IEC TR 61643-03:2024-07(en)

IEC TR 61643-03

Edition 1.0 2024-07

TECHNICAL
REPORT

(b/
RS ' T

Low-voltage surge protective devices — Q<<
Part 03: SPD testing guide 1%



https://iecnorm.com/api/?name=b5b74a67b5e716fc22ecd7d38bbc3a06

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2024 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from
either IEC or IEC's member National Committee in the country of the requester. If you have any questions about IEC
copyright or have an enquiry about obtaining additional rights to this publication, please contact the address below or

IEC Secretariat

your local IEC member National Committee for further information.

Tel.: +41 22 919 02 11

3, rue de Varembé info@iec.ch
CH-1211 Geneva 20 www.iec.ch
Switzerland
About|the IEC
The International Electrotechnical Commission (IEC) is the leading global organization that prepares and!publishes

Interngtional Standards for all electrical, electronic and related technologies.

Aboutl IEC publications

The technical content of IEC publications is kept under constant review by the IEC. Please makecsure that you hgve the

latest gdition, a corrigendum or an amendment might have been published.

IEC pyblications search - webstore.iec.ch/advsearchform IEC Products & Services Portal- products.iec.ch

The advanced search enables to find IEC publications by a Discover our powerful searchiengine and read freely|all the

variety| of criteria (reference number, text, technical publications previews, gfaphical symbols and the glpssary.

commiftee, ...). It also gives information on projects, replaced  With a subscription you will"always have access to up fo date

and withdrawn publications. content tailored to youryneeds.

IEC Jyst Published - webstore.iec.ch/justpublished Electropedia « www.electropedia.org

Stay up to date on all new IEC publications. Just Published  The world's feading online dictionary on electrotechhology,

detailsfall new publications released. Available online andonce  containing’more than 22 500 terminological entries in English

a month by email. and Fréngh, with equivalent terms in 25 additional landuages.
. Alsoknown as the International Electrotechnical Vocgbulary

IEC Cystomer Service Centre - webstore.iec.ch/csc (IEV) online.

If you Wish to give us your feedback on this publication or need

further|
Centre

assistance, please contact the Customer Service
sales@iec.ch.



mailto:info@iec.ch
https://www.iec.ch/
https://webstore.iec.ch/advsearchform
https://webstore.iec.ch/justpublished
https://webstore.iec.ch/csc
mailto:sales@iec.ch
https://products.iec.ch/
http://www.electropedia.org/
https://iecnorm.com/api/?name=b5b74a67b5e716fc22ecd7d38bbc3a06

IEC TR 61643-03

Edition 1.0 2024-07

TECHNICAL
REPORT

“ colour
inside
Low-voltage surge protective devices —

Part 03: SPD testing guide

INTERNATIONAL

ELECTROTECHNICAL

COMMISSION

ICS 29.240.01; 29.240.10 ISBN 978-2-8322-7999-1

Warning! Make sure that you obtained this publication from an authorized distributor.

® Registered trademark of the International Electrotechnical Commission



https://iecnorm.com/api/?name=b5b74a67b5e716fc22ecd7d38bbc3a06

-2- IEC TR 61643-03:2024 © IEC 2024

CONTENTS
O ] T I PP
INTRODUGCTION ..ttt et e e e e et e e et et e et e et e et e et e e eanns
1 1o o 1= S P
2 NOrmMative referENCES ... e
3 Terms and definitioNs ...
4  Correspondence between this document and the tests in IEC 61643-x1 ...........ccovvnnee.
5 Probe application — residual voltage measurements .................oceeieeieeieeeeeeieneieeieeeen e,
5.1 L@ A=Y T 1 PRSP b4 SO
5P BN EIAl. e g e f
5.B Guidance for the test arrangement.............cooiiiiiiiiiiin O e
b.3.1 GENEIAl .o AT
b.3.2 Method 1: Voltage probe placed at a certain distance......... 5 ...l
b.3.3 Method 2: Minimized loop of measurement lines..........a.. ™ i,
b.3.4 Combination of method 1 and method 2 for pigtail connections..................
6 nsulation resistance and dielectric withstand ... N
6./l General. ..o S
6.p Surfaces which are touchable after installation asifor normal use are as
L{0] 11 1= PP
6.B Surfaces on which the SPD can be mounted.or it can be in contact with
MeEtal SUMACES: oo e e
6.4 CONCIUSIONS: ceiiiiiiiiei e O e
6.p Example of a test-set-up to measurélthe Insulation Resistance according to
9.3.7 and the Dielectric Withstand.according to 9.3.8 of IEC 61643-01:—.........
7 KO AV AR 1=1=3 1 o [ PP
7.1 TOV testing of SPDs for ACTpower SYStemS .......oouiiiiiiiiiiic e
7. TOV testing of SPDs for DC power SystemS .......c.ooviiiiiiiiiiiiciece e
8 [est application to SPDs-with multiple components ...
8.1 BNl e s
8.p Example of asmultiple series spark gap with resistive/capacitive trigger
(o701 1 oY I P
8.B Example of a series spark gap with resistive/capacitive trigger control and
with a parallel connected series connection of GDT + MOV(S) ......ccvveviinniinnnen.
8.4 Example of a 3-electrode GDT with parallel MOV bypass/trigger control ...........
8.p Example of a 4-electrode spark gap with GDT + MOV trigger control ................
8.p Example of a GDT with parallel connected series connection of GDT + MOV ... |...
8. Example of a 3-electrode spark gap with trigger transformer.................................
9  SPD coordination teStiNg ......couiiii
9.1 Energy Coordination ...
9.2 Let-through energy (LTE) method ...
9.2.1 LT o= = | P
9.2.2 1Y TN 4 o Yo [ PP
9.3 Energy and voltage protection coordination method ...
9.3.1 LT o= = | P
9.3.2 Coordination Criteria .. ...
9.3.3 Coordination teChNIQUES .....cei i
9.3.4 Coordination teSt ... i

10 System level immunity te€StiNg.. .o

19

20
21

22
23

23
26
27

27

28


https://iecnorm.com/api/?name=b5b74a67b5e716fc22ecd7d38bbc3a06

IEC TR 61643-03:2024 © IEC 2024 -3-

1O O 1= 4 = - | P 40
10.2 SPD discharge current test under normal service conditions: ................ccoiii. 40
10.3 Induction test due to lightning currents: ..o 40
10.4 Recommended test classification of system level immunity (following
IEC B1000-4-5 ) ottt e et et ea e eas 40
Annex A (informative) Critical investigation on the impulse current specification for T1
SPDs when testing Metal Oxide Varistors ........c.oooiiiiiiii e 42
A1 History and background ... e 42
A.2 General iINformation ... ... 42
AB Festprogramandinrstruetiors—m—o0—0——727—7""7+7-"7°-"++""""""""7 ... 43
A.3.1 Detailed inStructions ..o O ...43
Al@ Details and results of interlaboratory comparison tests ................co.oo@nd . ...44
\.4.1 Single diSC reSUILS ..o S ...45
\.4.2 Double bloCK results ... e ...46
Ap Conclusions from interlaboratory test results.............coooiii Gl .47
A6 Further investigations and comparison tests in CTl..............Gr b, ... 47
A.G.1 EXaMIPIES e T ...48
\.G.2 Overview single diSC reSUITS.........ouiiiiiii e e e ...49
\.6.3 Overview double block results ........ ..o S ...49
Al Final CONCIUSIONS ..o et ...49
Anngx B (informative) lllustration of the terms mode of protection, current path and
CUITENT DranCh . e .51
B.|1 Examples of SPDs with one single moderof protection ...............cccooiiiiiininl. ...51
B.p Examples of multimode SPDsS ... 8 ...52
BibliQGrap Y ..o N e ...55
Figuge 1 — 8/20 current impulse and induced voltage .........coooeiiiiiiiiii e ...10
Figure 2 — Test arrangement A .. I
Figune 3 — Test arrangement Bl .o .12
Figule 4 — Test arrangement C ... .13
Figue 5 — Measured voltages of test arrangements A, B and C during 8/20 current
APP At ON o s ...13
Figure 6 — Routingrof the measurement lines of an SPD having a single mode of
[T e 1= o] 4o o I S .15
Figune 7 — Wreng routings of the measurement lines ... .15
Figure 8 ~Routing of the measurement lines of a multimode SPD, example 1 .................. ...16
Figune-8—Routing-of-the-measurementtines-ofa-multimede-SRPB—example2——————— .16
Figure 10 — Example for the application of method 2 at an SPD having a single mode
Lo o] o) 4= o1 1o Yo VS PN 17
Figure 11 — Example for the application of method 1 and method 2 where the SPD is
provided with pigtail CONNECLIONS .. ... o e 18
Figure 12 — Wrong routings of the pigtails together with the measurement lines where
the SPD is provided with pigtail connections ...........cccooiiiii i 18
Figure 13 — Examples of a three-phase and single-phase test setup for use in testing
SPDs for application in TT systems under TOVs caused by faults in the high (medium)
(011 2= Lo [T ] VA (=T o o PPN 24
Figure 14 — Example of a three-phase test setup for use in testing SPDs for use in IT
systems under TOVs caused by faults in the high (medium) voltage system ......................... 25
Figure 15 — Vector diagram for the voltages in the test setup in Figure 14 .................cociill 26


