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ternational Electrotechnical Commission (IEC) is a worldwide organization for standardizationc|
tional electrotechnical committees (IEC National Committees). The object of IEC(’is "to|
htional co-operation on all questions concerning standardization in the electrical and electronic
hd and in addition to other activities, IEC publishes International Standards, Technical Sped
ical Reports, Publicly Available Specifications (PAS) and Guides (hereafter).referred to
ation(s)”). Their preparation is entrusted to technical committees; any IEC National"Committee
subject dealt with may participate in this preparatory work. Internatiopal,)governmental
mental organizations liaising with the IEC also participate in this preparation. IEC collaboratg

ment between the two organizations.

rmal decisions or agreements of IEC on technical matters express¢.as.nearly as possible, an int
hsus of opinion on the relevant subjects since each technical(committee has representatiof
tted IEC National Committees.

ublications have the form of recommendations for interpational use and are accepted by IEQ
ittees in that sense. While all reasonable efforts are made to ensure that the technical contg
ations is accurate, IEC cannot be held responsible<for the way in which they are used 9
erpretation by any end user.

er to promote international uniformity, IEC National Committees undertake to apply IEC Py
arently to the maximum extent possible in their national and regional publications. Any d
bn any |IEC Publication and the corresponding-national or regional publication shall be clearly in
ter.

self does not provide any attestation-of conformity. Independent certification bodies provide (
Ement services and, in some areas;\access to IEC marks of conformity. IEC is not responsib
bs carried out by independent certification bodies.

ers should ensure that they have'the latest edition of this publication.

bility shall attach to IEC or its directors, employees, servants or agents including individual eX
ers of its technical committees and IEC National Committees for any personal injury, property d
damage of any natdre “whatsoever, whether direct or indirect, or for costs (including legal
ses arising out of the publication, use of, or reliance upon, this IEC Publication or any
ations.

on is drawn”tothe Normative references cited in this publication. Use of the referenced publi
Ensable fgtthe correct application of this publication.

on is.drawn to the possibility that some of the elements of this IEC Publication may be the
rights JIEC shall not be held responsible for identifying any or all such patent rights.
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Electrical equipment and systems for railways.

This document is based on EN 50526-2:2014.

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

FDIS Report on voting
9/2492/FDIS 9/2503/RVD

ittee 9:

Full information on the voting for the approval of this International Standard can be found in
the report on voting indicated in the above table.
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A list of all parts in the IEC 62848 series, published under the general title Railway
applications — DC surge arresters and voltage limiting devices, can be found on the IEC
website.

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

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

e reconfirmed,

e withdrawn

e replaced by a revised edition, or

e amepded.

A bilinglial version of this publication may be issued at a later date.
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RAILWAY APPLICATIONS -
DC SURGE ARRESTERS AND VOLTAGE LIMITING DEVICES -

Part 2: Voltage limiting devices

1 Scope

This document applies to Voltage Limiting Devices (VLDs) to be applied in DC traction

systemq in order to comply with protective provisions against electric shock from
combingd AC — DC voltages, in accordance with the IEC 62128 series, taking in{o

stray cu

rrent provisions.

C, and
account

VLDs operate in such a way as to connect the track return circuit of DC railway systenjs to the

earthind system or to conductive parts within the overhead contactdline zone or

collecto

2 Normative references

The foll
content
cited ap

any amendments) applies.

IEC 600

IEC 600

IEC 605

IEC 608

IEC 616
Perform

IEC 619
Genera
IEC 619

[ Zzone.

pwing documents are referred to in the text in sueh a way that some or all
constitutes requirements of this document. Eorvdated references, only the]
plies. For undated references, the latest edition of the referenced document (i

60-1, High-voltage test techniques — Part 1: General definitions and test requir
85, Electrical insulation — Thermal evaluation and designation
29:1989, Degrees of protection provided by enclosures (IP Code)
50:2014, Railway applications — Supply voltages of traction systems

43-311, Components for Ilow-voltage surge protective devices - H
ance requirefments and test circuits for gas discharge tubes (GDT)

92-1:2006, Railway applications — Fixed installations — DC switchgear —

92-1:2006/AMD1:2014

current

of their
edition
hcluding

ements

art 311:

Part 1:

IEC 61992-7:2006 (all parts), Railway applications — Fixed installations — DC switchgear —
Part 7-x: Measurement, control and protection devices for specific use in d.c. traction systems

IEC 62128-1:2013, Railway applications — Fixed installations — Electrical safety, earthing and
the return circuit — Part 1: Protective provisions against electric shock

