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The SG61000-5 fully automatic surge generator (also called lightning surge immunity test, combination wave generator, surge cur’

generator/surge voltage generator, combined surge voltage and current generator) .
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Product Model
Output Voltage (Open)
Output Current (Short)

Output Impedance
Output Voltage Range
Output Current Range

Surge Repetition

Interval Time
Polarity

Phase Shift

Special Function
Operation Way
Dimensions (WxDxH)
Gross Weight

Coupling/Decoupling
Network (CDN)

Isolution Transformer
for EUT (Optional)
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$G61000-5SA SG61000-5SB $G61000-5 $G61000-5H-SP $G61000-5T
1.2/50ps+20%  1.2/50us+20% 1.2/50us+20% 1.2/50us+20% 1.2/50us+20%
8/20ps+20% 8/20us£20% 8/20ps+20% 8/20ps+20% 8/20pus+20%
2Q and 12Q 2Q and 12Q 2Q and 12Q 20 12Q and 500Q 2Q and 12Q
0~4.8KV+10%  0~4.8KV+10% 0~6KV+10% 0~10KV+10% 0~6KV+10%
0~2.4KA+10%  0~2.4KA+10% 0~3KA+10% 0~5KA+10% 0~3KA+10%
1~9999 times 1~9999 times 1~9999 times 1~9999 times 1~9999 times
20~9999s 20~9999s 20~9999s 30~9999s 20~9999s

Positive, Negative or Positive/Negative automatic
Asynchronous, Synchronization 0°~ 360° or Specific Angle

Built-in High voltage and current 2000:1 attenuator probe (Less than 10KV surge

N/A generator is 1000:1), connect with LISUN OSP1102 directly
Button Input Touch screen with super big LCD and built-in Windows CE
44x45x35cm 44x45x35cm 44x45x35cm 56x69x155cm 44x45x55cm
About 30kg About 30kg About 30kg About 270kg About 48kg
Includes a 16A single phase CDN Includes a 20A 3phases CDN
LISUN ITEU-SP4K (220V Single phase) or ITUS-SP2K (110V) LISUN ITEU-TP10K or ITUS- . ..
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IEC International Electrotechnical
Commission

ISO International Organization for
Standardization

BIS Bureau of Indian Standards

Barean of indian Standards

ANSI American National
@““ Standards Institute

. . Protect Device for Surge Test PD-EO1
SASO Saudi Arabian Standards

Organization

We suggest you choose LISUN SG-DESK Surge Generator desk to work with SG61000-5 Surge Generator and Isolation
Transformer.

TSE Turkish Standards Institution Tags : SG61000-5 , SG61000-5H , Surge Generator

U NOM Norma Oficial Mexicana

GB China Guo Biao
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SG-DESK Surge Generator Desk

What is a combination wave?
A Combination Wave Generator (CWG) sends a voltage impulse into an open circuit while also delivering a current impulse into a short

circuit to mimic both of these situations. The SG61000-5 Surge Generator’ s combination wave is 1.2/50us and 8/20us as below:
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Electrotechnical Sector Board,
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The following BSI references
relate to the work on this
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Committee reference GEL/110
Draft for comment 90/21076 DC
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Committees responsible for this
British Standard

The preparation of this British Standard was entrusted to Technical
Committee GEL/110, Electromagnetic compatibility, upon which the following
bodies were represented:

- Association of Consulting Scientists

Association of Control Manufacturers [TACMA (BEAMA Ltd.)]
Association of Manufacturers of Domestic Electrical Appliances
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BS EN 61000-4-5:1995

National foreword

This British Standard has been prepared by Technical Committee GEL/110 and
is the English language version of EN 61000-4-5 Electromagnetic compatibility
(EMC) — Part 4-5: Testing and measurement techniques — Surge immunity tests
including amendment A1:2001, published by the European Committee for
Electrotechnical Standardization (CENELEC). It is identical with

IEC 61000-4-5:1995, including amendment 1:2000, published by the
International Electrotechnical Commission IEC).

The start and finish of text introduced or altered by amendment is indicated in
the text by tags (Al. Tags indicating changes to IEC text carry the number of
the IEC amendment. For example, text altered by IEC amendment 1 is indicated

by F) Gl

From 1 January 1997, all IEC publications have the number 60000 added to the
old number. For instance, IEC 27-1 has been renumbered as IEC 60027-1. For a
period of time during the change over from one numbering system to the other,
publications may contain identifiers from both system.

Cross-references

The British Standards which implement these international or European
publications may be found in the BSI Standards Catalogue under the section
entitled “International Standards Correspondence Index”, or by using the “Find”
facility of the BSI Standards Electronic Catalogue.

A British Standard does not purport to include all the necessary provisions of a
contract. Users of British Standards are responsible for their correct application.

Compliance with a British Standard does not of itself confer immunity
from legal obligations.

Summary of pages
This document comprises a front cover, an inside front cover, pages i and ii,
the EN title page, pages 2 to 31 and a back cover.

The BSI copyright notice displayed in this document indicates when the
document was last issued.
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EUROPEAN STANDARD EN 61000:4.%°
NORME EUROPEENNE March 1995

. ; +Al
EUROPAISCHE NORM

February 2001

1CS 29.020 Including corrigendum Qctober 1995

Descriptors: Electromagnetic compatibility, electric equipment, electronic equipment, tests, shock waves, overvoltage, testing
conditions

English version

Electromagnetic compatibility (EMC) —
Part 4-5: Testing and measurement techniques —
Surge immunity test

(includes amendment A1:2001)

. ' (IEC 61000-4-5:1995 + A1:2000)
Compatibilité électromagnétique (CEM) — Elektromagnetische Vertriaglichkeit (EMV) —
Partie 4-5: Techniques d’'essai et de mesure —  Teil 4-5: Priif- und MeBverfahren —
Essai dimmunité aux ondes de choc Priifung der Storfestigkeit gegen
(inclut ’'amendement A1:2001) StoBspannungen
(CEI 61000-4-5:1995 + A1:2000) (enthalt Anderung A1:2001)

(EC 61000-4-5:1995 + A1:2000)

This European Standard was approved by CENELEC on 1995-03-06.
Amendment Al was approved by CENELEC on 2000-12-01. CENELEC
members are bound to comply with the CEN/CENELEC Internal Regulations
which stipulate the conditions for giving this European Standard the status of a
national standard without any alteration.

Up-to-date lists . and -bibliographical references concerning such national
standards may be obtained on application to the Central Secretariat or to any
CENELEC member.