https://iecnorm.com/api/?name=b5b74a67b5e716fc22ecd7d38bbc3a06

-4 - IEC TR 61643-03:2024 © IEC 2024

Figure 16 — Example of a test setup for use in testing SPDs intended to be connected
to a DC system, which is derived from an AC TT system without separation, under
TOVs caused by faults in the high (medium) voltage system ...........ccooiiiiiiiici e, 27

Figure 17 — Example of a test setup for use in testing SPDs intended to be connected
toa DC TT system, which is derived from another earthed DC system, under TOVs

caused by faults in the high (medium) voltage system..........ccooiiiii i, 27
Figure 18 — multiple series spark gap with resistive /capacitive trigger control ...................... 28
Figure 19 — series spark gap with capacitive trigger control ... 29
Figure 20 — 3-electrode GDT with parallel MOV bypass/trigger control...........c..ccooeiiiininnen. 29
Figure24t—=4=etectrodesparkgapwith 6D WOVtriggercontrot——————————————————— ...30

Figune 22 — GDT with parallel connected series connection of GDT + MOV ............... L. . 31
Figune 23 — 3-electrode spark gap with trigger transformer ............coocoii b 31
Figune 24 — LTE — Coordination method with standard pulse parameters .........5 07 .......... 33
Figune 25 — SPDs arrangement for the coordination test..............o.cooo L ere . 38

SErVIEE CONAITIONS ...ttt e ettt e e e e eans .41
Figune 27 — Example circuit of an induction test due to lightning currents.......................... ...41

consisting of one current branch ... N .51

, yellow arrows), but consisting of only one curréntbranch........................coon ...52

two durrent branches (L-N and N-PE) ... e ...52

Figurne B.4 — SPD with two modes of protection (L-N, N-PE) or three modes of
protection (L-N, N-PE, L-PE) as deglared by the manufacturer, each mode of
protelction comprises one currentpath (blue, green, yellow arrows), but each mode of
protection or current path consists of two current branches (e.g. L to common
conngction point and N to cammon connection point).........cccoeiiiiiiiiiiii e ...53

B.5 — SPD with two.modes of protection (L-N, N-PE) or three modes of
ction (L-N, N-PE(~PE) as declared by the manufacturer, each mode of
ction comprises two current paths (blue, green, orange arrows)..........ccoevvvvvinnennnennn. ...54

B.6 — SPD:with two modes of protection (L-N, N-PE) or three modes of
ction (L-N,AN-PE, L-PE) as declared by the manufacturer and containing three
nt branehés (blue, green, yellow arrows) in total, each mode of protection

Table 1 — Correspondence between this document and the IEC 61643-x1 series.................... 9
Table 2 — Values to be calculated ... ... 34
Table 3 — Normalised division factors for a CWG ..o 34
Table 4 — Resulting calculation from Table 2 and Table 3 ..., 35

Table 5 — Test procedure for coordination ... 39


https://iecnorm.com/api/?name=b5b74a67b5e716fc22ecd7d38bbc3a06

IEC TR 61643-03:2024 © IEC 2024 -5-

1)

2)

3)

4)

5)

6)

7)

8)

9)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

LOW-VOLTAGE SURGE PROTECTIVE DEVICES -
Part 03: SPD Testing Guide

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardizationom
all|national electrotechnical committees (IEC National Committees). The object of IEC is to promotelintern
cotoperation on all questions concerning standardization in the electrical and electronic fields. Tol this er
in pddition to other activities, IEC publishes International Standards, Technical Specifications, Technical R4
Puplicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publigation(s)”).
prg¢paration is entrusted to technical committees; any IEC National Committee interested in the subject ded
may participate in this preparatory work. International, governmental and non-governmentalorganizations |
with the IEC also participate in this preparation. IEC collaborates closely with the International Organizat
Standardization (ISO) in accordance with conditions determined by agreement between the two organizati

Thie formal decisions or agreements of IEC on technical matters express, as neafly as possible, an intern
cohsensus of opinion on the relevant subjects since each technical committee has representation fr
interested IEC National Committees.

IEC Publications have the form of recommendations for internationalh\use and are accepted by IEC N
Cdmmittees in that sense. While all reasonable efforts are made to’ensure that the technical content
Publications is accurate, IEC cannot be held responsible for/the“way in which they are used or f
miginterpretation by any end user.

In |order to promote international uniformity, IEC NationalkCommittees undertake to apply IEC Publig
transparently to the maximum extent possible in their national and regional publications. Any divergence b¢g
any IEC Publication and the corresponding national or fegional publication shall be clearly indicated in the

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conf
aspessment services and, in some areas, access_to |[EC marks of conformity. IEC is not responsible f
sefvices carried out by independent certification.bodies.

Alllusers should ensure that they have the latést edition of this publication.

Nq liability shall attach to IEC or its directors, employees, servants or agents including individual exper
megmbers of its technical committees and’IEC National Committees for any personal injury, property dam
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fee
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othe
Publications.

Atlention is drawn to the Normative references cited in this publication. Use of the referenced publicati
indispensable for the correct application of this publication.

IEC draws attention( to the possibility that the implementation of this document may involve the use
patent(s). IEC takés no position concerning the evidence, validity or applicability of any claimed patent ri
regpect thereof~As-of the date of publication of this document, IEC had not received notice of (a) patent(s),
mgay be required to implement this document. However, implementers are cautioned that this may not rep
thg latest information, which may be obtained from the patent database available at https://patents.ied
www.iso-org/patents. IEC shall not be held responsible for identifying any or all such patent rights.
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IEC TR®61643-03 has been prepared by subcommittee 37A: Low-voltage Surge Protd
Devices, of IEC technical committee 37: Surge Arrestors. It is a Technical Report.

ctive

The text of this Technical Report is based on the following documents:

Draft Report on voting

37A/XX/DTR 37A/XX/IRVDTR

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

The language used for the development of this Technical Report is English.
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/publications.

A list of all parts in the IEC 61643, published under the general title Low-voltage surge
protective devices, can be found on the IEC website.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e reconfirmed,
e wjithdrawn,
e replaced by a revised edition, or

e amended.

IMPORTANT - The "colour inside” logo on the cover page-of this document indicItes
that it contains colours which are considered to be usefukforthe correct understanding
of its contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

It has been assumed in the preparation of this document that the execution of its provisions is
entrusted to appropriately qualified and experienced persons.

Throughout this document, when the “IEC 61643-x1 series” is mentioned, it refers to all parts
of the IEC 61643 series of standards that deal with testing of SPDs, e.g. IEC 61643-01,
IEC 61643-11.

This part of the IEC 61643 serles addresses correct test execut|on and accurate mterpretatlon
of mgasure Hs-atso-intender sr-enhancerepeatat ~omparability

The pew SPD classification T1 SPD, T2 SPD and T3 SPD is relating to the farmer test glass
oriented classification Class | tests, Class |l tests and Class Il tests.
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LOW-VOLTAGE SURGE PROTECTIVE DEVICES -

Part 03: SPD Testing Guide

1 Scope

2024

This part of IEC 61643, which is a Technical Report, applies to SPD testing in accordance with

the IEC 61643-x1 series and for SPD coordination and system level immunity purposes;

It ai
inter
comg
level

s to provide guidance and helpful information for correct test execution and acc

for the test results obtained.

