Hz to 150 kHz starts from 15 Hz; the rate of sweep shall not
exceed 1 x 10~2 decade/s. Where the frequency is swept incrementally, the step size shall not
exceed 10 % of the start and thereafter 10 % of the preceding frequency value.

The performance of the EUT shall be continuously monitored, and any degradation shall be
recorded in the test report.

The test generator shall be connected to each port in turn. Ports not under test shall have the
input terminals of their respective coupling network connected to ground (see Figure, 6).

If the apparatus has a large number of similar ports, then a sufficient number shall be selected
so that all different types of termination are covered.

The ports provided by unshielded cables shall be tested by applying the test voltage directly to
the| port's terminals.

In the case of shielded lines (e.g. coaxial cables), the generator output shall be diregtly
connected to the screen (no additional series resistor and capacitor are required).

To|test ports with more than two terminals (e.g. grouping), the test voltage shall be applied
simultaneously between all the terminals of the port and ground (common mode).

For ports intended to be connected to balanced\lines, the test voltage shall be applied usfing
the| T network specified in 6.3.2.2.

W
o

Dufing the test with application of d.c. voltage, the polarity of the test voltage shall be revers

A deneral schematic for the application of the test voltage is given in figure 6.

3

The test voltage shall be applied in common mode to the following ports:

e |power supply;
e |input and output;

e |communication.

No|specific téstis required for the earth port.

The petformances of the EUT shall be verified against the requirements of the plan.

The test can produce unsafe situations due to the test voltage involved or the leakage current
to earth: adequate safety precautions are essential to avoid risks to operators.

9 Evaluation of test results

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

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

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

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.

Thi

ag
wh

10

res’lponsible for generic, product and product-family standards, or as a framework{ for the

s classification may be used as a guide in formulating performance criteria, by committ¢es

eement on performance criteria between the manufacturer and the purchaser,\for examjple
bre no suitable generic, product 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 items specified in the test plan required by Clause 8 gf this standard;

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

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

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

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

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

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

any specific conditions of use, for example cable length and type, shielding or grounding| or
EUT opetating conditions, which are required to achieve compliance.
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Figure 2 — Profile of the test voltage
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Figure 3 — Example of the generator for d.c. and
frequency voltage tests 15 Hz up to 150 kHz
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Figure 4 — Example of the generator for tests at
mains frequency (16” Hz, 50 Hz and 60 Hz)
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Figure 5 — Schematic circuit of the coupling T network for communication
ports and other ports intended for connection to highly balanced pairs
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NOTE Switch SW2\s used to connect all input terminals to ground, other than under test (see 8.3).

Figure 6 — Schematic circuit for type tests
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Annex A
(informative)

Sources of disturbances and coupling mechanisms

A.1 Sources of disturbances

The conducted, common mode disturbances at mains frequency and their harmonics may be
gennrafnd h‘,’ faults on the mains power distribution system and Inal(qgn currents flnwing into

thel earth system.

The d.c. power supply network used in industrial, electrical plants and telecommunication
centres may also generate d.c. common mode disturbances, particularly when."either the
posgitive or negative terminal is connected to earth.

Elgctrified railways will also generate disturbances at their frequency ef-operation (typically
164/3 Hz).

The induced disturbances are described in detail in IEC 61000-2-3"and IEC TR 61000-2-5. The
diﬁtrent types of disturbances may be present simultaneously but at different levegls.
Furtthermore, if the power system develops a fault, the disturbance levels may be upIto
10 times the reference levels given for normal operating conditions, however the fault condition
disfurbances are typically present for short durations only((up to about 1 s).

The disturbances at mains frequency and harmdnics may affect signal ports of equipment
where insufficient common mode rejection is available.

Disturbances up to 1 kHz to 2 kHz are mainty~due to the harmonics of the power mains.

At higher frequencies the disturbances’are mostly related to power electronic equipment, which
maly produce switching currents involving the ground system, giving rise to conducted, common
mode disturbances.