IEC 62128-3:2013, Railway applications — Fixed installations — Electrical safety, earthing and
the return circuit — Part 3: Mutual Interaction of a.c. and d.c. traction systems

IEC 62497-1, Railway applications — Insulation coordination — Part 1: Basic requirements —
Clearances and creepage distances for all electrical and electronic equipment

IEC 62498-2, Railway applications — Environmental conditions for equipment — Part 2: Fixed
electrical installations
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IEC 62848-1:2016, Railway applications — DC surge arresters and voltage limiting devices —
Part 1: Metal-oxide surge arresters without gaps

ISO 4287:1997, Geometrical Product Specifications (GPS) -Surface texture: Profile method —
Terms, definitions and surface texture parameters

ISO 4892-1, Plastics — Methods of exposure to laboratory light sources — Part 1. General

guidanc

e

ISO 4892-2, Plastics — Methods of exposure to laboratory light sources — Part 2: Xenon-arc

lamps

ISO 489

UV lamps

3 Ter

For the

2-3, Plastics — Methods of exposure to laboratory light sources — Part 3: Flug

ms and definitions

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

ISO and IEC maintain terminological databases for use in standardization at the f

address

e |EC
e |SO

3.1
voltage
VLD
protecti
voltage

eS:

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

Hlimiting device

e device whose function is to pfévent existence of an impermissible hig

[SOURCE: IEC 60050-811:2017,:811-29-41]

3.2
recove
VLD th

3.3

able VLD
t recovers aftertriggering

non-redqoverable VLD
VLD remaining.in its low resistance state permanently after triggering

3.4

rescent

bllowing

h touch

welding shut spark gap
VLD which is triggered by electrical discharge across a gap causing a permanent short-circuit
by welding shut of metallic parts

Note 1 to

3.5

entry: Sometimes the term voltage fuse is used for this type of VLD.

rated current

1

r

<for a voltage-limiting device> maximum value of the direct current that may flow for the
specified long term through the VLD in specified environmental conditions without exceeding
the temperature rise limits
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3.6

short time withstand current

Iy

current that a VLD can carry in closed status, during a specified short time under prescribed
conditions of use and behaviour

3.7

making capacity

Inss

<of a switching device or a fuse> value of prospective making current that a switching device
is capable of making at a stated voltage under prescribed conditions of use and behaviour

Note 1 tolentry: The conditions to be prescribed are dealt with in the relevant specifications.

[SOURCE: IEC 60050-441:1984, 441-17-09, modified — The beginning of the NOte has been
changed.]

3.8
breakinjg capacity
<of a vpltage-limiting device> maximum current that a recoverable{VLD can interryipt at a
stated vpltage

3.9
leakagg current
Iy
<of a voltage-limiting device> current which flows through the terminals when the VLD is in
open status

3.10
lightning current impulse
Iimp-n
8/20 ps|current impulse with limits on(the adjustment of equipment such that the mpasured
values are from 7 ps to 9 ys for thelvirtual front time and from 18 ys to 22 s for the time to
half valye on the tail

Note 1 to|entry: The time to halfsvalue on the tail is not critical and may have any tolerance during thg residual
voltage typpe tests.

[SOURCE: IEC 60099-4:2014, 3.31]

3.11
high c]rrent impulse
I

Iimp-hig
peak valuevof discharge current having a 4/10 us or 8/20 us impulse shape which is|used to
test the ability of the VLD to withstand direct lightning strikes from the dielectric point of view

3.12

high charge impulse

Iimp-hc

crest value of a high charge impulse through the VLD with specified charge transfer Q0 and
specified energy WI/R in the specified time

Note 1 to entry: A crest value of a high charge impulse having a 10/350 ys waveshape is also a commonly known
expression.

3.13

triggering voltage

Ur

voltage at which a VLD becomes conductive
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| triggering voltage

voltage at which the VLD becomes conductive when a DC voltage is applied for long term

Note 1 to

3.15

entry: This voltage is used to identify the VLD.

instantaneous triggering voltage

Uri

minimum triggering voltage at which the VLD becomes conductive shortly after its application

Note 1 to

3.16
non-trig
Uw
maximu

3.17
residua
Ures
<of a vd
during t

3.18

combinjed voltage

voltage

3.19

responsge time

Tg
<of a v
conduct]

3.20
degree

extent ¢f protection provided by an enclosure against access to hazardous parts,

ingress

test mefhods

[SOURCGE: IE€60529:1989, 3.3]