The fnain subjects are:

T
T
- P
S
S

st application

st arrangement/setup
Fobe application

PD coordination testing

ystem level immunity testing

2 Normative references

The f
cons
For

amer

For t
follov

IEC 6
test 1

IEC ¢
conn

pllowing documents are referred to inthe text in such a way that some or all of their co
itutes requirements of this document. For dated references, only the edition cited ap
undated references, the latest edition of the referenced document (including

pcted 1o low-voltage power systems — Requirements and test methods

retation of measurement results. It is also intended to further enhance repeatability
arability throughout different test laboratories and to establish an acceptable accliracy

dments) applies.

e purposes of this document the normative references given in IEC 61643-01:— 1 an
ing apply.

1643-01:—, Low-voltage surge protective devices — Part 01: General requirements
nethods

51643-14"—2, Low-voltage surge protective devices — Part 11: Surge protective de

urate
and

ntent
Dlies.
any

d the

and

Vices

IEC 61643-12:2020, Low-voltage surge protective devices — Part 12: Surge protective devices
connected to low-voltage power systems — Selection and application principles

IEC 61643-41:—3, Low-voltage surge protective devices — Part 41: Surge protective devices
connected to DC low-voltage power systems — Requirements and test methods

1T Under preparation. Stage at the time of publication: IEC/ACDV 61643-01:2023.

2 Under preparation. Stage at the time of publication: IEC/ACDV 61643-11:2023.

3 Under preparation. Stage at the time of publication: IEC/ACDV 61643-41:2023.
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3 Terms and definitions
For the purposes of this document, the terms and definitions given in IEC 61543-01:— apply.

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

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

4 (Correspondence between this document and the tests in IEC 61643-x1

Tablg 1 provides information on which clauses of this document should apply to €értain [tests
from fthe IEC 61643-x1 series.

Table 1 — Correspondence between this document and the IEC 61643-x1 series

IEC 61643-03 clause reference Relevance for test clauses in the IEC 61643-k1
series

5 Hrobe application — residual voltage measurements | 9.1.1, Table 3, pass criterion D
9.3.4 measuredilimiting voltage,
9.3.5 operating duty test,

9.6.5.3-Measurement of voltage rate of rise du/dt

6 Ipsulation resistance and dielectric withstand 9.3.7dnsulation resistance

9.3.8 Dielectric withstand

7 T|OV testing 9.3.9 Behaviour under temporary overvoltages (TQVs)

7.1 | TOV testing of SPDs for AC power systems IEC 61643-11:—, 9.3.9.101 TOVs caused by faultg in
the high (medium) voltage system

7.2 | TOV testing of SPDs for DC power systems IEC 61643-41:—, 9.3.9 Behaviour under temporar

overvoltages (TOVs)

8 Tlest application to SPDs with multiple components General

Anngx A Critical investigation on the impulse current | 9.1.2 Impulse discharge current
specification for T1 SPDs when testing
Metal Oxide Varjstors

5 PRrobe application — residual voltage measurements

5.1 Ovérview

Residualvaltages measurements are very sensitive measurements due to the fact that thely are
carried out at high frequencies in presence of magnetic fields which may strongly interfere with
the results of these measurements to such an extent that different measurements from one
measurement to another one, or between different testing entities may not be comparable.

This clause intends to provide guidelines on testing techniques for making correct residual
voltages measurements to limit these deviations and discrepancies.

5.2 General

According to the induction law, an alternating magnetic field induces a voltage into a conductor
loop. The induced voltage depends on the loop size and the frequency and the amount of
magnetic field. The intensity of a magnetic field decreases with increasing distance to its
source.
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The residual voltage is measured with 8/20 current impulses. The magnetic field generated by
this 8/20 current impulse induces a voltage into the loop build up by the voltage measurement
lines that are connected to the device under test. This voltage is added to the voltage drop
between the two points where the measurement lines are connected to. This induced voltage
depends on and is directly proportional to the size of the loop build by the voltage measurement
lines and to the peak value of the 8/20 current impulse and may have values of several 10 V up
to some kV. The wave shape of the induced voltage follows the derivative di/dt of the 8/20
current impulse and reaches its maximum at the beginning of the 8/20 current impulse. A zero
crossing and therefore 0 V occurs at the crest value of the 8/20 current impulse. A typical
waveshape of the induced voltage is shown in Figure 1.

— 8/20 current

+ — Induced voltage

Time

IEC
Figure 1 — 8/20 cukrent impulse and induced voltage

In ggneral, the test procedure to- measure the residual voltage with 8/20 current impllses
requifes the connection of thevoltage measuring system as close as possible to the SPDJ This
is capised by the fact that a, veltage drop occurs along the length of a conductor when a cyrrent
flows| through. This voltage drop also influences the measured voltage between the two goints
to which the measurement lines are connected.

To show the influence of the loop size of the voltage measurement lines and the voltage|drop
of the conductors to the test sample when the 8/20 current impulse flows, three| test
arrangements.-are assumed.

Test prrangement A is given in Figure 2 and shows a large loop size of the voltage measure|ment
lines thatare connected far from the test Salmnple.

Test arrangement B is given in Figure 3 and shows a smaller loop size of the voltage
measurement lines that are connected directly to the test sample.

Test arrangement C is given in Figure 4 and shows a loop size as small as possible of the
voltage measurement lines that are twisted and connected directly to the test sample.

Figure 5 shows the measured voltage time behaviour of the test arrangements A, B and C during
8/20 current application when the device under test is a voltage limiting SPD.
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output connection of impulse current generator
bund connection of impulse current generator
vice under test (SPD)
nductor to connect the SPD to the impulse current generator
Itage probe

bp area created by the voltage measurement lines (hash shaded area)

Figure 2 — Test arrangement A

IEC
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Key
1 HV|output connection of impulse current generator

Grpund connection of impulse current generator

Dgvice under test (SPD)

Cdnductor to connect the SPD to the impulse current generator

Vdltage probe

o g b~ W N

Lopp area created by the voltage measurement lines (hash shaded area)

Figure 3 — Test arrangement B



https://iecnorm.com/api/?name=b5b74a67b5e716fc22ecd7d38bbc3a06

IEC TR 61643-03:2024 © IEC 2024 -13 -

5
6
4
2 L.
IEC
Key
1 H\ output connection of impulse current generator
2 Grpund connection of impulse current generator
3 Dgvice under test (SPD)
4 Cdnductor to connect the SPD to the impulse current generator
5 Vgltage probe
6 Lopp area created by the voltage measurement lines (hash shaded area)
Figure 4 — Test arrangement C
5kV —A 50 kA
— B
—C
4kv N — 8/20 current 40KkA
3kV 30 kA
2 k\A \ \ 20 kA
1kV / \\ 10 kKA
\\
0 kv T F—————+—+—+— 0 kA
TSe— _—\
O us Sus 10 us 15 ps 20 ps 25 ps 30 us 35 us
-1 kV ‘ ‘ ‘ ‘ ‘ ‘ -10 kKA

Figure 5 — Measured voltages of test arrangements A, B
and C during 8/20 current application

IEC
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Guidance for the test arrangement

General

2024

The guidance for test arrangements to measure the residual voltage with 8/20 current impulses
given in 5.3.2 and 5.3.3 may be applied if:

The
avail
chos

In addition, the use of differential probes and/or a scope with isolated inputs shoul

cons

5.3.2

If the
volta
follov
and t

The 1
Thein
toget
short
midp
shou
away

The

on the mode of protection under test. A typical example of an SPD having a single mo

protel
and R

Figun
meas

The

it is unknown or it is assumed, that the influence of the magnetic field of the 8/20 current

or the loop size of the measurement lines is too big, or

the measured residual voltage exceeds the voltage protection level Up of an
defined by the manufacturer, or

SPD

agreed or required by the manufacturer of the SPD.
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Method 1: Voltage probe placed at a certain distance
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ction is given in Figure 6. Two typical examples of a multimode SPD are given in Figure 8
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e 7 shows’a wrong routing of the measurement lines, where the loop between the
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Figure 6 — Routing of the measurement Iirﬁs\of an SPD having
a single mode of protection

IEC

Loop area created by the pigtails together with the voltage measurement lines (hash shaded
area)

Figure 7 — Wrong routings of the measurement lines
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Figure 9 — Routing of the measurement lines of a multimode SPD, example 2

5.3.3 Method 2: Minimized loop of measurement lines

If the design of the SPD and the size of the voltage probe allows to connect the voltage probe
directly or via short measurement lines placed close to the DUT the following test setup may be
appropriate to minimize the loop build by the measurement lines and the SPD itself.
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The voltage probe (with reduced dimensions) is placed as close as possible to the SPD. The
voltage probe is either connected directly to the DUT or via a separate connecting wire which
is as straight and as short as possible. It should be considered that the connecting wire itself is
not part of the test circuit for the impulse current and no impulse flows through it.