A. Coupling mechanisms

The coupling mechanisms considered in Clause A.2 include the capacitive, inductive and
resjistive coupling\Details on the different coupling mechanisms are reported in IEC 61000-2-3.
Capacitive coupling is not relevant where the signal lines have a reference to ground, e.g. due
to @ termination-to earth or to the presence of capacitive filters.

Inductive,coupling, due to the magnetic fields generated by the source of disturbances (¢.g.
powerline, ground circuits), often produces significant disturbances in signal cables.

Resistive (or common impedance) coupling can directly affect signal lines, as in the case of
earthed signal source, or can inject current into the shield of a signal cable. This type of
coupling can appear the most relevant and sometimes may be considered inclusive of the
effects of capacitive and inductive coupling.

The equivalent impedance of the coupling mechanisms may have a wide range of values,
depending on the layout of the victim and of the source.

In the worst case of common impedance coupling, the equivalent coupling impedance may
have values in the order of few ohms. In other cases the impedance may present values higher
by several orders of magnitude, as in the case of balanced lines subjected to capacitive
coupling.
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Experience in laboratory has shown that the immunity tests on the different ports of the
equipment can be efficiently performed with a single representative source impedance having
the value of 150 Q. This value may also represent the common mode characteristic impedance
of a power or signal line in the field, and is in accordance with the approach adopted by other
basic standards in the IEC 61000-4 series.
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Annex B
(informative)

Selection of test levels

This standard describes different tests. The applicability of each test, the test level and the
related acceptance criteria shall be defined in the product standards.

The test levels should be selected in accordance with the most realistic installation and

enyironmental conditions.
A puideline for the applicability of the tests and the selection of the levels for{varipus
insfallations is given in IEC TR 61000-2-5. The latter gives a range of disturbance)levels |for
different locations.
Bagsed on common installation practices, the following practical rules may 'be used to classify
thel environment:
Level 1: Well protected environment
The installation is characterized by the following attributes:
— separation of the internal power supply network from the mains network, |[for
example by dedicated isolation transformers;
— electronic equipment earthed to a dedicated earthing collector, connected to the
earthing system (ground network) of thé.installation.
A computer room may be representative of this environment.
Level 2: Protected environment
The installation is characterized-by the following attributes:
— direct connection to the loew voltage mains network;
— electronic equipment_ earthed to the earthing system of the installation.
A control room or termihal room located in a dedicated building of industrial plants
and power plants may be representative of this environment.
Level 3: Typical industnial’environment
The installation is characterized by the following attributes:
— direct eonnection to the low voltage or medium voltage mains network;
— electronic equipment earthed to the earthing system of the installation (grodind
network);
= use of power convertors injecting stray currents into the ground network.
Industrial installations and power plants may be representative of this environmept.
Leveh4: Severe industrial environment
The installation is characterized by the following attributes:
— direct connection to the low voltage or medium voltage mains network;
— electronic equipment connected to the earthing system of the installation
(ground network) common to HV equipment and systems;
— use of power convertors injecting stray currents into the ground network.
GIS and open-air HV substations, and the related power plant, may be
representative of this environment.
Level 5: Special situations, to be analyzed

Special installation conditions may be analyzed or investigated, and consequently immunity
requirements higher or lower than specified for the different class may be defined.
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

COMPATIBILITE ELECTROMAGNETIQUE (CEM) -

Partie 4-16: Techniques d’essai et de mesure —
Essai d’ immunité aux perturbations conduites en mode
commun dans la plage de frequences de 0 Hz a 150 kHz

AVANT-PROPOS

1) La Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation compdsée
He I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'IEC). L’IEC a pour obje{ de
avoriser la coopération internationale pour toutes les questions de normalisation dans’les domaines| de
'électricité et de I'électronique. A cet effet, 'lEC — entre autres activités — publie des Normes internationgles,
Hes Spécifications techniques, des Rapports techniques, des Spécifications accessibles au public (PAS) et|des
(Guides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée 'd des comités d'études, |Jaux
ravaux desquels tout Comité national intéressé par le sujet traité peut\participer. Les organisatfons
nternationales, gouvernementales et non gouvernementales, en liaison avec VIEC, participent également [aux
ravaux. L’'IEC collabore étroitement avec I'Organisation Internationale (de Normalisation (ISO), selon |des
conditions fixées par accord entre les deux organisations.