£ A H dal £ L | a—tliadl £
Yy et eray- oo S IStake S G otumentT

gering voltage

m voltage below which the VLD will not trigger for any duration of the applied v

| voltage of a VLD

Iltage-limiting device> value of voltage that appears between the terminals of
he passage of a specified current

having significant AC and DC components

bltage-limiting device> time between the application of a voltage until VLD b
ve

of protection

of solid foreign—objects and/or against ingress of water and verified by stang

oltage

he VLD

ecomes

against
ardized

3.21

IP Code
coding system to indicate the degree of protection provided by an enclosure against access to
hazardous parts, ingress of solid foreign objects, ingress of water and to give an additional
information in connection with such protection

[SOURCE: IEC 60529:1989, 3.4]

4 Cla

sses of VLD

This document identifies the properties and the technology of a VLD using the classes of VLD
which are defined in Table 1.
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Table 1 — Classes of voltage-limiting device

Auxiliar Able to
Method for ower su yl interrupt
cl switching between P Pply . Maximum response time Recoverable the
ass . necessary Polarity
the high and low for normal Ty or not current
resistance status operation in the
P VLD
Can be
1 Weldlng shut of No Bidirectional 5ms recoverable in No
metallic parts some
conditions?
Passive
Triggering of o ms at natural
2.1 thyristors No Unidirectional (for voltages equal to or Yes rz:;(i)ng
higher th U
'gher than Ur,) f current
Passive
Triggering of oms t natural
2.2 thyristors No Bidirectional (for voltages equal to or Yes Crzz;(i)ng
higher than U-
igher than Ur,) f current
Voltage dependent and
not exceeding the limits
3.1 Contactor only Yes Bidirectional 9'1\{;81'2 Ig% 2221 i?- Yes Yes
IEC 62128-3:2043, 7.2
through 7%
Voltage dependent and
not excéeding the limits
3.2 Contactor only Yes Bidirectional givén in'IEC 62128- Yes Yes
1:2013, 9.3.2.3,
IEC"62128-3:2013, 7.6
Specified by the
3.3 Contactor only Yes Bidirectional manufacturer or the Yes Yes
purchaser
For voltages up to Uy,
voltage dependent and
not exceeding the limits
Combination of given in IEC 62128-
4.1 thyristors and Yes Bidirectional 1:2013, 9.3.2.2 or Yes Yes
contactor IEC 62128-3:2013, 7.2
through 7.5.
For voltages equal to or
higher than Uy; 5 ms.
For voltages up to Uy,
voltage dependent and
not exceeding the limits
Combination of given in IEC 62128-
4.2 thyristors and Yes Bidirectional 1:2013, 9.3.2.3, Yes Yes
contactor IEC 62128-3:2013, 7.6.
For voltages equal to or
higher than Ug 5 ms
Gombination of Specified by the
4.3 thyristors and Yes Bidirectional manufacturer or the Yes Yes
contactor purchaser
NOTE IEC 62128-1 defines two functionalities for VLDs, VLD-O and VLD-F. In this document a discrimination

is not necessary.

2 For transient low currents associated with low energy dissipation no welding shut may occur.

5 Characteristics and requirements of the VLDs

5.1 Marking

VLDs shall be identified by the following minimum information which shall appear on the rating
plate (nameplate):

— manufacturer's name or trademark and manufacture type designation;
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class of VLD according to IEC 62848-2 (optional);
rated current /. in A;

short time withstand current 7, in kA;

nom

year

inal triggering voltage Ur;
of manufacture;

serial number.

The terminals of unidirectional devices shall be marked with the symbols + and -.

In case of small VLDs not having space for a rating plate with all information, the devices

shall be

nominal

5.2

5.2

A

VLDs w
normal

amb
sola
altity
any

The eql
designe
vibration or limited shocks may affect the;;equipment, which shall be capable of o
satisfac

5.2

2y M
gn: N
.2

VLDs w
normal

5.2

amb
1:20

altity

llldllr\UuI VVit;l tiIU Illdllufdbtulbl’b arimre Uil tlddcllldl;\, tiIU typU Ulﬂbiglldt;ull
triggering voltage. The remaining information shall be given in a data-sheet:

Slervice requirements

Normal outdoor service conditions

hich conform to this document shall be suitable for operatioh under the f
bervice conditions:

ent temperature within the range of -40 °C to +40 °C;

- radiation lower than 1 120 W/mZ2 as given in IEC 62498-2;

de not exceeding 1 400 m (from Annex B in IEC61992-1:2006);
pollution not exceeding PD 4 as given in IEC\62497-1.

d so as to damp the main effects of the-passage of the trains. Nevertheless, 3

orily when subjected to the following conventional accelerations separately ap

ertical acceleration:5 m/s?;
orizontal acceleration:5-mys2.