To minimize the loop size even further, the ground connection wire 5 (connected to 4 on the
ground side) should be twisted around the body of the voltage probe.

If possible, the voltage probe should be positioned in parallel to the impulse current flow through
the SPD. Therefore the design of the SPD (single mode/ multimode) and the corresponding flow
of surge current should to be considered.

Figune 10 shows an example for the application of method 2 to an SPD having a single mode
of protection.

Key
1 H\ output connection of impulse current generator

Grpund connection, of-impulse current generator

Dgvice under t€st(SPD)

Cdnductor to.connect the SPD to the impulse current generator

Cdnducton to connect the SPD to the voltage probe

Valtage probe

N o oA wWwN

Loop area created by the voltage measurement lines (hash shaded area)

Figure 10 — Example for the application of method 2 at
an SPD having a single mode of protection

5.3.4 Combination of method 1 and method 2 for pigtail connections

Figure 11 describes the probe voltage connection for products with pigtail connections.
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Figure 12 shows a wrong routing of the SPD pigtails together with the measurement lines, where the
loop created by the SPD pigtails and the measurement lines is too large.

HV output connection of impulse current generator .

Conductor to connect the
SPD to the impulse
current generator.

L |

Al i

op
T
u

AT WA Ao
twisted cables
Conductor to connect the
SPD to the impulse
current generator.
Ground connection of impulse current generator .

Figure 11 — Example for the application of method’1 and method 2
where the SPD is provided with pigtail connections

HV output connection of imputse current generator

und connection of impulse current generator

Loop area created by the pigtails together with the voltage measurement lines (hash shaded area)

Figure 12 — Wrong routings of the pigtails together with the measurement lines
where the SPD is provided with pigtail connections
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6 Insulation resistance and dielectric withstand

6.1 General

In this clause guidance is given on how to correctly perform the testing of the insulation
resistance and the dielectric withstand of SPDs:

— between live parts and the SPD’s body,

— between electrically separated circuits,

— between live parts of the SPD’s main circuits and live parts of any electrically separated
c rotut(c)

ooty

— between live parts of different electrically separated circuit(s)

6.2 | Surfaces which are touchable after installation as for normal use are_ as follows:

Normal use-means:
Built in anenclosure including a cover.

— onlythe yellow marked surfaces are
touchable
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Surfaces on which the SPD can be mounted or it can be in contact with metal

surfaces:

The SPD can be installed in a metallic
cabinet or casing (l/b‘
- FECONEHEANSUREEE can bq of
metal or conductive m%é_f,ial
7/
b
NO
&
IEC
N
O\
R
The cover could also be metallig or
conductive
- [SOERREHISHEEEs of the SPD|can
be in contact with metallic| or

IEC

conductive parts
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6.4 Conclusions:

“Body” includes the [l@@ + yellow marked
surfaces and the mounting surface.

The @8 + yellow marked surfaces|are
covered with metal foil for testing-
The metal foil also covers~screw hqles,

but the foil is not pu km into the hples
during the applicati f the test finger

©
Sufficient disf.a\%é is kept between|the
and

metal foil the live ternfinal
entrance( ensure that no flashgver
occurs s@r ng testing.

O

T. Qmounting surface including [any
. essed surface for mounting rails, or
\similar, are also covered with foil.

The PE terminal is connected to the metal
foil.
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6.5 Example of a test-set-up to measure the Insulation Resistance according to 9.3.7
and the Dielectric Withstand according to 9.3.8 of IEC 61643-01:—

PE

Test according to 9.3.7.2, item a
IEC 61643-01:—

) of

Between all inferconnected live parts of

the SPD’s main circuit(s) (all tesmiphals
being connected together, but\excluging
the PE, PEN or REM
terminals/connections) and~“the SRKD’s
body.
IEC

Test according to 9.3.7.2, item b) of
IEC 61643-01:—

Between all interconnected live plarts
from each electrically separated cirguit,

IEC

if there is any, and the SPDs body.
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Test according to 9.3.7.2, item c) of
IEC 61643-01:—

between all interconnected live parts of
the SPD’s main circuit(s) (all terminals
being connected together, but excluding
the PE. PEN ar PEM
terminals/connections) and all
interconnected live parts pfl’ gach
electrically separated circuit, if| there|are
any.

IEC

Test according to 9.3.7.2, item d) of
IEC 61643-01:—

between all interconnected live parts of
any electrically separated circuit andg all
interconnected live parts of all O;Fher
electrically separated circuits, if thene is
more than one.

IEC

NOTE R, /U insulation resistance test equipment

7 TOVtesting

7.1 TOV testing of SPDs for AC power systems

Figure 13 provides additional examples of test setups to IEC 61643-11 for use in testing SPDs
for application in TT systems and for testing TOVs caused by faults in the high (medium) voltage
system.
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— ~Of
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: I { I L O Test PE
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: I : : O_sample
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O

Transformer

TOV-transformer
I'ZUU 'V

Time-diagram

jli l:|200ms ]_K1
K
l____LK

Transformer K B
T Ly

2
3

L — o
Test
sample
N
O
Ks E | PE
TOV-transformer ——
Time-diagram 1200V e
K1
2 L—
K2
K = | —

K2‘| }
IEC

Fiqure 13.~ Examples of a three-phase and single-phase test setup for use in testing
SPDs for application in TT systems under TOVs caused by faults in the high (medium)
voltage system

Figure 14 provides an additional example of a test setup to IEC 61643-11 for use in testing
SPDs for application in IT systems and for testing TOVs caused by faults in the high (medium)
voltage system. Figure 15 provides the corresponding vector diagram for the voltages in this
test setup.
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Oscilloscope 1 (current)
Ch.1

Ch.2

Lye I { A}

Earthing point for test setup Ch.3

— 25—

5 times rated fuse
Ry
. {1}
5 times rated fuse
Ry
{ }

5 times rated fuse
Rs
—t -

Ch1 Ch.2 Ch.3

Test
sample

"PE"
r ->

Ch4

TOV transformer K4

o ©
Supply|voltage I I
o ~

Oscilloscope 2 (voltage)

URA\IANS

Earthing point for test setup

TOV resistance

Oscilloscepé 1 (current)
Ch.4

Earthing
for test g

\/"

|\ D

point
letup

Fi

[{a)

The

meagqurement setup.

ure 14 — Example of a three-phase test setup for use in testing SPDs for use in
systems under TOVs caused by faults in the-high (medium) voltage system

earthing point for the example test setup is. choosen to be located in phase L]
meagurement reference purposes and for protection considerations, to ensure that no po|
the t¢st setup exceeds 1 200 V RMS to earth.'@his earthing point may in principle be chag
anywhere depending on laboratory system: configuration, but may have an influenc

IEC

P for
nt of
osen
e on

This arthing point for the test setup has no relation to the earth fault simulation provid¢d by

the test setup.
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e.g. for 230/400 V
IT system

UREF(L - N)

UREF(L- L)

IEC

Figure 15 — Vector diagram for the voltages in the test setup in Figure 14

7.2 TOV testing of SPDs for DC power systems

Figure 16 provides an example of a test setup to IEC 61643-41:— for use in testing SPDs
intended to be connected to a DC system, which is derived from an AC TT system without
separation, under TOVs caused by faults in the high (medium) voltage system.


https://iecnorm.com/api/?name=b5b74a67b5e716fc22ecd7d38bbc3a06

IEC TR 61643-03:2024 © IEC 2024 - 27 -
L+
Transformer KA1 B T | } o—
T N N N
[ ————¢
- Test
E i sample
- N NN L-
o—
PE l
TOV transformer =N
1200V —_ —u_
Timé diagram N —=e ?_._u_
T ss
— 1 —ke i R
K3 e — |
J200ms Ko _B_

IEC

Figure 16 — Example of a test setup for use in testing SPDs'intended to be connected to
a DC system, which is derived from an AC TT system without separation, under TQVs

caused by faults in the high (medium)yoltage system

Figune 17 provides an example of a test setup todE€ 61643-41:— for use in testing $PDs
intenfed to be connected to a DC TT system, whichtis derived from another earthed DC sys$tem,
undef TOVs caused by faults in the high (medium)voltage system.