2) |Les décisions ou accords officiels de I'lEC concernant les questions\{echniques représentent, dans la megure
Hu possible, un accord international sur les sujets étudiés, étantcdonné que les Comités nationaux de IJEC
ntéressés sont représentés dans chaque comité d’études.

3) |es Publications de I'lEC se présentent sous la forme derecommandations internationales et sont agr§ées
comme telles par les Comités nationaux de I'lEC. Tousdesvefforts raisonnables sont entrepris afin que IJEC
5'assure de I'exactitude du contenu technique de ses publieations; I'lEC ne peut pas étre tenue responsablg de
'‘éventuelle mauvaise utilisation ou interprétation qui.en\est faite par un quelconque utilisateur final.

4) Pans le but d'encourager l'uniformité internationale, les Comités nationaux de I'lEC s'engagent, dans toute la
mesure possible, a appliquer de fagon transparente les Publications de I'lEC dans leurs publications nationgles
bt régionales. Toutes divergences entre toutes Publications de I'IEC et toutes publications nationales| ou
Fégionales correspondantes doivent étre indiquées en termes clairs dans ces derniéres.

5) L’'IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépendgnts
ournissent des services d'évaluation™de conformité et, dans certains secteurs, accédent aux marques| de
conformité de I'IEC. L'IEC n'est responsable d'aucun des services effectués par les organismes de certification
ndépendants.

6) [Tous les utilisateurs doivent(s'assurer qu'ils sont en possession de la derniere édition de cette publication.

7) RAucune responsabilité ne doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou mandataifes,

compris ses experts‘particuliers et les membres de ses comités d'études et des Comités nationaux de I'l|[EC,
pbour tout préjudice_causé en cas de dommages corporels et matériels, ou de tout autre dommage de quelque
hature que ce soit, /directe ou indirecte, ou pour supporter les colts (y compris les frais de justice) et|les
Hépenses découlant de la publication ou de ['utilisation de cette Publication de I'IEC ou de toute aptre
Publication de FIEC, ou au crédit qui lui est accordé.

8) L'attention est attirée sur les références normatives citées dans cette publication. L'utilisation de publicatfons
Féférencées est obligatoire pour une application correcte de la présente publication.

9) L’attention est attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuvent faire
‘objet de droits de brevet. L’IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels dioits
de brevels et de ne pas avoir signale leur exisience.

La Norme internationale IEC 61000-4-16 a été établie par le sous-comité 77A: Phénoménes
basse fréquence, du comité d’études 77 de I'lEC: Compatibilité électromagnétique.

Elle constitue la partie 4-16 de I'lEC 61000. Elle a le statut de publication fondamentale en
CEM conformément au Guide 107 de I'lEC.

Cette deuxiéme édition annule et remplace la premiére édition parue en 1998,
I'Amendement 1:2001 et 'Amendement 2:2009. Cette édition constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:
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a) clarification et complément des caractéristiques et performances des générateurs d'essai.

Le texte de cette norme est issu des documents suivants:

FDIS Rapport de vote
77A/905/FDIS 77A/917/RVD

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant
abouti a I'approbation de cette norme.

Cette publication a été rédigée selon les Directives ISO/IEC, Partie 2.

Ung liste de toutes les parties de la série IEC 61000, publiées sous le-titre géngral
Conpatibilité électromagnétique (CEM), peut étre consultée sur le site web de I'IEC.

Le [comité a décidé que le contenu de cette publication ne sera pas modifie avant la date|de
stapilité indiquée sur le site web de I'lEC sous "http://webstore.iec:ch" dans les donnges
relatives a la publication recherchée. A cette date, la publication sera
e [reconduite,

e |[supprimée,

e |remplacée par une édition révisée, ou

e |amendée.