This European Standard exists in three official versions (English, French,

. German). ‘A version in any other language made by translation under the
responsibility of a CENELEC member into its own language and notified to the
Central Secretariat has the same status as the official versions.

CENELEC members are the national electrotechnical committees of Austria,
Belgium, Denmark, Finland, France, Germany, Greece, Iceland, Ireland, Italy,
Luxembourg, Netherlands, Norway, Portugal, Spain, Sweden, Switzerland and
United Kingdom.

CENELEC

European Committee for Electrotechnical Standardization
Comité Européen de Normalisation Electrotechnique
Europaisches Komitee fiir Elektrotechnische Normung

‘ Central Secretariat: rue de Stassart 35, B-1050 Brussels
© 1995 Copyright reserved to CENELEC members

Ref. No. EN 61000-4-5:1995 + A1:2001 E
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EN 61000-4-5:1995

Foreword

The text of document 65A/77B(C0)41/25, future
edition 1 of IEC 1000-4-5, prepared by SC 654,
System aspects, of IEC TC 65, Industrial-process
measurement and control, was submitted to the
IEC-CENELEC parallel vote and was approved by
CENELEC as EN 61000-4-5 on 1995-03-06.

The following dates were fixed:

— latest date by which the
EN has to be implemented
at national level by
publication of an identical
national standard or by
endorsement

— latest date by which the
national standards
conflicting with the
EN have to be withdrawn (dow) 1996-03-01

Annexes designated “normative” are part of the
body of the standard. Annexes designated
“informative” are given for information only. In this
standard, Annex A and Annex ZA are normative
and Annex B and Annex C are informative.

Annex ZA has been added by CENELEC.

Foreword to amendment Al

The text of documents 77B/291+293/FDIS, future
amendment 1 to IEC 61000-4-5:1995, prepared by
SC 77B, High-frequency phenomena, of IEC TC 77,
Electromagnetic compatibility, was submitted to
the IEC-CENELEC parallel vote and was approved
by CENELEC as amendment Al to

EN 61000-4-5:1995 on 2000-12-01.

The following dates were fixed:

‘ (dop) 1996-03-01

— latest date by which the
amendment has to be
implemented at national
level by publication of an
identical national standard
or by endorsement

— latest date by which the
national standards
conflicting with the
amendment have to be
withdrawn

(dop) 2001-09-01

(dow) 2003-12-01
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Page

Figure 1 — Simplified circuit diagram of
the combination wave generator

Figure 2 — Waveform of open-circuit
voltage (1,2/50 ps)

Figure 3 — Waveform of short-circuit
current (8/20 ps)

Figure 4 — Simplified circuit diagram of
the 10/700 ps impulse generator

Figure 5 — Waveform of open-circuit
voltage (10/700 ps)

Figure 6 — Example of test set-up for capacitive
coupling on a.c./d.c. lines; line-to-line coupling
(according to 7.2)

Figure 7 — Example of test set-up for capacitive
coupling on a.c./d.c. lines; line-to-earth coupling
(according to 7.2)

Figure 8 — Example of test set-up for
capacitive coupling on a.c. lines (3 phases);
line L3 to line L1 coupling (according to 7.2)

Figure 9 — Example of test set-up for
capacitive coupling on a.c. lines (3 phases);
line L3 to earth coupling (according to 7.2),
generator output earthed

Figure 10 — Example of test set-up for
unshielded interconnection lines;
line-to-line/line-to-earth coupling
(according to 7.3), coupling via capacitors
Figure 11 — Example of test set-up for
unshielded unsymmetrically operated lines;
line-to-line/line-to-earth coupling
(according to 7.3), coupling via arrestors
Figure 12 — Example of test set-up for
unshielded symmetrically operated lines
(telecommunication lines);
line-to-line/line-to-earth coupling
(according to 7.4), coupling via arrestors
Figure 13 — Example of test set-up for tests
applied to shielded lines (according to 7.5)
and to apply potential differences
(according to 7.6), conductive coupling

Figure 14 — Example of test set-up for tests
applied to unshielded lines and shielded lines
earthed only at one end (according to 7.5) and
to apply potential differences (according to 7.6),
conductive coupling

Figure B.1 — Example for surge protection
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Introduction
This standard is part of the IEC 1000 series, according to the following structure:

Part 1: General
General considerations (introduction, fundamental principles)
Definitions, terminology
Part 2: Environment
Description of the environment
Classification of the environment
Compatibility levels
Part 3: Limits
Emission limits
Immunity limits (in so far as they do not fall under the responsibility of the product committees)
. Part 4: Testing and measurement techniques
Measurement techniques
Testing techniques
Part 5: Installation and mitigation guidelines
Installation guidelines
Mitigation methods and devices
Part 9: Miscellaneous
Each part is further subdivided into sections which are to be published either as International Standards
or as technical reports.

This section is an International Standard which gives immunity requirements and test procedures related
to surge voltages and surge currents.

1 Scope and object

This section of IEC 1000-4 relates tothe immunity requirements, test methods, and range of recommended
test levels for equipment to unidirectional surges caused by overvoltages from switching and lightning
transients. Several test levels are defined which relate to different environment and installation
conditions. These requirements are developed for and are applicable to electrical and electronic equipment.

. The object of this section is to establish a common reference for evaluating the performance of equipment
when subjected to high-energy disturbances on the power and interconnection lines.

This standard defines:
— range of test levels;
— test equipment;

— test set-up;
— test procedure.

The task of the described laboratory test is to find the reaction of the EUT under specified operational
conditions caused by surge voltages from switching and lightning effects at certain threat levels.

It is not intended to test the capability of the insulation to withstand high-voltage stress. Direct lightning
is not considered in this standard.

This standard does not intend to specify the tests to be applied to particular apparatus or systems. Its main
aim is to give a general basic reference to all concerned product committees of the IEC. The product
committees (or users and manufacturers of equipment) remain responsible for the appropriate choice of the
tests and the severity level to be applied to their equipment.
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2 Normative references

The following normative documents contain provisions which, through reference in this text, constitute
provisions of this section of IEC 1000-4. At the time of publication, the editions indicated were valid. All
normative documents are subject to revision, and parties to agreements based on this section of IEC 1000-4
are encouraged to investigate the possibility of applying the most recent editions of the normative
documents indicated below. Members of IEC and ISO maintain registers of currently valid International
Standards.

IEC 50(161):1990, International Electrotechnical Vocabulary (IEV) — Chapter 161: Electromagnetic
compalibility.

IEC 60-1:1989, High-voltage test techniques — Part 1: General definitions and test requirements.
IEC 469-1:1987, Pulse techniques and apparatus — Part 1: Pulse terms and definitions.