L+
| —
Transformer K1 @ N NN — ]
[ —
—ﬁ_A Test
- samgle
Y N, i Y -
o—
PE
o}
Timg diagram TOV transformer YN NN ﬂ?"_ﬂ_
— K1 {
| — K2 L] 1
T K3 "
H NN N R’
200
=TS Kz_B_ —

IEC

Figure 17 — Example of a test setup for use in testing SPDs intended to be connected to
a DC TT system, which is derived from another earthed DC system, under TOVs caused
by faults in the high (medium) voltage system

8 Test application to SPDs with multiple components

8.1 General

This clause provides guidance on which current paths are to be tested for certain examples of
SPDs containing multiple components. For certain SPD constructions samples need to be
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modified to allow this selective testing and specific sample preparation is necessary for SPDs
with non-linear components connected in parallel.

The sample preparation requirements were developed based on the principle component
arrangements mostly used within SPDs. Nowadays more and more complex SPD-circuitries
appear in the market and questions arise on how to correctly apply these sample preparation
requirements according to the original intentions. As this document only refers to non-linear
components, but does not consider, if such components may take a significant fraction of the
surge current or what could happen if such component fails, further guidance is needed. Such
guidance is very difficult to provide in a general way as new circuit designs appear every now
and then. Therefore the following examples are intended to guide the manufacturers and test
engirfeers to take the most appropriate decision 10r sample preparation.

8.2 | Example of a multiple series spark gap with resistive/capacitive triggencontrol

An example of multiple spark gaps in series with resistive/capacitive trigger conirol is shown in
Figure 18.

Key
1 spprk gaps

2 registive or capacitive trigger control

Figure'\18 — Multiple series spark gap with resistive /capacitive trigger control

The geries-connected spark gaps are the only non-linear components in this SPD and|they

) 1 n ) loi ok (Pt 1 HR| (i n b
repr SCTITL T UTITy CUTTTTIU Palll WITICIT TITETUS LU UT CUTTSTUTTTU TUT 1TolIlTy.

The ohmic or capacitive voltage divider/trigger control circuitry does not constitute a separate
current path in the meaning of Annex B, because it contains neither a non-linear component,
nor does it take a significant fraction of current.

8.3 Example of a series spark gap with resistive/capacitive trigger control and with a
parallel connected series connection of GDT + MOV(s)

An example of two spark gaps in series with resistive/capacitive trigger control and with a
parallel connected series connection of GDT + MOV(s) is shown in Figure 19.


https://iecnorm.com/api/?name=b5b74a67b5e716fc22ecd7d38bbc3a06

IEC TR 61643-03:2024 © IEC 2024 - 29 -

Key

-

sSp

re

Gl

The
cons

The

cons
of Gl
fracti

The

the meaning of this document because it.contains neither a non-linear component, nor d
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8.4

An €
Figun

brk gaps

istive or capacitive trigger control
V(s)

T

Figure 19 — Series spark gap with capacitive trigger control

wo spark gaps connected in series constitute the main current path which needs
dered for testing.

parallel current path through the series connection of GDT and MOV(s) needs f{
dered for separate testing, as the fraction of current/passing through that series conne
DT and MOV(s) is difficult, if not impossible,.to- determine and no limit for such cu
pn is provided by this document.

B significant fraction of current.

Example of a 3-electrode/GDT with parallel MOV bypass/trigger control

xample of a 3-electrode® GDT with parallel MOV bypass/trigger control is shoy
e 20.

o be

o be
ction
rrent

esistive/capacitive trigger control circtitry does not constitute a separate current path in

bes it

n in

Key

1 GDT with 3 electrodes

2 MOVs "high energy" bypass

Figure 20 — 3-electrode GDT with parallel MOV bypass/trigger control

The 3-electrode GDT constitutes one current path which needs to be considered for testing.
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The parallel current path through the series connection of MOVs needs to be considered for
separate testing, as the significant fraction of current can be expected through that series
connected MOVs until the GDT operates.

8.5 Example of a 4-electrode spark gap with GDT + MOV trigger control

An example of a 4-electrode spark gap with GDT + MOV trigger control is shown in Figure 21.

“l

Ay |

Key
1 Splark gap with 4 electrodes
2 MQVs
3 GDTs

Figure 21 — 4-electrode spark gap with GDT + MOV trigger control

The 4-electrode spark-gap constitutes the main current path which needs to be considergd for
testing.

The fractional parallel current path to single sections of this 4-electrode gap through the deries
conngcted GDT and MOV, although containing non-linear components, need not be considered
for s¢parate testing, as they do not constitute a parallel current path to the main compgnent
being the 4-electrode spark gap.

8.6 Example of a GDT with parallel connected series connection of GDT + MOV

An example of a Spark Gap in parallel with a series-connected GDT and MOV is shown in
Figure 22.
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Figure 22 — GDT with parallel connected series connection of GDT + MOV
park gap constitutes one current path which needs to be carnsidered for testing.
parallel current path through the series connection)of MOV plus GDT needs

dered for separate testing, as a significant fraction.of current can be expected throug
5 connection until the spark gap operates.

Example of a 3-electrode spark gap withtrigger transformer

ample of a 3-electrode spark gap with*frigger transformer is shown in Figure 23.

|

[\%]

Il
||
o

Key

5N

a A 0N

spark gap with 3 electrodes
trigger transformer

GDT

MOV with thermal disconnect

capacitor

Figure 23 — 3-electrode spark gap with trigger transformer

be
that

The 3-electrode spark gap constitutes the main current path which needs to be considered for
testing.
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The parallel current path is limited in current by the trigger transformer and the capacitor and
therefore needs not be considered for separate testing, as definitely no significant fraction of
current needs to be expected through that circuitry.

9 SPD coordination testing

9.1 Energy coordination

Energy coordination is based on the maximum energy withstand of the second SPD. However,
this energy is sometimes dependent upon the waveshape and the tests, as described in

oreiration—is e i example
from

Two yalues are necessary to define satisfactorily the energy withstand of an SRD:

—  El,ax s for short-duration current waveshapes, for example, 8/20 (for T2/SPDs);

— El,ax L for long-duration current waveshapes, for example,10/350_(far T1 SPDs)

Thesg two values E, ;4 g and E,5, | May be equal for some technologies.

The $PD is then characterized by two currents:

— I for short waves (as used for T2 SPDs) associatgdywith the energy withstand E,,,, s|and

= Amp for long waves (as used for T1 SPDs) associated with the energy withstand £ ,,

—

A simple SPD may then be tested as a T1 SPID’and as a T2 SPD.

If 1,4« is declared by the manufacturer. this value has to be considered for £, s-

m3

It is rlecessary to co-ordinate SPDs\1"and 2 using their maximum energy withstand E,, for the
relevant surge waveshapes. That'means that it is necessary to deal with two cases:

e copordination with long-duration waveshapes;

e copordination with short-duration waveshapes.

In geperal, coordination is easier to achieve with short waveshapes.