Normal indoor service conditions

hich conform to,-this document shall be suitable for operation under the f
bervice conditions:

ent temperature within the range of -5 °C to +40 °C (from Annex B in IEQ
06);

de not exceeding 1 400 m (from Annex B in IEC 61992-1:2006);

and the

bllowing

ipment shall be suitable for installation\in the vicinity of a rail track on foundations

limited
pberating
plied:

bllowing

61992-

any

.3

poftutiom ot exceeding PD3asgivemr imtEC 624971

Abnormal service conditions

The following are examples of abnormal service conditions which require
consideration in the manufacture or application of VLD and should be brought to the attention
of the supplier:

special

temperature in excess of +40 °C or below -5 °C for indoor installations or below -40 °C for

outd

oor installations;

application at altitudes higher than 1 400 m; in this case the temperature-rise tests and
dielectric tests (for VLDs inside a cabinet), carried out at laboratories at lower levels, shall
take into account a correction in the temperature-rises and dielectric test values to be

agre

ed between the involved parties;
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— all excessive environmental conditions that may degrade insulating surface or mounting
hardware: fumes, vapours dirt, salt spray or other conducting materials; moisture,
humidity, dropping water or steam;

— explosive mixtures of dust, gases or fumes;

— special mechanical requirements (earthquakes, vibrations, high ice loads, high cantilever
stresses);

— unusual transportation or storage;
— heat sources near the VLD.

5.3 General characteristics

The foll wing characteristics snall be deftined to laentiry each VLD.

— the ¢lass of VLD;

— if relevant, the auxiliary power supply voltage, with its tolerances.

The mgnufacturer shall specify whether the device is recoverable or\non-recovefable at
defined [currents and durations.

5.4 Minimum requirements
5.41 Response time
A VLD [shall become conductive in a time not greatér/than the specified responjse time

depending on the applied voltage. The response time.of\the VLD shall be stated as function of
the applied voltage.

For VLIDs of Classes 2, 3 and 4 the triggering may be delayed intentionally in orfer that
unwanted triggering will not take place due to'switching transients and similar phenomgna.

5.4.2 Additional requirements for(VLDs of Class 1

If gas discharge tubes are used in(VLDs, they shall comply with IEC 61643-311.

5.4.3 Additional requirements for VLDs of Classes 3 and 4

The VLD shall not open-if-the current through it exceeds its breaking capacity.

The VLD shall opénrat an adjustable time after it has closed unless the breaking capacity is
exceedg¢d. The tange of variation of this time setting shall be specified.

If the VLD re-opens automatically and then re-triggers, after a set number of operatipns in a
given time-interval either:

— it shall be prevented from re-opening and a warning or an alarm shall be signalled; or
— only a warning or an alarm shall be signalled.

The VLD shall provide the possibility to be manually operated at site.

If the VLD requires a power supply for operation, the VLD shall be provided with a failsafe
function such that it turns into the conductive state in case of failure of the power supply.

5.5 Electrical characteristics and thermal rating

In addition to the general characteristics indicated in 5.3, the manufacturer shall state the
following electrical characteristics of each type of VLD if applicable. In case of adjustable
parameters, the setting ranges shall be stated:
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— for VLDs of Classes 3 and 4, the nominal voltages of the electric traction systems in which
the VLDs are to be installed;

— the nominal triggering voltage Ut,;

— the non-triggering voltage Uyy;

— the maximum response time as function of the voltage;

— thei

nstantaneous triggering voltage Uq;;

— the maximum leakage current /| at Uy, when the VLD is in its non-conducting state;

— the short-time withstand current 7, and the duration of the current flow;

— the rated current /;

— the
— the

Ximu laual v re-t Wi u ,

aximum residual voltage at the rated current;

— the ¢onditions in which the VLD is recoverable;

— the
with

lightning current impulse, or sequence of lightning impulses, which the V|
stand in the specified test conditions;

— for |LDs of Classes 3 and 4, the breaking capacity, determined injactordance with

— for \|LDs of Classes 3 and 4, the making capacity, in accordance/with 6.4.3.

56 P

rotection of VLDs against lightning

LD can

6.8;

If requeisted by the purchaser the VLD shall withstand<{he effects of the specified lightning

surges.
arrester

The requirements can be different according to«the class of VLD. If necessary
according to IEC 62848-1, may be integrated.into the VLD.