3 General

3.1 Switching transients

System switching transients can be separated into transients associated with:
a) major power system switching disturbances, such as capacitor bank switching;
b) minor switching activity near the instrumentation or load changes in the power distribution system;
c) resonating circuits associated with switching devices, such as thyristors;

d) various system faults, such as short-circuits and arcing faults to the earthing system of the
installation.

3.2 Lightning transients
The major mechanisms by which lightning produces surge voltages are the following:

a) a direct lightning strike to an external circuit (outdoor) injecting high currents producing voltages by
either flowing through earth resistance or flowing through the impedance of the external circuit;

b) an indirect lightning strike (i.e. a strike between or within clouds or to nearby objects which produces
electromagnetic fields) that induces voltages/currents on the conductors outside and/or inside a building;

¢) lightning earth current flow resulting from nearby direct-to-earth discharges coupling into the
common earth paths of the earthing'system of the installation.

The rapid change of voltage and flow of current which may occur when a protector is excited may couple
into internal circuits.
3.3 Simulation of the transients

a) The characteristics of the test generator are such that it simulates the above-mentioned phenomena
as closely as possible;

b) if the source of interference is in the same circuit, e.g. in the power supply network (direct coupling),
the generator may simulate a low impedance source at the ports of the equipment under test;

¢) if the source of interference is not in the same circuit (indirect coupling) as the ports of the
victim-equipment, then the generator may simulate a higher impedance source.

4 Definitions

For the purposes of this section of TEC 1000-4, the following definitions together with those in IEC 50(161)
apply, unless otherwise stated.

4.1
balanced lines

a pair of symmetrically driven conductors with a conversion loss from differential to common mode of less
than 20 dB

4.2
coupling network
electrical circuit for the purpose of transferring energy from one circuit to another
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4.3

decoupling network

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

44

duration

the absolute value of the interval during which a specified waveform or feature exists or continues
[IEC 469-1]

4.5
EUT
equipment under test

4.6
front time
surge voltage
‘ the front time T’ of a surge voltage is a virtual parameter defined as 1,67 times the interval 7 between the
instants when the impulse is 30 % and 90 % of the peak value (see Figure 2)

current surge
the front time 7T of a surge current is a virtual parameter defined as 1,25 times the interval T, between

the instants when the impulse is 10 % and 90 % of the peak value (see Figure 3)
[IEC 60-1 modified]

4.7
immunity
the ability of a device, equipment or system to perform without degradation in the presence of an

electromagnetic disturbance
[IEV 161-01-20]

4.8
electrical installation
an assembly of associated electrical equipment to fulfil a specific purpose or purposes and having

coordinated characteristics
[IEV 826-01-01]

4.9
‘ interconnection lines consist of:
— 1/0 lines (input/output lines);
— communication lines;
— balanced lines

4.10

primary protection

the means by which the majority of stressful energy is prevented from propagating beyond the designated
interface

4.11

rise time

the interval of time between the instants at which the instantaneous value of a pulse first reaches a
specified lower value and then a specified upper value

NOTE Unless otherwise specified, the lower and upper values are fixed at 10 % and 90 % of the pulse magnitude.
[IEV 161-02-05)

4.12
secondary protection

the means by which the let-through energy from primary protection is suppressed. It may be a special
device or an inherent characteristic of the EUT
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4.13

surge

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

[IEV 161-08-11 modified]

4.14

system

set of interdependent elements constituted to achieve a given objective by performing a specified function
NOTE The system is considered to be separated from the environment and other external systems by an imaginary surface which
cuts the links between them and the considered system. Through these links, the system is affected by the environment, is acted upon

by the external systems, or acts itself on the environment or the external systems.
[AEV 351-01-01]}

415

time to half-value T,

the time to half-value T of a surge is a virtual parameter defined as the time interval between the virtual
origin O, and the instant when the voltage current has decreased to half the peak value

[IEC 60-1 modified]

4.16

transient

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

[IEV 161-02-01]

5 Test levels

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

Level Open-circuit ttlag; voltage + 10 %
1 0,5
2 1,0
3 2,0
4 4,0
X Special

NOTE x is an open class. This level can be specified in the product specification.

The test levels shall be selected according to the installation conditions; classes of installation are given
in B.3 of Annex B.

All voltages of the lower test levels shall be satisfied (see 8.2).
For selection of the test levels for the different interfaces, see Annex A.
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6 Test instrumentation

6.1 Combination wave (hybrid) generator (1,2/50 ps — 8/20 pus)

A simplified circuit diagram of the generator is given in Figure 1. The values for the different components
Ry, Ryg, Ry, Ly, and C, are selected so that the generator delivers a 1,2/50 ps voltage surge (at open-circuit
conditions) and a 8/20 Us current surge into a short-circuit, i.e. the generator has an effective output
impedance of 2 (2.

For convenience, an effective output impedance is defined for a surge generator by calculating the ratio of
peak open-circuit output voltage and peak short-circuit current.

Such a generator with 1,2/50 us open-circuit voltage waveform 8/20 ps short-circuit current waveform is
referred to as a combination wave generator (CWG) or hybrid generator.

NOTE 1 The waveform of the voltage and current is a function of the EUT input impedance. This impedance may change during
surges to equipment and due either to proper operation of the installed protection devices, or to flashover or component breakdown,
if the protection devices are absent or inoperative. Therefore the 1,2/50 us voltage and the 8/20 ps current waves have to be available
from the same test generator output as instantaneously required by the load.

. NOTEZ2 Thecombination wave generator described in this standard is identical to the hybrid generator sometimes specified in some
other standards.

6.1.1 Characteristics and performance of the combination wave generator

Open-circuit output voltage:

At least as low as 0,5 kV to at least as high as 4,0 kV
Waveform of the surge voltage see Figure 2 and Table 2
Tolerance of the open circuit output voltage +10 %

Short-circuit output current:
At least as low as 0,25 kA to at least as high as 2,0 kA
Waveform of the surge current see Figure 3 and Table 2 -
Tolerance of the short-circuit output current +10 %

Polarity positive/negative

Phase shifting in a range between 0° to 360° versus the a.c. line

phase angle
Repetition rate at least 1 per min

A generator with floating output shall be used.

. Additional resistors (10-Q or 40 Q) shall be included to increase the required effective source impedances
for the specified test-.conditions (see clause 7 and B.1 of Annex B).

Under these circumstances, the open-circuit voltage waveform and the short-circuit current waveform in
combination with the coupling/decoupling network are no longer 1,2/50 s and 8/20 Us respectively
(combination wave).