NOTE| For swifching SPDs it is necessary to deal also with a long front time. This matter is under considerafion by
the IE

1

9.2 | Let-through energy (LTE) method

9.2.1 General

The energy coordination with standard impulse parameters, as described in IEC 62305-4, is a
procedure to select and co-ordinate SPDs. The main advantage of this method is the possibility
of considering an SPD like a black box (see Figure 24). Here, for a given surge at the input port
not only the open-circuit voltage, but also an output current (for example, into a short circuit) is
determined (principle of "let-through energy"). These output characteristics are converted into
an equivalent "2 Q-combination wave generator"-stress (open-circuit voltage 1,2/50, short-
circuit current 8/20). The advantage is that there is no need for special knowledge of the internal
design of the SPDs.
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In SPD1 out | U 1(0) In SPD2

CWG

v IEC

Conversion into a comparable standard impulse — 1,2/50, 8/20 with Z; = 2 Q.

U,, SPD1/out <U,_ SPD2/in

Key
U Lopd voltage

Figure 24 — LTE - Coordination method with standard pulse parameters

The 3im of this coordination method is to make the input ¥alues of SPD2 (for example, discharge
current) comparable to the output values of an SPD1.{for example, voltage protection levél).

With |stepped protection, it should be considered:that the equivalent input hybrid impulse which
can pe discharged by the following SPD (wjthout damage) is equal to, or higher fthan,
the ejguivalent output hybrid impulse of the preceding SPD.

For reliable coordination, the equivalent\hybrid impulse should be determined for the worst|case
of the stressing (I,ax» Umax l€t-through energy).

The worst case for the desjgn:of the decoupling element is given by a short circuit. Bt for
coordination purposes this.is-too strenuous. It is more realistic to include a "load side volfage"
(callgd hereafter "counterwoltage").

The BPD downstream of a spark gap usually consists of a metal oxide varistors (MOV)| The
residpal voltage efi\such an SPD is in any case higher than the peak value of the nominal gower
supply voltage.(for example, in an AC system with a nominal voltage of 240 V the peak power
voltage is /2% 240 = 340 V, which is below the varistor voltage of the installed SPDs).| This
peak| nominal power supply voltage corresponds to the lowest possible residual voltage of
SPDs.Therefore, this peak voltage can be taken as the minimum possible counter vol
over-dimensioning of the decoupling element.

NOTE This method provides good results when the characteristics of SPD 1 are so different from those of SPD 2
that the surge conditions on SPD 2 are quasi impressed current conditions, for example in case of the coordination
between a spark gap and an MOV, this condition is fulfilled.

Restrictions on the use of the method are as follows:

o to be sure to get a conservative result, the decoupling element should be included in the
method as a part of the second SPD;

e to be sure to get a conservative result, the "counter-voltage" proposed should be equal to 0
where the second SPD contains a switching component;
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when the second SPD contains a switching component there is a possibility that the result
is underestimated due to this method not being truly realistic in modelling the switching
component. In such case, carefully consider the application of the method;

the waveshape of the surge injected at the entrance of the installation should be considered
as having a current waveshape and a voltage waveshape which are equal (10/350 or 8/20).
The magnitude of the surge current i is in general known. The magnitude of a surge voltage
U depends on the surge impedance of the system;

the study should consider the tolerances on the SPD characteristics.

9.2.2 Method

The method described in this subclause in most cases gives a conservative value ifofr the
decoppling element (impedance) between the two SPDs. This means that, if such an impedance
is ingtalled between the two SPDs, the coordination will in most cases act better thah predicted

by the calculation.

The Ipasis of this method is to represent the output of each SPD as an equivalent combinfation

wave generator (CWG), defined by a no-load voltage U, 1,2/50 and a_shoft-circuit current I
8/20,[the impedance of the generator being 2 Q (U, = 2Q x I ).

T3 SPDs are already tested by such a CWG. In the case of T2 SPDs it is necessary to consider

that f;. = I, or 1,5 (if declared).

The Wipstream SPD may be tested as a T1 SPD in therease of direct lightning on the structure

or as|la T2 SPD.

The yoltage at the output of each SPD will havesin general a waveshape which is not difectly
conngcted to the waveshapes 1,2/50 and 8/20. It is then necessary to normalize the dctual

waveshapes in order to convert them in the 1,2/50 and 8/20 waves.

This |s done by calculating the following values:

NOTE| The same units are used in the formulae and in the tables.

Thesg values are then used in Table 2.

crest value ofw = 4, Ju dr and [u2 dt [U(¢) in Figure 22]

crest value of i = 7, [i dr and [i2dr [I(¢) in Figure 22]

Table 2 — Values to be calculated

Voltage Q Ju dt [u? dt
Current T fi dt VIi2 dt

The same table for a CWG with an amplitude of 1 V (Table 3) is:

Table 3 — Normalised division factors for a CWG

Voltage 1 70 x 1078 6 x 1073

Current 0.5 12 x 1076 2 x 1073

So dividing each cell of Table 2 by the equivalent cell of Table 3, we get a new table, Table 4:
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Table 4 — Resulting calculation from Table 2 and Table 3

Voltage a Judt/ (70 x 1079) Ju? dr 1(6x1072)
Current ix2 Jidt/ (12 x 1076) Ji2 de/1(2x107%)

The maximum value in Table 4 gives the value Uy cwg) the equivalent value of U, of
the CWG corresponding to the output of the SPD.

As sq
volta

the ¢

The
simu

calcdulated by the manufacturer. For each product, the manufacturer may' calculate the o

equiyv
SPDs

chara
SPD

valud

9.3
9.3.1

In or
depe

the dlectrical installation (cable length;xrouting etc.). In this case effective SPD coordin

shou
valudg
calle
few ¢

9.3.2

on as the downstream SPD has been tested as a T3 SPD with a CWG having a_he
je Uy test (OF an equivalent CWG in case of T2 SPDs), it is possible to say immedia

pordination is satisfactory. It is sufficient to check that Uy g5t > Uoe cwa-

alue at the output of the SPD, for a given stress at the input, has to be galculated by
ation software. It does not need to be calculated each time as, such values mg

alent CWG impulse for a given stress (/ imp for T1 SPDs or I, or-Jax (if declared) f
or Uys max Of the CWG for T3 SPDs) taking care both of the tolerances on the
cteristics and any blind spot (sometimes the most impaftant stress at the output g

is not given by the maximum values limps I or 1 (if deelared) and U, but for

max OC max
s).

Energy and voltage protection coordination.method
General

jer to protect an electrical installation,"the use of more than one SPD type is nece
hding on the overvoltage category ofithe equipment to be protected and on the wiri

d be examined to not overstress downstream SPDs and to limit the overvoltage leve

lower than the withstand voltage of the equipment to be protected (this new criter
| voltage protection level.cfiterion and is described below). This subclause aims to pr
xamples to achieve effective SPD coordination.

Coordination-criteria

esented above,“coordination of SPDs requires the examination of two basic criterig

y criteriomand the voltage protection level criterion.

-load
ely if

Ising
y be
utput
br T2
SPD

f the
ower

Esary
hg of
ation
| to a
on is
bvide

, the

surge
than

h the

upstream and the downstream SPDs should be able to withstand the same energy as the
downstream SPDs.

Moreover, it is additionally proposed that the voltage protection level for the downstream SPDs
should be equal or lower than the upstream SPDs, since they are situated nearer to the
equipment to be protected, where more severe voltage protection is required.

The most significant parameters that should be considered during coordination of two SPDs are
the following:

e S

PD types (i.e. voltage switching — spark gap, voltage limiting — metal oxide varistor);

e characteristics of the SPD type (i.e. Sparkover voltage for spark gaps, maximum continuous
operating voltage for MOVs, voltage protection level, maximum discharge current capability
etc.);
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injected wave (i.e. 8/20, 10/350 etc.);
type of the equipment to be protected (i.e. heavy inductive load, sensitive electronic etc.);
separation distance between the two SPDs.

9.3.3 Coordination techniques

Prior to any coordination, certain steps should be followed to select the proper SPDs and the
method of co-ordination between them.

9.3.4 Coordination test

9.3.4{1 General

n ideal SPD. Depending on the maximum energy level, the appropriate SPD’type can be
blected.

t

e

a

S

Step 2

Select upstream SPD according to the maximum energy that it can'Wwithstand.
Step 3

Select downstream SPD according to the desired voltage protection level of the equipment.
Step 4
F
S

br the selected SPDs both the energy and the voltage protection level criteria shoujd be
htisfied. This may be done mainly with the help ofsoftware simulations or with experimental
tgsting. In this last case the following method could be used to check this out.