5.7 Clommand and control (Classes 3 and.4only)

5.7.1

On the
provide

the i
the i

o O T QO

apu

D

apu

Local control

cabinet, the following charactefistics and measuring indications should be forg
a monitoring and control loeally:

Estantaneous DC voltage across the terminals of the VLD;
stantaneous DC current flowing through the device;

sh or touch button to manually command the closing and the opening of the de|

)
)
) the ¢perating state of.the VLD (open or closed);
)
)

sh or touch button to start a manual self-test (if possible);

f) accgss tosrecorded data as given in 5.7.3, the activations, warnings, alarms, etc

past

NOTE 1

andistored in a register file (if applicable).

a surge

seen to

vice;

, in the

conventionally the Voltage In 1tem a) IS The Voltage on the TrallsS relative 10 eartn. 1Tnis means

rail potential is positive the figure displayed is positive.

hat if the

NOTE 2 The manual self-test procedure in item e) will trigger the thyristor and will also close the contactor for a
limited time (typically 1 s).

5.7.2

Remote signalling

If remote signalling is requested at least the following signals shall be offered:

a) contactor open;

b) cont

actor closed;

c) warnings, alarms.

Further information may be agreed between purchaser and manufacturer such as current or

voltage.
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Operation and alarm recordings

Recordings are optional. A list of the recordings that can be stored is indicated as an example
in the following:

a) operation recordings:

1) t
2) t

he status of the VLD;
he total number of operations (1 operation = 1 x close + 1 x open);

b) alarm recordings with time stamp:

1) interruption of the auxiliary power supply of the device;

2)
i
3) i
f
(e
4) t
1
6 Tyq
6.1 G

evice in closed position state during a long period of time., eventually param

eterised

N 2 or more levels;

hternal operation faults: an internal self-diagnostic function controls \the
Linctioning of closing and opening the device; in case of an internal fault; an
reated;

ne exceeding of a given frequency of operations, eventually parameterised
hore levels.

e tests

eneral

The chdracteristics of the VLD shall be verified by type‘tests.

Type te
otherwis

Once m
modify t

For all t

An alter]
to cond

5ts shall be carried out as indicated in Table 2. All tests are mandatory unles
e.

ade, these type tests need not be“repeated unless the design is changed s
he VLD performance. In such a.case only the relevant tests need be repeated.

he tests the ambient tempeéerature shall be recorded.

ict AC, the wave=ferm of the current in the VLD can flow in both directions

ripple clirrents from the substations, tripping of the feeders during short-circuits or ear

in the I
regener

DC power system, transient effects due to switching of the current by thg

correct
alarm is

in 2 or

5 stated

0 as to

nating current test is foreseen, if requested, because even if the VLD is not gpecified

due to
th faults
trains,

htive braking-currents of the trains or AC currents injected by AC power systens.
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Table 2 — Type tests

Tests Classes of | Subclause
VLD
Nominal triggering voltage and non-triggering voltage: 6.2
Procedure for welding shut spark gap VLDs 1 6.2.1
Procedure for thyristor type VLDs 2 6.2.2
Procedure for mechanical switching VLDs and for combined thyristor with 3,4 6.2.3
mechanical switching devices
Leakage current 1,2, 4 6.3
DC current withstand All 6.4
Hrocedure to determine long-term current All 6.4.2
Hrocedure to determine short time withstand All 6.4.3
AC currgnt withstand characteristics All 6.5
(Optional)
Responge time characteristics All 6.6
Lightning current withstand characteristics for VLDs exposed to direct lightning All 6.7
strikes
Recovery test 3,4 6.8
Reverse|voltage test 2.1 6.9
Dielectrig test 3,4 6.10
Degree of protection All 6.11
Environmental tests for outdoor equipment All 6.12
Determinpation of minimum current for safe short circuiting ‘of Class 1 VLDs 1 6.13

The required number of samples and' their conditions are specified in the individual
subclauges.

VLDs are considered to be of theysame design if the following conditions are fulfilled:
— they| are based onsthe same components resulting in the same perfgrmance
charfacteristics;
— they| are characterised by similar construction resulting in equivalent heat dissipation
conditions whepeas mounting or arrangement on the supporting structure may differ.

If not specified-otherwise in the individual clauses, tests shall be carried out on the complete
VLD as [used.in service, i.e. with surge arrester in parallel, if applicable.

6.2 Nominal triggering voltage Uy, and non-triggering voltage Uy,
6.2.1 Procedure for welding shut spark gap VLDs (Class 1)
6.2.1.1 General

This test shall be carried out on 3 samples of VLD in dry condition at 20 °C + 15 °C.