6.1.2 Verification of the characteristics of the generator

In order to compare the test results from different test generators, the test generator characteristic shall
be verified. For this purpose, the following procedure is necessary to measure the most essential
characteristics of the generator.

The test generator output shall be connected to a measuring system with a sufficient bandwidth and
voltage capability to monitor the characteristics of the waveforms.

The characteristics of the generator shall be measured under open-circuit conditions (load greater or equal
to 10 k) and under short-circuit conditions (load smaller or equal to 0,1 ) at the same charge voltage.

NOTE Short-circuit current: 0,25 kA minimum with the open-circuit voltage set to 0,5 kV and 2,0 kA minimum with the
open-circuit voltage set to 4,0 kV.

6.2 Test generator 10/700 pus according to CCITT

The simplified circuit diagram of the generator is given in Figure 4. The values for the different components
‘ R, C, R, R, Cs and R,y are defined so that the generator delivers a 10/700 ps surge.
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6.2.1 Characteristics and performances of the generator

Open-circuit output voltage:

At least as low as 0,5 kV to at least as high as 4,0 kV
Waveform of the surge voltage see Figure 5 (IEC 60-1) and Table 3
Tolerance of the open-circuit output voltage +10 %

Short-circuit output current:
At least as low as ' 12,5 A to at least as high as 100 A
Waveform of the surge current see Table 3
Tolerance of the short-circuit output current +10 %

Polarity positive/negative

Repetition rate at least 1 per min

A generator with floating output shall be used.

6.2.2 Verification of the characteristics of the generator
The verification conditions for the 10/700 us test generator are identical to 6.1.2 with the following note.

NOTE Short-circuit current: 12,5 A minimum with the open-circuit voltage set to 0,5 kV, and 100 A minimum with the open-circuit
voltage set to 4,0 kV.

6.3 Coupling/decoupling networks

The coupling/decoupling networks shall not significantly influence the parameters of the generators
e.g. open-circuit voltage, short-circuit current capability as in the specified tolerances.

Exception: Coupling via arrestor.

NOTE Lossy material for the inductances reduces ringing.

Each coupling/decoupling network shall satisfy the following requirements:

6.3.1 Coupling/decoupling networks for a.c/d.c. power supply circuits (only used with
combination wave generator)

The front time and surge time to half value shall be verified for voltage under open-circuit conditions and
for current under short-circuit conditions.

The test generator output or its coupling network shall be connected to a measuring system with a
sufficient bandwidth and voltage capability to monitor the open-circuit voltage waveform.

The short-circuit current waveform can be measured with a current transformer through whose aperture
passes a short-circuit link between the output terminals of the coupling network.

All waveform definitions, as well as all other performance parameters of the test generator, should be as
specified in 6.1.1 at the output of the coupling/decoupling network as well as at the output of the generator
itself.

NOTE When the generator impedance is increased from 2 Q to e.g. 12 Q or 42 Q according to the requirements of the test set-up,
the duration of the test pulse at the output of the coupling network might be significantly changed.

6.3.1.1 Capacitive coupling for power supply circuits

Capacitive coupling enables the test voltage to be applied line to line or one line to earth while the power
supply decoupling network is also connected. The circuit diagrams for single phase systems are shown
in Figure 6 and Figure 7 and for three-phase systems are shown in Figure 8 and Figure 9.

Rated characteristics of the coupling/decoupling network:
Coupling:
coupling capacitors: C=9 uF or 18 uF (see test set-up)
Decoupling:
decoupling inductance for supply voltage: L = 1,5 mH

The residual surge voltage on unsurged lines shall not exceed 15 % of the maximum applicable test voltage
when the EUT is disconnected.
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The residual surge voltage on the power supply inputs of the decoupling network when the EUT and the
power supply network are disconnected, shall not exceed 15 % of the applied test voltage or twice peak
value of the power line voltage whichever is higher.

The above mentioned characteristics for single-phase systems (line, neutral, protective earth) are also valid
for three-phase systems (three-phase wires, neutral and protective earth).

6.3.1.2 Inductive coupling for power supply
Under consideration.

6.3.2 Coupling/decoupling networks for interconnection lines
The coupling method shall be selected as a function of the circuits and operational conditions. This has to
be specified in the product specification.
Examples of coupling methods are the following:
— capacitive coupling;
— coupling via arrestors.

‘ The different set-ups defined in the following subclauses to test a given port of the EUT may not give
comparable results. The most suitable set-up has to be selected in the product specification/standard.

NOTE Ry, in Figure 10 to Figure 12 represents the resistive part of the inductance L and the value is dependent on negligible
attenuation of the transmission signal.

6.3.2.1 Capacitive coupling for interconnection lines

The capacitive coupling is the preferred method for unbalanced unshielded I/O circuits when there is no
influence to the functional communication on that line. The application is in accordance with Figure 10 for
line-to-line coupling and for line-to-earth coupling.
Rated characteristics of the capacitive coupling/decoupling network:

Coupling capacitor C: 0,5 pF

Decoupling inductors L (not current compensated): 20 mH
NOTE Signal current capability has to be considered and is dependent on the circuits under test.

6.3.2.2 Coupling via arrestors

Coupling via arrestors is the preferred coupling method for unshielded balanced circuits
(telecommunication), as shown in Figure 12.

The method can also be used in cases where the capacitive coupling is not possible because of functional
‘ problems caused by attachment of capacitors to the EUT (see Figure 11).

The coupling network also has the task to accommodate the distribution of the surge current in the case of
induced voltages in multiconductor cables.

Therefore the resistances R 5 in the coupling network shall be, for n composite conductors, n X 25 Q
(for n equalto or greater than 2).

EXAMPLE: n=4, R, =4 % 25 Q. With the impedance of the generator the total value is
approximately 40 Q. R4 shall not exceed 250 Q.

The coupling via gas-filled arrestors can be improved by capacitors in parallel with the arrestors.

EXAMPLE: C <0,1 pF for frequencies of the transmission signal on the line below 5 kHz. At higher
frequencies no capacitors are used.

Rated characteristics of the coupling/decoupling network:

-— coupling resistance Ry n x 25 Q (for n equal to or greater than 2)
— arrestor (gas-filled) 90V
— decoupling inductor L 20 mH

(ring core, current compensated)
NOTE 1 In some cases, arrestors with higher activation voltages are used for functional reasons.