IMPORTANT - Le logo "colour inside” qui 'se trouve sur la page de couverture de cdtte
publication indique qu'elle contient des~couleurs qui sont considérées comme utiles a
une bonne compréhension de son contenu. Les utilisateurs devraient, par conséquInt,
imprimer cette publication en utilisant une imprimante couleur.
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INTRODUCTION

La présente norme fait partie de la série IEC 61000, structurée comme suit:

Partie 1: Généralités

Par

Considérations générales (introduction, principes fondamentaux)

Définitions, terminologie

tie 2: Environnement

Pa

Pa

Pa

Pa

Pa

Description de I’environnement
Classification de I’environnement
Niveaux de compatibilité

tie 3: Limites

Limites d’émission

Limites d’immunité (dans la mesure ou elles ne relévent pas des-comités de produits)
tie 4: Techniques d’essai et de mesure

Techniques de mesure
Techniques d’essai

tie 5: Principes d’installation et d’atténuation

Principes d’installation
Méthodes et dispositifs d’atténuation

tie 6: Normes génériques

tie 9: Divers

Chaque partie est a son tour’subdivisée en plusieurs parties, publiées soit sous forme

nol|

mes internationales, sbit sous forme de spécifications ou de rapports techniques, d

ceftaines ont déja été publiées en tant que sections. D'autres seront publiées avec un tiret

sui
IEC

La

d’immunité\. et les modes opératoires d’essai relatifs aux perturbations conduites en mg

e du numéro de~partie suivi d'un second numéro pour identifier la subdivision (exem
61000-6-1).

présente{partie constitue une Norme internationale indiquant les exigences en mati

commun, dans la plage du courant continu a 150 kHz.

de
pnt

la
le:

Bre
de
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COMPATIBILITE ELECTROMAGNETIQUE (CEM) -

Partie 4-16: Techniques d’essai et de mesure —
Essai d’'immunité aux perturbations conduites en mode
commun dans la plage de fréquences de 0 Hz a 150 kHz

La
d’e
cor

L'o
so\
cel

d’alimentation, de commande, de signal et de communication.

La

Po
deq

L'e

Domaine d’application

présente partie de I'lEC 61000 traite des exigences en matiére d'immunité et des méthod
5sai relatives aux équipements électriques et électroniques soumis a des_perturbatip
duites en mode commun dans la plage du courant continu a 150 kHz.

bjet de la présente Norme est d’établir une base commune et reproductible destiné
mettre a essai les performances des équipements électriques et g&lectroniques lors
x-ci sont soumis a des perturbations conduites en mode commun;’appliquées aux ac¢

présente Norme définit

la tension d’essai et la forme d'onde du courant;
les plages de niveaux d’essai;

I'équipement d’essai;

le montage d’essai;

les modes opératoires d’essais.

ir certains types d’accés, concernant; par exemple, des acces prévus pour étre utilisés a

d’alimentation et des_retours de courants de fuite dans les dispositifs de mise a la terre/3

mal

Leg
pré

De

per[urbations conduites en~-mode commun telles que celles provenant des courants de lig

5sai vise a démontrer I’'jfinunité des équipements électriques et électroniques soumis a :ﬂ

Se.

perturbations ‘dues au réseau 400 Hz ne font pas partie du domaine d’application dg
sente Norne.

eX(

si |
(vo

applicatiom de ta presente Norme a teurs normes de proauit/famitte de produitsestjustif
ir aussi I'Article 4).

es
ns

a
ue
es

ec

lignes fortement symétriques,-des dispositions d’essais supplémentaires peuvent étre
déflinies dans les spécifications de§)comités de produit.

es
es
la

réelles interférences dues a ces phénomeénes de perturbations sont relativement rares,
epié dans les installations industrielles. Il convient donc que les comités de produit étudient

ee

Cet essai n’est pas pertinent pour les accés d'équipements destinés a étre raccordés a des
cables courts (20 m au maximum).

L'immunité aux harmoniques et interharmoniques, y compris les signaux transmis sur le
réseau, sur les accés d’alimentation en courant alternatif (en mode différentiel) ne fait pas
partie du domaine d’application de la présente Norme, mais est traitée par I'lEC 61000-4-13 et

I''E

C 61000-4-19.