Coorflination between SPDs is based\'on current sharing. Three parameters are defingd as

esseftial in establishing a coordination rule:

tHe SPD themselves (one SRD is coordinated with another);
the surge current at the entrance (fixed by upstream SPD’s characteristics);

The decoupling impédance Z between the 2 SPDs (the upstream and the downstream $PD).

The impedance Z between the two SPDs (in general an inductance) may be a physical ohe (a
specific componént'inserted in the line to facilitate the sharing of the energy between th¢ two

SPDg$) or represent the inductance of a length of cable between the two SPDs.

the user

A SF’IISZ)’S coordination test can be performed by the SPDs manufacturer, by the installer pr by

Coordination of SPD is in most cases achieved if these two criteria are fulfilled:

1)

2)

Energy co-ordination is achieved, if for all values of surge current from a minimum testing
energy to a maximum testing energy (For T2 SPDs with 0,1, 0,25, 0,5, 0,75 and 1 time |,

and for T1 SPDs with 8/20 current impulses having a peak value equal to 0,1, 0,25, 0,5,
0,75 and 1 time [;.,, and with 0,1, 0,25, 0,5, 0,75 and 1 time [, of the upstream SPD) the

imp imp
portion of energy, dissipated through SPD2 is lower or equal to its maximum energy
withstand (Epyax2)-

Protection coordination is achieved, if for all values of surge current from a minimum testing
energy to a maximum testing energy (For T2 SPDs with 0,1, 0,25, 0,5, 0,75 and 1 time I

and for T1 SPDs with 8/20 current impulses having a peak value equal to 0,1, 0,25, 0,5,
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0,75 and 1 time /i, and with 0,1, 0,25, 0,5, 0,75 and 1 time /;,, of the upstream SPD) the
residual voltage of SPD2 is lower or equal its declared voltage protection level Up.

The testing with portion of the declared I, or fimp current is to explore if no blind spot up from
low stress to maximum stress are existing. If /;,,, is declared for T2 SPDs /, should be replaced
by Iax @nd for T1 SPDs for the 8/20 current impulses the peak value should be equivalent to
I

imp-

9.3.4.2 Test settings

SPDg arrangement Tor the coordination test IS shown In Figure 25.
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_VI_M‘ ‘ ", O

Eq

SPD 1 SPD 2

Eq

spD1 |1 spD2 || "

IEC

Key
Eq dquipment to be protected in ‘normal operation

O/c qgpen circuit (equipment disconnected from supply)
i incpming surge

d distance between the-connection points of SPD 1 and SPD 2

N

impedance
1 Cqnnection point of heading SPD (SPD 1)
2 Cqnnection point of SPD 2

i, pqrtiasurge current through SPD 1

i, partial surge current through SPD 2
U, voltage drop across SPD 1

U, voltage drop across SPD 2

Figure 25 — SPDs arrangement for the coordination test

The connecting leads are disregarded and should be as short as possible and be similarly
arranged for both SPDs. The external disconnectors, if any, are not considered in this
coordination test.

When Z represents a physical impedance, the inductance of the line may be ignored due to its
low value compared to Z. Z is then represented in a schematic way as in Figure 25 for both
cases.
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When Z represents the inductance of a length of cable between the two SPDs, the forward and
return conductors have to be fixed following the manufacturer, installer or user declaration. If
no specific arrangement, the forward and return conductors should not be twisted, at a distance
of not more than 10 mm and creating a loop should be avoided.

The test should preferably be made on three sets of samples which have not been subjected
previously to any tests.

Type of SPD coordination possibilities that may be tested under coordination procedure:

e Type 1 SPD coordinated with Type 2 SPD;
e Type 1 SPD coordinated with Type 3 SPD;
e Type 2 SPD coordinated with Type 2 SPD;
e Type 2 SPD coordinated with Type 3 SPD.

During the test, the SPD’s system is energized at U_ with a short circuit curfent high enough to

detegt a failure of one of the SPDs under test (minimum 5 A). A current_protection can be|used
in power supply branch, but not in surge current branch. If SPD 1 and.SPD 2 are multi-jnode
SPD$ for example with terminals for phase, neutral and ground (PE), all modes have {o be
tested L-N, N-PE and L-PE. In this case the remaining terminal(s) needs to be interconng¢cted
between SPD 1 and SPD 2.

When the upstream SPD is a T1 SPD, its declared J;,,cis*dsed for coordination procedyre. If
Imax |8 declared, the peak value for the 8/20 current impulses is equal to /;y,, or 1,54, Whichever

is greater.

When the upstream SPD is a T2 SPD, its declared /,, is used for coordination procedure. If /5,

is deglared, I, is used for coordination procedure.

The ¢oordination test procedure may-be performed with 8/20 current impulses exceeding the
discharge parameters of the downstream SPD only.

Positjve current impulses are applied while the SPDs are energized to U; at 60° after|zero
crosding in the positive voltage wave. The interval between the impulses should be long enjough
to allpw the SPDs to coelhdown to ambient temperature.

Test procedure is 'summarized in Table 5, depending on the upstream SPD Type.

Table 5 — Test procedure for coordination

upstream SPD (SPD downstream SPD (SPD T .
1) 2) est impulses

with 8/20 current impulses having a peak value equal to 0,1,
0,25, 0,5, 0,75 and 1 time limp orl .. if declared, whichever

T1SPD T2 SPDor T3 SPD is greater of the upstream SPD and with 0,1, 0,25, 0,5, 0,75
and 1 time [imp of the upstream SPD

T2 SPD T2 SPD or T3 SPD with 0,1, 0,.25, 0,5, 0,75, and 1 time In or 7 if declared,
whichever is greater of the upstream SPD

NOTE The coordination test may be performed with 8/20 current impulses exceeding the discharge parameters
of the downstream SPD only
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9.3.4.3 Conditions after test

Any follow current should be self-extinguished by the SPD and thermal stability be achieved
after each impulse of the coordinated SPD test. Both the voltage and current records, together
with a visual inspection, should show no indication of puncture or flashover of the samples.
Mechanical damage should not occur during these tests.

The measured limiting voltage of the SPD2 should never exceed its declared Up.

10

10.1| General

The following testing method can be used to evaluate overall system immunity level (
lighting discharge conditions.

10.2| SPD discharge current test under normal service conditions:

a)

b)

10.3 | Induction test due to lightning currents:

c)
d)

e)

System level immunity testing

Prior to the system level immunity test:

The immunity of the equipment to be protected should be “determined. For equip
cpnnected to power lines, IEC 60664-1 and IEC 61643-12(are used, and for equip
cpnnected to telecom lines IEC 61643-22, ITU-T K.20, K.24 and K.45 are used.
T
in

he protection provided by the SPDs should be determined using test procedures desc
the test and performance standards IEC 61643-x1«

The equipment to be protected should be tested with the SPDs installed pe
nmlanufacturer’s instructions. The equipment should be energized at its nominal s
vpltage and stressed with the nominal discharge current parameters rated for the
Where applicable, additional circuits, such!as communication lines, sensors, motors s
be connected.

F

c

gure 26 provides an example circuityof such an SPD discharge test under normal s¢
bnditions.

behaviour of the complete’system due to electromagnetic fields generated by the sim
lightning discharge.

The system undertest is installed as realistically as possible. This simulated instal
should includenthe equipment being protected; the installed SPDs and the real length
type of the interconnection lines.

The resulting induced impulse currents within the cabling of the complete syste
monitored.
T

hecharacteristic and applicable values of the primary lightning current discharge s

nder

ment
ment

ribed

the

Lipply
SPD.
hould

rvice

Impulse currents should e injected into a metallic mounting plate in order to examirsr the
I

ated

ation
and

m is

hould

beas given in 1eC ©Z5U0-1.ZU1TU, Table L.5.

Figure 27 provides an example of an induction test when T2 SPDs are installed on the power

and control systems.

10.4 Recommended test classification of system level immunity (following

IEC 61000-4-5):

This standard defines the following pass criteria:

a)

Normal performance within limits specified by the manufacturers

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 or software or loss of data.