NOTE 2 Other elements than arrestors may be used when the operational conditions are not unduly influenced.
. 6.3.3 Other coupling methods

Other coupling methods are under consideration.
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7 Test set-up

7.1 Test equipment
The following equipment is part of the test set-up:

_— equipment under test (EUT);
— auxiliary equipment (AE);
— cables (of specified type and length);
— coupling device (capacitive or arrestors);
— test generator (combination wave generator, 10/700 s generator);
— decoupling network/protection devices;
— additional resistors, 10  and 40 ) (see B.1 of Annex B).

7.2 Test set-up for tests applied to EUT power supply

The surge is to be applied to the EUT power supply terminals via the capacitive coupling network

(see Figure 6, Figure 7, Figure 8 and Figure 9). Decoupling networks are required in order to avoid possible .
adverse effects on equipment not under test that may be powered by the same lines and to provide sufficient

decoupling impedance to the surge wave so that the specified wave may be developed on the lines under

test.

If not otherwise specified the power cord between the EUT and the coupling/decoupling network shall
be 2 m in length (or shorter).

To simulate the representative coupling impedances, in some cases additional specified resistors have to
be used for the tests (explanations, see B.1 of Annex B).

NOTE In some countries (e.g. USA) standards for a.c. lines require the tests according to Figure 7 and Figure 9 witha 2Q
impedance although this is a more severe test. The general requirement is 10 £.

7.3 Test set-up for tests applied to unshielded unsymmetrically operated interconnection lines

In general, the surge is applied to the lines in accordance with Figure 10 via capacitive coupling. The
coupling/decoupling network shall not influence the specified functional conditions of the circuits to be
tested. :

An alternative test set-up (coupling via arrestors) is given in Figure 11 for circuits with a higher signal
transfer rate. Selection shall be made depending on the capacitive load with respect to the transmission
frequency.

If not otherwise specified, the interconnection line between the EUT and the coupling/decoupling network
shall be 2 m in length (or shorter). .

7.4 Test set-up for tests applied to unshielded symmetrically operated
interconnection/telecommunication lines (Figure 12)

For balanced interconnection/telecommunication circuits, the capacitive coupling method can normally not
be used. In this case, the coupling is performed via gas arrestors (CCITT Recommendation K.17). Test
levels below the ignition point of the coupling arrestor (about 300 V for a 90 V arrestor) cannot be specified
(except in the case of secondary protection without gas arrestors).

NOTE Two test configurations are to be considered:
— for the equipment level immunity test with only secondary protection at the EUT at a low test level, e.g. 0,5 kV or 1 kV.
— for the system level immunity test with additional primary protection at a higher test level, e.g. 2 kV or 4 kV.

If not otherwise specified the interconnection line between the EUT and the coupling/decoupling network
shall be 2 m in length (or shorter).
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7.5 Test set-up for tests applied to shielded lines
In the case of shielded lines a coupling/decoupling network may not be applicable.

Thus the surge is applied to the shields (metallic enclosures) of the EUTs and connected shields of the lines
in accordance with Figure 13. For shields connected at one end Figure 14 applies. For decoupling the

connected safety earthwire a safety isolating transformer shall be used. Normally, the maximum length of
the specified shielded cable shall be used. With respect to the frequency spectrum of the surge 20 m length
of the specified shielded cable shall be used in non-inductively bundled configuration for physical reasons.

Rules for application of the surge to shielded lines:
a) Shields earthed at both ends
— the surge injection on the shield shall be carried out according to Figure 13.
b) Shields earthed at one end

— the test shall be carried out according to Figure 14. The capacitor C represents the cable capacity to
earth and the value may be calculated with 100 pF/m. As a representative value 10 nF may be used
. unless otherwise specified.

The test level applied on shields 1s the “line-to-earth value” (2 Q impedance).
7.6 Test set-up to apply potential differences

If it is necessary to apply potential differences which simulate voltages that can occur within a system, the
tests may be carried out in accordance with Figure 13 for systems with shielded lines, shields earthed at
both ends, and in accordance with Figure 14 for systems with unshielded lines or shielded lines earthed
only at one end.

7.7 Other test set-ups

If one of the specified coupling methods in the test set-up cannot be used for functional reasons, alternative
methods (suitable for the special case) shall be specified in the dedicated product standard.

7.8 Test conditions

The operational test conditions and the installation conditions shall be in accordance with the product
specification and shall include the:

— test configuration (hardware);
— test procedure (software).

8 Test procedure

. 8.1 Laboratory reference conditions
In order to minimize the impact of environmental parameters on test results, the test shall be carried out
in climatic and electromagnetic reference conditions as specified in 8.1.1 and 8.1.2.
8.1.1 Climatic conditions

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

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

NOTE Where it is considered that there is sufficient evidence to demonstrate that the effects of the phenomenon covered by this
standard are influenced by climatic conditions, this should be brought to the attention of the committee responsible for this
standard.

8.1.2 Electromagnetic conditions
The electromagnetic environment of the laboratory shall not influence the test results.
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8.2 Application of the surge in the laboratory

The characteristics and performance of the test generators shall be as specified in 6.1.1 and 6.2.1; the
calibration of the generators shall be performed according to 6.1.2 and 6.2.2.

The test shall be performed according to the test plan that shall specify (see also B.2 of Annex B) the test
set-up with:

— generator and other equipment utilized;

— test level (voltage/current) (see Annex A);

— generator source impedance;

— polarity of the surge;

— internal or external generator trigger;

— number of tests: at least five positive and five negative at the selected points;

— repetition rate: maximum 1/min.

NOTE Most protectors in common use have low average power capabilities, even though their peak power or peak energy
handling can deal with high currents. Therefore the maximum repetition rate (the time between two surges and the recovery time)
depends on the built-in protection devices of the EUT.

— inputs and outputs to be tested;

NOTE In the case of several identical circuits representative measurements on a selected number of circuits may be sufficient.
— representative operating conditions of the EUT;

— sequence of application of the surge to the circuits;

— phase angle in the case of a.c. power supply;

— actual installation conditions, for example:

AC: neutral earthed,
DC: (+) or (-) earthed to simulate the actual earthing conditions.

Information on the mode to perform the tests is given in B.2 of Annex B.

If not otherwise specified the surges have to be applied synchronized to the voltage phase at the
zero-crossing and the peak value of the a.c. voltage wave (positive and negative).

The surges have to be applied line to line and line(s) and earth. When testing line to earth the test voltage
has to be applied successively between each of the lines and earth, if there is no other specification.

NOTE When using the combination wave generator to test two or more lines (telecommunication lines) to earth the duration of the
test pulse might be reduced.