6.2.1.2 Non-triggering voltage test

The non-triggering voltage Uy, of the VLD shall be applied for a duration greater than 300 s.
This test shall be carried out at both polarities. The non-triggering voltage Uy, should typically
be 80 % of Ut, as given in Table A.1 (see Annex A).
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a) Pass criteria

No trigger shall occur.

6.2.1.3

Triggering voltage test

The test samples are connected to a DC voltage generator with a current > 1 mA after
triggering but such that the device recovers after the trigger.

NOTE For VLD class 1 the nominal triggering voltage and the instantaneous triggering voltage are equal.

The test samples shall be further tested by applying a DC voltage increasing from 0 V with a

rise du/

0T within TUU V/s up 10 £ UUU V/s according to TEC bTo4s-5T1 until the 1esl

VLD triggers.

The pro

cedure shall be repeated 5 times per sample for positive and negativepolarity

period df 15 min.

The vallie of the trigger voltage shall be recorded.

a) Pass criteria

All mea
mechan
non-trig

sured triggering voltages are below or equal to thesnominal triggering voltage
jcal destructions occurred and the VLD wilkvnot trigger for any duratio
pering voltage Uy is applied. The nominal ‘triggering voltage Uy, shoul

accordance with Table A.1.

6.2.2
6.2.2.1

Procedure for thyristor type VLDs (Class2)

General

This tesft shall be carried out on 3 samples of VLD in dry condition at 20 °C + 15 °C.

shall be

6.2.2.2

carried out at both polarities:for bidirectional VLDs.

Non-triggering yoltage test

The non-triggering voltage) of the VLD shall be applied for a duration greater than 30

non-trig

pering voltage Uy, should be 80 % of Uy, as given in Table A.1.

a) Pass criteria

No trigg

6.2.2.3

|er shall occur.

sample

within a

Utp, NO
n when
1 be in

Mhe test

) s. The

Triggering and instantaneous triggering voltage test

The test samples shall be further tested by applying a DC voltage increasing from 0 V with a
rise to the:

— instantaneous triggering voltage within 5 ms;

— triggering voltage(s) according to a duration which is specified for the triggering voltage,

until the test sample VLD triggers.

The test of the triggering voltage(s) may be omitted, if the nominal triggering voltage
coincides with the instantaneous triggering voltage.
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The procedure shall be repeated 5 times per sample for positive and negative polarity within a
period of 15 min. The value of the instantaneous triggering voltage and the triggering
voltage(s) shall be recorded.

a) Pass criteria

All measured triggering voltages are below or equal to the specified nominal triggering voltage
Ut,- The nominal triggering voltage Uy, should be in accordance with Table A.1.

6.2.3 Procedure for mechanical switching VLDs and for combined thyristors with
mechanical switching devices VLDs (Class 3 and Class 4)

6.2.3.1 General

This tedt shall be carried out on 1 sample of VLD in dry condition at 20 °C + 152C. The test
shall be[carried out at both polarities for bidirectional VLDs.

6.2.3.2 Non-triggering voltage test

The norj-triggering voltage of the VLD shall be applied for a duratien“greater than 300 s. The
non-triggering voltage Uy, should be 80 % of Ur,, as given in Table"A.1.

a) Pass criteria
No triggler shall occur.

6.2.3.3 Triggering and instantaneous triggering voltage test

The tesf samples shall be further tested by applying a DC voltage increasing from 0 YV with a
rise to the:

— instgntaneous triggering voltage within 5 ms;

— triggering voltage(s) according-to a duration which is specified for the triggering|voltage
until|the test sample VLD triggers.

The progedure shall be repeated 5 times per sample for positive and negative polarity jwithin a
period of 15 min. The(value of the instantaneous triggering voltage and the trjggering
voltage(s) shall be recorded.

a) Pass criteria

All meagured. triggering voltages are below or equal to the specified instantaneous trjggering
voltage |Ug)”7and the nominal triggering voltage(s) Ut,. The instantaneous triggering|voltage
U, should be in accordance with Table A.2. The nominal triggering voltage Uy, shall be in
accordance with Table A.1.

6.3 Leakage current

This test shall be carried out on one sample of VLD in dry condition at a temperature of
20 °C = 15 °C for minimum duration of 1 min.

A DC voltage equal to the non-triggering voltage U,y of the VLD shall be applied and the
leakage current through the VLD shall be recorded. This test shall be carried out at both
polarities.

a) Pass criteria

The leakage current for each polarity should be within the specified limits of Table A.5.
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DC current withstand

1 General

The test is intended to check that the device withstands the rated current.