L'immunité aux perturbations conduites provenant d’émetteurs radioélectriques intentionnels
ne fait pas partie du domaine d’application de la présente Norme, mais est traitée par

I''E

C 61000-4-6.
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2 Références normatives

Les documents suivants sont cités en référence de maniére normative, en intégralité ou en
partie, dans le présent document et sont indispensables pour son application. Pour les
références datées, seule I'édition citée s’applique. Pour les références non datées, la derniére
édition du document de référence s’applique (y compris les éventuels amendements).

Vide.

3 [Termes et definitions

Pour les besoins du présent document, les termes et définitions suivants s'appliquent.

NOTE Les définitions données dans I'Article 3 ne figurent pas toutes dans I'lEC 60050-161.

3.1
EUT
équpement en essai

équiipement (dispositifs, appareils et systémes) assujettis aux essais

Notg 1 a l'article: L'abréviation "EUT" est dérivée du terme anglais développé cofrespondant "equipment under test"

3.2
éqyiipement auxiliaire
EA|
éqliipement nécessaire pour installer toutes le$ “fonctions et évaluer les performang¢es
correctes (fonctionnement) de 'EUT au cours delessai

3.

acges
intgrface particuliére entre [I'équipement spécifié et I'environnement électromagnétique
extgrieur

VO[R: Figure 1.
3.
coliplage

intgraction entre lesccircuits, assurant le transfert de I’énergie d’un circuit a l'autre

3.5
réseau de couplage
cirguit électrique destiné au transfert de I’énergie d’un circuit a I'autre

ge
circuit électrique destiné a éviter que la tension d’essai appliquée a I'équipement en essai
n’affecte d’autres dispositifs, équipements ou systémes n'étant pas en essai

3.7

immunité (a une perturbation)

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

[SOURCE: IEC 60050-161:1990, 161-01-20]
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3.8
impédance de source du générateur d'essai
rapport entre la tension de circuit ouvert et le courant de court-circuit, exprimé par:

Vo tension de circuit ouvert/I  tension de court-circuit

4

Généralités

Les perturbations conduites en mode commun dans la plage de fréquences du courant continu

a

et

B
syqgtémes installés dans les zones résidentielles ou industrielles et dans les unités
prgduction électriques.

Se

prgsente Norme doivent étre pris en compte pour I'application de ses exigences.

Leg perturbations sont souvent générées par

A
ins

Leg

réseau (jusqu’a 150 kHz) sont principalement générées par des équipements électroniques

pui

Le

Ccofl
ess
Etd
évi

Su

a)
b)

50 kHz neuvent avoir tinag influance sur la fiahilitd dgo fonctionnement des datlinement
e Al o

Ils les accés d’'un EUT susceptibles d’étre soumis a des perturbations traitées dans

le réseau de distribution d’énergie, avec sa fréquence fondamentale, ses harmoniques
interharmoniques significatifs;

les équipements électroniques de puissance (les convertisseurs de puissance,
exemple) qui peuvent injecter des perturbations dans{les conducteurs de terre et

perturbation par induction dans les lignes de commande et de signal.

allations de mise a la terre/a la masse) de {igstallation.

perturbations a une fréquence supérieure a la plage des harmoniques de la fréquence

5sance, souvent présents dans les\tmités de production industrielles et électriques.

couplage entre la sourcesdes perturbations et les cables d’alimentation, de signal,
hmande et de communication transféere ces perturbations vers les accés de I'équipement
ai.

és, I'équipementydoit étre pourvu d'une immunité adaptée a ces perturbations.

vant le typed’installation, les perturbations peuvent étre classées comme suit:

tension/courant a la fréquence d'alimentation: courant continu, 162/3 Hz, 50 Hz et 60 Hz;

de

et

bar
les

installations de mise a la terre (via la capacité parasite et'les filtres) ou bien provoquer Une

a fréquence du réseau et a ses harmoniques/ les perturbations sont principalemgent
gémérées par le réseau de distribution d’énergie*(courants de défaut et de fuite dans

les

du
de

de
en

nt donné que les"mécanismes de couplage ci-dessus ne peuvent pas étre complétement

1es narmoniques de la frequence du reseau).

tension/courant dans la plage de fréquences comprise entre 15 Hz et 150 kHz (y com;Pris

La présente Norme fournit les modes opératoires d’essai pour les deux catégories de
perturbations. Il convient de définir 'applicabilité des essais définie dans la norme de produit.