The test procedure shall also consider the non-linear current-voltage characteristics of the equipment

under test. Therefore the test voltage has to be increased by steps up to the test level specified in the
product standard or test plan.

All lower levels including the selected test level shall be satisfied. For testing the secondary protection, the
output voltage of the generator shall be increased up to the worst-case voltage breakdown level (let-through
level) of the primary protection.

If the actual operating signal sources are not available, they may be simulated. Under no circumstances
may the test level exceed the product specification. The test shall be carried out according to a test plan.

To find all critical points of the duty cycle of the equipment, a sufficient number of positive and negative
test pulses shall be applied. For acceptance test a previously unstressed equipment shall be used or the
protection devices shall be replaced.

F» 9 Evaluation of test results

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

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

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

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

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

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

10 Test report

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

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

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

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

— any specific conditions necessary to enable the test to be performed;

— performance level defined by the manufacturer; requestor or purchaser;

— performance criterion specified in the generic, product or product-family standard,;

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

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

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

18C oormy

U High-voltage source

R.  Charging resistor

C, Energy storage capacitor

R,  Pulse duration shaping resistor
R, Impedance maiching resistor
L, Rise time shaping inductor

Figure 1 — Simplified circuit diagram of the combination wave generator
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Table 2 — Definitions of the waveform parameters 1,2/50 ys

Definitions

In accordance with 1EC 60-1

In accordance with IEC 469-1

Front time

us

Time to half value

s

Rise time
(10 % -90 %)

us

Duration time
(50 % - 50 %)

s

Open-circuit voltage
Short-circuit current

1,2
8

50
20

1
6,4

50
16

Table 2.

Both definitions are valid for this section of IEC 1000-4 and describe just one single generator.

NOTE In existing IEC publications, the waveforms 1,2/50 ps and 8/20 us are generally defined according to IEC 60-1 as shown
in Figure 2 and Figure 3. Other IEC recommendations are based on waveform definitions according to IEC 469-1 as shown in

17
1.0
8
0.9
0.5 /
T
0.3 A
0.1
0.0
* (o)
Ve T 30 % max. !
I
16C 0aws
Front time: T, =187 x Tu 1,23 £30%
Time to half-value: T, =50 s £ 20 %.
Figure 2 — Waveform of open-circuit voltage (1,2/50 us)
(waveform definition according to IEC 60-1)
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!
1,0
0.9 8
0.8
A T,
01 ¥H¢
0.0
o, T t
T‘ — 30 % max.
1EC 0005
Front ime: T‘- 125x T=8ust20%
Time to hall-vaive: T,= 20 us £ 20 %.
Figure 3 — Waveform of short-circuit current (8/20 ps)
(waveform definition according to IEC 60-1)
si
P
R, Ry Bma
/ a | e T | g W
T — | SE. e
17} cc -l- R‘ c. T
IBC 0095
High-voltage source
Charging resistor
Energy storage capacitor (20 pF)

Pulse duration shaping resistor (50 Q)

Impedance matching resistors (R, = 18 Q; R_, » 25 Q)
Rise time shaping capacitor (0,2 uF)

Switch closed when using external matching resistors

Figure 4 — Simplified circuit diagram of the 10/700 Us impulse generator
(according to CCITT, Blue book Vol. IX, Figure 1/K.17)

poB0DC
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Table 3 — Definitions of the waveform parameters 10/700 ps

Definitions In accordance with CCITT, Blue book, In accordance with IEC 469-1
Vol. X
Front time Time to half-value Rise time Duration time
(10 % - 90 %) (50 % — 50 %)
Hs us us us
Open-circuit voltage 10 700 6,5 700 :
Short-circuit current — — 4 300
NOTE In existing IEC and CCITT publications, the waveform 10/700 ps is generally defined according to IEC 60-1 as shown
in Figure 5. Other IEC recommendations are based on waveform definitions according to IEC 469-1 as shown in Table 3.
Both definitions are valid for this section of IEC 1000-4 and describe just one single generator.
v
1.0
8
0.9
-
0.8
—7 -
0,3 A
0, -
0,0
°1 la T t
7,
IEC 101%8
Front time: T,=167xT=10us230%
Time to half-value: Ta = 700 us t 20 %.
Figure 5 — Waveform of open-circuit voltage (10/700 ps)
(waveform definition according to CCITT)
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Combination wave

generator
Decoupling network l
C = 18 uF
: [R—
T — - ;
AC (DC) N T
power supply - EUT
network iR .L
PE T T
- Earth reference

IEC M9S5S

Figure 6 — Example of test set-up for capacitive coupling on a.c./d.c. lines; line-to-line
coupling (according to 7.2)

Combination wave
generator R
Re100
)- C=9puF
Deocoupling network 9
L L
L .
AC (DC) N T
power supply & EUT
network . l
® el T T
Earth relerence
L

- 1EC 103PS

Figure 7 — Example of test set-up for capacitive coupling on a.c./d.c. lines;
line-to-earth coupling (according to 7.2)
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Combingtion wave
generstor
C=18 pF
82
17 29 ) 134
81 1
—o/ :
g
Decoupling network
L ¢
T A
eyLT N
Ac 1
power supply vl T EUT
network l
NI T
L1 1L
PE T 1" T T
Earth reference
<
1EC 10493
Figure 8 — Example of test set-up for capacitive coupling on a.c. lines (3 phases);
line L3 to line L1 coupling (according to 7.2)
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B

Combination wave
generator
AR=10Q
81 G-OpF
0
N 82
1 2 3) ¢
Decoupling network
L .
1L &
2l T -
AC 'L
power supply s U5 B EUT
network N =]I-_
+ N
1 L. L L
PE TTTT
Earth reference
-
4 EC 0398
1) Switch St
- line 1o earth: position 0
2) Switch §2
~ during test positions 1 %0 4

Figure 9 — Example of test set-up for capacitive coupling on a.c. lines (3 phases);
line L3 to earth coupling (according to 7.2); generator output earthed
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R
Combination wave
generator
AR=400
C=0S8pF
82
L. IO 1 zr il &S
81 o
Auxiliary Protection Deobipling netwotk
equipment equipment
S  —
N {2
L | — EUT
S  —
L R
I T Earth reference
- - .L
= IEC 10875
1) Switch S1
- ling to earth: position 0
—line 10 line: positions 1 10 4
2) Switch S2
- during the tast positons 1 10 4, but not in the same
position with switch St