6.4.

2 DC rated current test

This test shall be carried out on one VLD in dry condition at an ambient temperature of
20 °C + 15 °C.

The DC rated current shall be applied to the VLD for a time duration of 60 min. Values of DC
hla A

rated current-sheuld-beintherangeof-Fabl

2

TGO

The tes{ sample shall be mounted and connected with connecting cables of equivalent cross-
section [such that the current density of 1,5 A/mm? of copper or equivalent s not exceeded

based on the rated current.

The tenjperature of the device and its terminal temperatures shall be‘measured by af least 3
thermo glements or equivalent temperature sensors, one at each terminal and at leas{ one on

the surface of the device. Good thermal conductivity shall be ensured between the sensor and
the surface of the VLD. The position of the temperature sensors shall be noted in [the test
report.

The curfent, residual voltage and temperatures shall b& monitored during the test anq plotted

versus tfme in a diagram.

For VLDOs of Classes 1, 3 and 4 the test currentmtay also be an AC current with an RMS equal

to the specified DC test current.

The tes{ comprises:

selegt polarity;
apply the DC rated current yalue for 60 min after having triggered the device;

for fecoverable types, €ool down to ambient temperature and determine the jnominal
triggering voltage Upsvand the non-triggering voltage Uy, of the test sample ag¢cording
to 62.

Bidirectljonal VLDsyshall be tested at both polarities unless they are of symmetrical|design.

VLDs off Class 272'shall be always tested at both polarities.

a)

PTss criteria for non-recoverable device

no interruption of current during test;

measured temperature rise at the surface of the device, if from insulation material, is
equal or less than the temperature rise limits of the insulation class of the used insulation
material (refer to IEC 60085);

the resistance between the terminals of the device is less than 10 mQ, measured with a
test equipment having a test current of at least 10 A;

no mechanical damage.
Pass criteria for recoverable device

no interruption of current during test;

measured temperature rise at the surface of the device which, if from insulation material,
is equal or less than the temperature rise limits of the insulation class of the used
insulation material;
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measured temperature rise of the terminals which is less than 75 K for bolted connections
of bare copper, aluminium and copper alloys or less than 100 K for bolted connections of
silver or nickel-plated terminals (limits according to IEC 61992-1:2006, Table 5);

all measured trigger voltages are within the specified limits;

the maximum RMS value of the residual voltage recorded in the tests is less than the
specified DC residual voltage at rated current;

no mechanical damage;
the device is restored to its non-conducting state when the test current is switched off.

6.4.3 Short time withstand current test

This te§tshaltbe carrted out on one sampie of VLD I dry condftfom at—a temperature of
20 °C £[ 15 °C. Values of short time withstand current should be in accordaneelWwith the
making [capacity of Table A.6 in combination with Table A.4. If a manufacturef states for a
VLD different short-time withstand currents and durations for recoverable behavior|and for
non-recpverable behavior the tests may be carried out on separate samples. The curfent and

the residual voltage shall be recorded during the test at an appropriate sampling rate.
The sp€cific energy shall be calculated and given for information.

The tes{ sequence comprises:

selegt polarity;

apply the specified current for the specified duration after having triggered the deyice; for
Class 1 VLDs the test current may be also an AC.current with an RMS value equrxl to the
spegified DC test current if the duration foreseenfor the current is higher than 50 ms;

altennatively apply a current waveform faer.,'a duration between 8 ms and 10 ms with
equilalent specific energy (kAZ2s) as the specified short time withstand current;

for recoverable types cool down to ambient temperature and determine nominal trjggering
voltgge U, and the non-triggering-voltage Uy, of the test sample according to 6.P or the
resppnse time characteristics according to 6.6.

Bidirectljonal VLDs shall be tested at both polarities unless they are of symmetrical|design.

VLDs off Class 2.2 shall be always tested at both polarities.

a)

Pass criteria fornon-recoverable device

the resistance-between the terminals of the device is less than 10 mQ, measured with a
test current of\at least 10 A;

no interruption of current during test;

the maximum RMS value of the residual voltage evaluated at intervals of the fundpmental
powg—mwmmmm—mm—ﬁﬁe short

time withstand current;

no mechanical damage shall occur that has influence on the current carrying capacity of
the VLD;

no flames after 2 min.
Pass criteria for recoverable device

no interruption of current during test;

residual voltage (RMS value) is less than or equal to the specified DC residual voltage at
the short time withstand current;

the measured trigger voltages are within the specified limits;
no mechanical damage;

the device is restored to its non-conducting state when the test current is reduced to zero.
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6.5 AC current withstand characteristics (optional)

This test shall be carried out on one sample of VLD in dry condition at a temperature of
20 °C £ 15 °C. Apply AC or DC voltage that triggers the VLD. After triggering, apply the
specified AC current value for the specified duration. The RMS value of the residual voltage
shall be measured and reported. For recoverable types cool down to ambient temperature and
determine nominal triggering voltage Uy, and the non-triggering voltage U,y of the test sample
according to 6.2 or the response time characteristics according to 6.6.