Pour plus d’informations concernant ces phénomeénes, voir 'annexe A.

5

5.1

Niveaux d’essai

Généralités

La plage préférentielle des niveaux d’essai, applicable aux acces d'équipements en fonction
des différents types et sources de perturbations, est indiquée en 5.2 et en 5.3.
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Les niveaux sont donnés pour les essais a la fréquence du réseau (courant continu, 162/3 Hz,

50

Hz et 60 Hz) et dans la plage de fréquences comprise entre 15 Hz et 150 kHz.

L’'applicabilité de chaque essai doit étre établie dans la norme de produit.

La tension d’essai doit étre appliquée en mode commun aux accés d’alimentation, de
commande, de signal et de communication (la tension en mode différentiel dépend du
déséquilibre du circuit).

L'Annexe B contient une aide a la sélection des niveaux d’essai.

5.2 Niveaux d’essai a la fréquence du réseau

Le

Les

Tableau 1 et le Tableau 2 définissent les niveaux d’essais préférentiels.

169/3 Hz, 50 Hz et 60 Hz.

niveaux s’appliquent a la tension d’essai en courant continu et aux fréquences du résg¢au

Tableau 1 — Niveaux pour Tableau 2 = Niveaux pour
perturbations continues perturbation de courte durée
Niveau Tension d’essai en circuit ouvert Niveau Tension d’essai en circuit ouveft
V (eff) V (eff)
1 1 1 10
2 3 2 30
3 10 3 100
4 30 4 300
X Spécial X Spécial
NQTE x est un niveau ouvert. Ce niveau peut étre NOTE x est un niveau ouvert. Ce niveau peut gtre
défini dans la norme de produit. défini dans la norme de produit.
Potbr des perturbations de courte durée, la durée normale de chaque perturbation appliq

estlde 1 s. Toutefois, les normes de produit peuvent spécifier des durées différentes pour
applications spécifiques.

L'e

164/3 Hz, 50 Hz.ou 60 Hz, selon la fréquence du réseau applicable & I'emplacement

I'éd
est

Le

destinéayétre utilisé a proximité de réseaux de voies ferrées opérant a cette fréquence.

niveau d’essai ne doit pas dépasser la tension d’essai définie dans la norme de produit.

:I;ée
es

5sai doit étre (réalisé a l'une ou plusieurs des fréquences suivantes: courant contipu,

de

uipementvair I'Annexe A). L'essai @ 162/3 Hz n’est applicable que si I'équipement concefné

Pour obtenir des informations relatives aux niveaux d’essai proposés, voir ’Annexe B.

5.3

Niveaux d’essai dans la plage de fréquences comprise entre 15 Hz et 150 kHz

Les niveaux d’essai préférentiels sont indiqués au Tableau 3.
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Tableau 3 — Niveaux d’essai dans la plage de fréquences
comprise entre 15 Hz et 150 kHz

. le niveau est constant entre 150 Hz et 1,5 kHz;

® | le niveau est constant entre 15 kHz et 150 kHz.

Niveau Profil de la tension d’essai (en circuit ouvert)
V (eff)
15 Hz — 150 Hz 150 Hz — 1,5 kHz 1,5 kHz — 15 kHz 15 kHz — 150 kHz
1 1-0/1 0,1 0,1-1 1
2 3-0,3 0,3 0,3-3 3
3 10 -1 1 1-10 10
4 30-3 3 3-30 30
X X X X X
NQTE 1 x est un niveau ouvert. Ce niveau peut étre donné dans la spécification du produit.

NQTE 2 Le profil de la tension d’essai par rapport a la fréquence (voir ’Annexe B pour information)-est le suivapt:

e | a partir de la fréquence 15 Hz, le niveau diminue jusqu’a 150 Hz a raison de 20 dB/décade;

. le niveau augmente entre 1,5 kHz et 15 kHz a raison de 20 dB/décade;

Le jprofil de la tension d’essai est représenté a la Figure 2.