3) L=20mH, R_reprasents the resistive partof L

Figure 10 — Example of test set-up for unshielded interconnection lines;
line-to-line/line-to-earth coupling (according to 7.3), coupling via capacitors
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Combination wave
generator
R=400
[~
82
= 10 i 2] 3 o
[ ex
81 of
Auxiliary Protection Dacoupling network
equipment equipment
T3 -
L -}
- - EUT
- L
L R .
-l- -l- Earth reference
._!.. IEC 10993
1) Switch S1
. - line to earth: pashion 0
- line to line: positions 1 to 4
2) Switch 82
- during the teat positions 1 to 4. but not in the same
position with switch S1
3) L =20 mH, R represents the resistive pan ol L
Figure 11 — Example of test set-up for unshielded unsymmetrically operated lines;
line-to-line/line-to-earth coupling (according to 7.3), coupling via arrestors
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Test generator

__/".':f] Eﬂ ] ﬁ]

= S1°%

Auxiliary Protection Decoupling network
equipment  equipment

}
|

XLE_;L

1

DC
P

S EUY
L
<
L R
-.L- -L Earth reference
i ':l" 1EC 10893

m) Switch §1
- line to earth: position 0
- line to line: positions 1 10 4 (1 lina in lurn earthed)

b) Cakulation of R _, when using CWG (1,2/50 ps generator)

-~

Example for n = 4:
R,=4x400= 160, max. 250 Q
Calculation of R, whan using 10/700 s ganerator

The internal matching resistor R_, (25 Q) is replaced by extemal A , = n x 25 O
per conductor (for n conductors with n equal or greater than 2).

Examplé for n = 4.
R,=4x25Q= 100 Q, A, shall not exceed 250 Q

¢) C = 0,1 pF for fraquencies of the vansmission signal below 5 kHz;
at higher frequencies no cspacitors are used

d) L=20mH, A value depending on negligible attenuation of the transmission signal

Figure 12 — Example of test set-up for unshielded symmetrically operated lines
(telecommunication lines); line-to-line/line-to-earth coupling (according to 7.4),
coupling via arrestors
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Salety insufation Sately insulation
wransiormer transtormer
L - — L
Nﬂ[]|I: '_]l:_N
PE — PE
it L
- EUT -
iIs20m
Test
~ 3 3 generator
‘ . _]_. ) Earth reference

IBC Iwvwy

Figure 13 — Example of test set-up for tests applied to shielded lines (according to 7.5)
and to apply potential differences (according to 7.6), conductive coupling

Safely insulation Safety insulation
transformer translormer

L= - L
I Rty
PE =< — PE

)| L

EUT Y -

je20m
C = 10 nF Test
SRS generator
. Earth reference

. IEC 11098
Figure 14 — Example of test set-up for tests applied to unshielded line

s and shielded lines
earthed only at one end (according to 7.5) and to apply potential differences
(according to 7.6), conductive coupling
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Annex A (normative)
Selection of generators and test levels

The selection of the test levels shall be based on the installation conditions. For this purpose Table A.1
should be used, together with information and examples given in B.3 of Annex B where:

Class 0: Well-protected electrical environment, often within a special room.

Class 1: Partly protected electrical environment.

Class 2: Electrical environment where the cables are well separated, even at short runs.
Class 3: Electrical environment where cables run in parallel.

Class 4: Electrical environment where the interconnections are running as outdoor cables along with
power cables, and cables are used for both électronic and electric circuits.

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

Class x: Special conditions specified in the product specification.

Additional information is given in Figure B.1 to Figure B.3 of Annex B.

To demonstrate the system level immunity, additional measures relevant to the actual installation
conditions, e.g. primary protection, should be taken.
Table A.1 — Selection of the test levels (depending on the installation conditions)

Installation Test levels
class Power supply Unbalanced operated Balanced operated SDB, DB
circuits/lines, LDB circuits/lines
Coupling mode Coupling mode Coupling mode Coupling mode
Line to line Line to |Line toline| Lineto . |Line toline Line to Line to line Line to
earth earth ) earth earth

kV kV kV kV kV kV kV kV

0 NA NA NA NA NA NA NA NA

1 NA 0,5 NA 0,5 NA 0,5 NA NA

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

3 1,0 2,0 1,0 2,0¢ NA 2,0¢ NA NA

4 2,0 4,0c 2,0 4,0¢ NA 2,0¢ NA NA

5 b b 2,0 4,0¢ NA 4,0c NA NA

X

Explanation:

DB = data bus (data line)
SDB = short-distance bus
LDB = long-distance bus
NA = not applicable

= Limited distance, special configuration, special layout, 10 m to max. 30 m: no test is advised at interconnection cables up to 10 m,
only class 2 is applicable.

® Depends on the class of the local power supply system.

¢ Normally tested with primary protection.

The surges (and test generators) related to the different classes are as in the following:

Classes 1 to 4: 1,2/50 us (8/20 pis).
Class 5: 1,2/50 us (8/20 us) for ports of power lines and short-distance signal circuits/lines.
10/700 ys for ports of long-distance signal circuits/lines.

The source impedances shall be as indicated in the figures of the test set-ups concerned.
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Annex B (informative)
Explanatory notes
B.1 Different source impedances
The selection of the source impedance of the generator depends on:
— the kind of cable/conductor/line (a.c. power supply, d.c. power supply, interconnection, etc.);
— the length of the cables/lines;
— indoor/outdoor conditions;
— application of the test voltage (line to line or lines to earth).

The impedance of 2 Q) represents the source impedance of the low-voltage power supply network. The
generator with its effective output impedance of 2 Q is used.

The impedance of 12 7 (10 Q + 2 Q) represents the source impedance of the low-voltage power supply
network and earth.

The generator with an additional resistor of 10 Q2 in series is used.
‘ The impedance of 42 Q (40 ) + 2 Q) represents the source impedance between all other lines and earth.
The generator with an additional resistor of 40 Q in series is used.

In some countries (for instance, USA) standards for a.c. lines require the tests according to Figure 7
and Figure 9 with a 2 Q impedance; this is a more severe test. The general requirement is 10 Q.

B.2 Application of the tests
Two different kinds of tests are to be distinguished: at equipment level and at system level.
B.2.1 Equipment level immunity

The test shall be carried out in the laboratory on a single EUT. The immunity of the EUT thus tested is
referred to equipment level immunity. :

The test voltage shall not exceed the specified capability of the insulation to withstand high-voltage stress.
B.2.2 System level immunity

The test carried out in the laboratory refers to the EUT. The equipment level immunity does not assure the
immunity of a system 1in all cases. For that reason a test on system level is advised which simulates the
real installation. The simulated installation comprises protective devices (arrestors, varistors, shielded
lines, etc.) and the real length and type of the interconnection lines.