Distribution board

Power
S |1 L 3| S | supply
& P O— P Motor
D D
8/20
b S |2 N Control
qwer A P —o— System
supply D
&3 Data
41 S | bus
O o-0O— P Sensor
Surge PE D
generator ‘

SPD1 + SPD2 + SPD3: Surge protective device for power circuits
SPD4: Surge protective device for telecommunications and signalling networks

IEC
Figure 26 — Example of a circuit used to perform discharge current tests
under normal service conditions
Connection to :*
current generator
Field of the
Wiring lightning
channel
Injection
of impulse @
ImpUiise generator = x
W= = =01
eferator i
g E | | =
fa\VYAV/a) ingn
power supply < 3 5
w | Distribution
board :
1
Ho =
27s, (A/m]
L Metall frame
o IEC

Figure 27 — Example circuit of an induction test due to lightning currents
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Annex A
(informative)

Critical investigation on the impulse current specification
for T1 SPDs when testing Metal Oxide Varistors

A.1 History and background

This annex contains the reprint of a report that resulted from comparison tests performed in
2006[2007 togaim a better understandingof thecriticatparameters—wihen testimg—T —$PDs
contgining metal oxide varistors.

NOTE| The full report reference is provided in the bibliography.
A.2 | General information

The g¢tandards IEC 61643-1 and EN 61643-11 are published and have been used for morg than
threg years now. The impulse tests described for T1 SPDs within these documents are Hased
on limited experience of some laboratories, who were able to. perform such testing gt the
deve|opment stage of these test procedures. Since that timesvarious generator designs [have
been|developed and are in use within an increasing number ofvaboratories. These genernators
have|been designed to meet the requirements given in the@bove mentioned standards.

Within the last two years some discussion started,{initiated by inconsistent test results|from
different laboratories on some specific products. ‘This resulted in the general question, |f the
genefator description and tolerances given in theabove mentioned standards are sufficiept.

But whenever a detailed analysis started on the test results to be compared, it could quicKly be
shown that:

—| the samples were taken from different batches/manufacturing lots

—| the samples showed  significant modifications in construction (electrode shape,
connections etc.)

—| the sample cooling between shots was not comparable etc.

Ther¢fore, by end of year 2005, the idea came up to perform a comparative test on appropriate
samples to find out,\if the generator description and tolerances given are sufficient to prpvide
compgarable results; or if improvement is needed.

It wap decided to use varistor samples (components with electrodes in epoxy coating) flom a
singlé batch and with very limited tolerance band, so that any influence of device constryction
can he.gliminated as far as possible.

Further two different groups of samples were decided:
— single discs
— double blocks

to allow exclusion of influence of “varistor matching”, if consistency in results shows significant
differences for single and double discs.

Every sample was individually assessed between and after the various steps of production at
the manufacturing plant and was optically checked at CTI-Vienna. Samples were found to be
homogenous and suitable for the program.
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An interlaboratory comparison test (proficiency test program — PTP) with seven participants

was carried out on a voluntary basis in 2006.

A.3 Test program and instructions

Reference standards are IEC 61643-1 Ed.2.0/2005 and EN 61643-11/2002 + A11/2006.

The sample connection was required to be done by avoiding any mechanical tension, excessive

thermal stress or other stress to the samples.

Any gynamic stress on the samples and their connections due to passage of the test. 4
currents should have been prevented.

The tests were performed at normal ambient room temperature and conditions@t 23 + 5 °

The gsamples were required to cool down to less than 30 °C surface temperature after
surgeg application.

Samples have been considered as electrically or mechanically damaged if either the va
voltage at 1 mA DC has decreased more than 10 % or if any méchanical destruction occ

Additional samples have been provided for adjustment puposes.

A.3.1 Detailed instructions

A.3.1.1 Initial measurements and checks

— Check the samples for any mechanical damage.

urge

each

istor
rred.

— Measurement of the varistor voltage afy\1 mA d.c. in both polarities and at normal ambient

rgom temperature, while the power.source provides a smooth dc. voltage output.

A.3.1.2 Impulse tests single discs

rst sample:

F
T

wlith 3 kKA.

This current is increased in steps of 1 kA till electrical and/or mechanical destruction og
The impulse current and the residual voltage at the sample are recorded.

The [I*t-valte-and the [I2*t-value are calculated

Al

fter each impulse application the sample should cool down to less than 30 °C su
tgmperature and the measurement of the varistor voltage at 1 mA d.c. is repeated in

st class | impulse currents (10/350) of positive polarity are applied to the sample, starting

curs.

rface
both

pplarities. The time interval between the impuls applications is recorded.

— Second and third sample:

Test class | impulse currents (10/350) of positive polarity are applied to the sample, starting
with an impulse current 2 kA below the value, at which destruction of the first sample
occurred.

This current is increased in steps of 1 kA till electrical and/or mechanical destruction occurs.
The impulse current and the residual voltage at the sample are recorded.
The [I*t-value and the [I2*t-value are calculated

After each impulse application the sample should cool down to less than 30 °C surface
temperature and the measurement of the varistor voltage at 1 mA d.c. is repeated in both
polarities. The time interval between the impuls applications is recorded.
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.3 Impulse tests double blocks
irst sample:

2024

Test class | impulse currents (10/350) of positive polarity are applied to the sample, starting
with 6 kKA.

This current is increased in steps of 2 kA till electrical and/or mechanical destruction occurs.

T
T

he impulse current and the residual voltage at the sample are recorded.

he [I*t-value and the [I12*t-value are calculated

After each impulse application the sample should cool down to less than 30 °C surface

—

mperature and the measurement of the varistor voltage at 1 mA d.c. is repeated in

both

p
S
T
W
o
T
T
T
A

te
p

A.4

Four
partiq
gene
arran

The

the sample and show approximate front times between 6 us and 15 ys. The crowbar s

deliv
timeg

Five

for iMppulse current.measurements.

Six
devid

blarities. The time interval between the impuls applications is recorded.
econd and third sample:

ith an impulse current 4 kA below the value, at which destruction of the first s4
ccurred.

his current is increased in steps of 1 kA till electrical and/or mechanicaldestruction og
he impulse current and the residual voltage at the sample are recorded.
he [I*t-value and the JI2*t-value are calculated

fter each impulse application the sample should cool dewn to less than 30 °C su
mperature and the measurement of the varistor voltage at 1 mA d.c. is repeated in
blarities. The time interval between the impuls applications is recorded.

Details and results of interlaboratory.comparison tests

participants performed the tests usingra so called direct discharge generator,
ipant used a so called crowbar generator and two participants used a direct disch
Fator arrangement up to a certain_impuls current amplitude and a crowbar geng
gement above that amplitude.

lirect discharge setups deliver almost a double exponential current waveshape thn

br almost a triangular current waveshape through the sample and show approximate
between 21 pys and 45 us.

barticipants usegd a Pearson current transformer and two participants used a coaxial

articipants used voltage probes of various brands and one participant used a vo
er.

bst class | impulse currents (10/350) of positive polarity are applied to the sample, starting

mple

Curs.

rface
both

one
arge
rator

ough
btups
front

Ehunt

Itage
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A.4.1 Single disc results

No. of samples damaged versus impulse current

12

10

mTested crowbar

OTotal single disc

8

Impulse current (kA) Q

All samples (except one) tested with direct discqgge generators did not show signit

degradation before the last destructive impulse applied.

7
All samples tested with crowbar generator@howed degradation 27 % after the last im

application before the destructive one. $

A\Q)

IEC

icant

bulse
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A.4.2 Double block results

No. of damaged samples versus impulse current

B Total double disc
oPossible variation total @S{ILI’E flisc

13

Impulse current (kA) 5\ 16

Q IEC

No. of samples damaged versus |mpu| Qent

0

mTested crowbar
m Tested direct discharge
oPossible variation direct discharge

15

14
Impulse current (kA) 16

IEC

The data bars "Possible variation Total Double Disc" and "Possible variation direct discharge

refer to the fact that one laboratory skipped the tests at 13 kA on the double disc samples which
possibly influenced the results towards two more damages at 14 kA.

All samples tested with direct discharge generators did not show significant (<2 %) degradation
before the last destructive impulse was applied.
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