Aug¢un niveau d’essai n’est défini en dessous de 15 Hz\a I'exclusion du courant continu, fcar
les| essais réalisés dans cette plage de fréquences‘ne sont pas considérés comme étant

peftinents.

6 | Equipement d’essai

6.1 Générateurs d’essai

6.1.1

Généralités

Leg caractéristiques des génerateurs d’essai pour chaque essai spécifique sont donnges
en.1.2,en 6.1.3 eten 6.1.4:

Les générateurs dojvent étre en mesure d’éviter I’émission de perturbations qui peuvent ayoir
uneg influence sur e résultat des essais si elles étaient injectées dans le réseau d’alimentatign.

Pour obtenirdes informations relatives a I'impédance des générateurs d’essai, voir ’Annexe|A.

6.1[.2

Caractéristiques et performances du générateur pour essais en courant continu

Celgénérateur d’'essai se compose généralement d'un bloc d'alimentation en courant continu a
~J Ll ~J

tension de sortie variable et d’un interrupteur temporisé pour les essais de courte durée.

Générateur pour perturbations continues

— forme d'onde:

— plage de tensions de sortie en

circuit ouvert (valeur efficace):

— impédance de source:

courant continu, ondulation inférieure a 5 %;

1V, avec une tolérance relative de -10 % a 30V,
avec une tolérance relative de +10 %;

Vocllse = 50 Q, avec une tolérance relative de £10 %.
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Générateur pour perturbations de courte durée

— forme d'onde: courant continu, ondulation inférieure a 5 %;

— plage de tensions de sortie en 10V, avec une tolérance relative de —10 % a 300V,
circuit ouvert: avec une tolérance relative de +10 %;

— impédance de source: VoolIse = 50 Q, avec une tolérance relative de £10 %;

— temps de montée et de descente entre 1 et 5 ps.
de la tension de sortie a la mise
sous tension/hors tension:

Le [schéma de principe du générateur d’essai se trouve a la figure 3.

6.1.3 Caractéristiques et performances du générateur pour essais a la fréquence du
réseau: 162/3 Hz, 50 Hz et 60 Hz

Le |générateur d’essai se compose généralement d’un transformateur variable (raccordé|au
réseau de distribution), d’'un transformateur d’isolement et d’'un interrupteur. temporisé pour |les
esqais de courte durée. L’interrupteur doit étre synchronisé a 0° de ,J'onde de tension|du
réseau.

Géhérateur pour perturbations continues

—| forme d'onde: sinusoidale, distorsion”harmonique totale inférieure h
10 %;
—| plage de tensions de sortie en 1V, avec une.folérance relative de -10 % a 30 V,
circuit ouvert (valeur efficace): avec une tolérance relative de +10 %;
—| impédance de source: Vocllse =90 Q,avec une tolérance relative de £10 %
—| fréquence: fréguence du réseau sélectionnée.

Géhérateur pour perturbations de courterdurée

—| forme d'onde: sinusoidale, distorsion harmonique totale inférieure| a
10 %;
—| plage de tensions de sortie en 10V, avec une tolérance relative de —10 % a 300 V,
circuit ouvert: avec une tolérance relative de +10 %;
—| impédance de soutce: Vocllse = 50 Q, avec une tolérance relative de £10 %;
—| fréquence: fréquence du réseau sélectionnée;

—| activation/désactivation de Ila synchronisé au passage par zéro (0° £ 5 %).
tension de-sortie:

Le [schéma~de principe du générateur d’essai est donné a la Figure 4.

6.1L4~" Caractéristiques et performances du générateur pour essais dans la plage de |

fréquences comprise entre 15 Hz et 150 kHz

Le générateur d’essai se compose généralement d’un générateur de signaux capable de
couvrir la bande de fréquences concernée. |l doit avoir une fonctionnalité de balayage
automatisé de 1 x 10-2 décade/s ou plus lentes ou, dans le cas d’un synthétiseur, pouvoir étre
programmeé en fonction de la fréquence par pas correspondant a 10 % de la précédente valeur
de fréquence. Il doit également pouvoir étre réglé manuellement.
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