This test is aimed at simulating as closely as possible the installation conditions in which the EUT or EUTs
are intended to function later-on.

‘ In the case of the immunity under real installation conditions, higher voltage levels can be applied, but the
energy involved will be limited by the protective devices according to their current-limiting characteristics.

The test is also intended to show that secondary effects produced by the protective devices (change of
waveform, mode, amplitude of voltages or currents) do not cause unacceptable effects on the EUT.

B.3 Installation classification

Class 0 Well-protected electrical environment, often within a special room

All incoming cables are provided with overvoltage (primary and secondary) protection. The
units of the electronic equipment are interconnected by a well-designed earthing system,
which is not egsentially influenced by the power installation or lightning.

The electronic equipment has a dedicated power supply (see Table A.1).
Surge voltage may not exceed 25 V.
Class 1 Partly protected electrical environment

All incoming cables to the room are provided with overvoltage (primary) protection. The units
of the equipment are well interconnected by an earth line network, which is not essentially
influenced by the power installation or lightning.
The electronic equipment has its power supply completely separated from the other
equipment.
Switching operations can generate interference voltages within the room.

‘ Surge voltage may not exceed 500 V.
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Class 2 Electrical environment where the cables are well separated, even at short runs
The installation is earthed via a separate earth line to the earthing system of the power
installation which can be essentially subjected to interference voltages generated by the
installation itself or by lightning. The power supply to the electronic equipment is separated
from other circuits, mostly by a special transformer for the power supply.
Non-protected circuits are in the installation, but well separated and in restricted numbers.
Surge voltages may not exceed 1 kV.

Class 3 Electrical environment where power and signal cables run in parallel
The installation is earthed to the common earthing system of the power installation which can
be essentially subjected to interference voltages generated by the installation itself or by
lightning.
Current due to earth faults, switching operations and lightning in the power installation may
generate interference voltages with relatively high amplitudes in the earthing system.
Protected electronic equipment and less sensitive electric equipment are connected to the
same power supply network. The interconnection cables can be partly outdoor cables, but close
to the earthing network.
Unsuppressed inductive loads are in the installation and usually there is no separation of the
different field cables.
Surge may not exceed 2 kV.

Class 4 Electrical environment where the interconnections are running as outdoor cables along with
power cables, and cables are used for both electronic and electric circuits
The installation is connected to the earthing system of the power installation which can be
subjected to interference voltages generated by the installation itself or by lightning.
Currents in the kA range due to earth faults, switching operations and lightning in the power
supply installation may generate interference voltages with relatively high amplitudes in the
earthing system. The power supply network can be the same for both the electronic and the
electric equipment. The interconnection cables are running as outdoor cables even to the
high-voltage equipment.
A special case of this environment is when the electronic equipment is connected to the
telecommunication network within a densely populated area. There is no systematically
constructed earthing network outside the electronic equipment, and the earthing system
consists of pipes, cables ete. only,
Surge voltage may not exceed 4 kV.

Class 5 Electrical environment for electronic equipment connected to telecommunication cables and
overhead power lines in a non-densely populated area
All these cables and lines are provided with overvoltage (primary) protection. Qutside the
electronic equipment there is no widespread earthing system (exposed plant). The interference
voltages due to earth faults (currents up to 10 kA) and lightning (currents up to 100 kA) can
be extremely high.
The requirements of this class are covered by the test level 4 (see Annex A).

Class x Special conditions specified in the product specifications

Examples for the installation of electronic equipment in different areas are given in Figure B.1, Figure B.2
and Figure B.3.
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B.3.1 Equipment level immunity of ports connected to the power supply network
The minimum immunity level for connection to the public supply network is:

— Line-to-line coupling: 0,5 kV (test set-up see Figure 6 and Figure 8).
— Line-to-earth coupling: 1 kV (test set-up see Figure 7 and Figure 9).
B.3.2 Equipment level immunity of ports connected to interconnection lines

Surge tests on interconnection circuits are only required for external connections (outside of the
cabinet/housing).

If it is possible to test at the system level (EUT with interconnection cables connected) it is not necessary
to test at the equipment level (e.g. ports of the process-control/signal inputs/outputs) especially in cases
where the shield of the interconnection cable is part of the protection measure. If the installation of the
plant is carried out by someone other than the manufacturers of the equipment, the admissible voltage for
the inputs/outputs (especially for the process interface) of the EUT should be specified.

The manufacturer should test his equipment on the basis of the specified test levels to confirm the

. equipment level immunity, e.g. with secondary protection at the ports of the EUT for a level of 0,5 kV. The
user of the plant or those responsible for the installation should then apply measures (e.g. shielding,
bonding, earthing protection) necessary to ensure that the interference voltage caused by, for example,
lightning strikes does not exceed the chosen immunity level.

EUT 1 Shielded cable EUT 2
e.9. e.q.
CPU tarminal
T ]
Common earth reference j:.-
1EC 111393

Figure B.1 — Example for surge protection by shielding in buildings with common
earth reference system

Shielded
cable

it
1

Earth reference

Unshielded cable
= Shielded
cable EUT 2

4 a.g.
S«io I terminal

> Y {

< Earth reference

1EC 11293

Figure B.2 — Example for secondary surge protection in buildings with separate common
earth reference systems
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NN wgrieg
mtocﬁon
EUT
0.9 : B
CP!
Secondary
protection
- EUT 2
-J_ 0.1.
1 Shislded terminal
- cable
Primary .
Unshielded cable protection ) ¢ eonannd
protection
= " 1393
Figure B.3 — Example for primary and secondary surge protection of indoor-outdoor
equipment
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Annex ZA (normative)
Other international publications quoted in this standard with the references of
the relevant European publications

This European Standard incorporates by dated or undated reference, provisions from other publications.

These normative references are cited at the appropriate places in the text and the publications are listed

hereafter. For dated references, subsequent amendments to or revisions of any of these publications apply
to this European Standard only when incorporated in it by amendment or revision. For undated references
the latest edition of the publication referred to applies.

NOTE When the international publication has been meodified by CENELEC common modifications, indicated by (mod), the relevant

EN/HD applies.

IEC publication Date Title EN/HD Date

50(161) 1990 International Electrotechnical Vocabulary (IEV) — —
Chapter 161: Electromagnetic compatibility

60-1 1989 High-voltage test techniques — HD 588.1S1 1991

. Part 1: General definitions and test requirements

(corrigenda March 1990 + March 1992)

469-1 1987 Pulise techniques and apparatus — e —
Part 1: Pulse terms and definitions
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