If the test in 6.4.2 is performed with AC current this test need not be performed.

a) Pass criteria for non-recoverable device

— the resistance between the terminals of the device is less than 10 mQ, measuref with a
test current of at least 10 A;

— resiqual voltage (RMS value) is less than or equal to the specified AC residual vgltage at
the short time AC withstand current;

— no mechanical damage shall occur that has influence on the curreptycarrying capacity of
the YLD;

- no flfmes after 2 min.

b) Pass criteria for recoverable device

— resiqual voltage (RMS value) is less than or equal t@_the specified AC residual vqltage at

the ghort time AC withstand current;
- ther:[weasured trigger voltages are within the specified limits;
— no njechanical damage;

— the device is restored to its non-conducting state when the test current is reduced fo zero.
6.6 Response time characteristics
6.6.1 Response time for DC voltage

This tegt shall be carried outlon one sample of VLD in dry condition at a temperature of
20 °C £[15 °C.

The deMice shall be tested using a test circuit as given in Figure 1, using a DC source J.

For all glasses, the test shall be carried out at the DC voltages taken from Table 3, excluding
all the vjalues lower than or equal to Uy,

Table 3 — Maximum response time as a function of DC voltages

Voltage Maximum response time
\ ]
870 0,02
520 0,2
360 0,6
160 1
150 300

For VLDs of Classes 3.1, 3.2, 4.1 and 4.2, these values of the response time refer to the
maximum time duration of the indicated voltage complying with IEC 62128-1:2013, Table 6.
For VLDs of Classes 1, 2, 3.3 and 4.3, other values of response time may be applicable.
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The voltage after triggering is not relevant for the response time test.

The test sequence comprises:

— select polarity;
— adjust the test voltage U, to the highest of the specified values;
— turn on the switch S, which is preferably of a bounce-free type;

— measure the response time Tg: from the first rise of voltage U, until breakdown of voltage
U, (see Figure 2).

— repeat this test with the other specified voltages; measure the respective response times
TR;

— plot[the different voltages U; versus response times Tg in a diagram ageofding to
Figure 3.

Bidirectljonal VLDs shall be tested at both polarities unless they are of symmetrical degign.
a) Pass criteria

All measgured response times are within the specified limits.

\(S

U, U2=f(t) VLD

IEC
Key
VLD voltage limiting device
R resistor| to limit the current.
S switch
U test voljage source
U, test vqltage

U, measured \oltage

Figure 1 — Test circuit for testing of response time
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U,

= w IEC

Key

T, response time

U, measured voltage

Figure 2 — Ty evaluation

Uy (V)

0 1+~ T T T T >

Tr (log) (s)
IEC

Figure 3 — Response time characteristic

For VLDs of Classes' 3.2 and 4.2, the response time shall be measured additionally at the
voltageg given imlEC 62128-1:2013, 9.3.2.3 and IEC 62128-3:2013, 7.6 as applicable.

6.6.2 Response time for combined AC-DC voltage

This test applies only to bi-directional VLDs. It shall be carried out on one sample of VLD in
dry condition at a temperature of 20 °C £ 15 °C.

The device shall be tested using a test circuit as given in Figure 4, using a combined AC-DC
source U. The AC source has a frequency of the supply voltage of the AC traction system
according to IEC 60850 and the frequency shall be noted.

The test shall be carried out at the combined voltages given in Table 4 except voltages lower
than or equal to Ut
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The test

The tes{ shall be performed at both polarities of the DC part.

a)

sele
adju
turn
mea

Table 4 — Response time for combined AC-DC voltages

Maximum response time
AC voltage DC voltage according to
IEC 62128-3:2013
\Y \% s
700 120 0,1
60 625 0,1
560 120 0,2
60 520 0,2
60 85 300
35 120 300
8 60 3002
25 35 3002
a8 For depots and workshop areas only permanent touch voltages are specified in
the IEC 62128 series. For testing a maximum duration of 300 s is applied.

sequence comprises:

ct polarity of the DC part;

5t the test voltage pairs to the highest of the specified values;

on the switch S, which is preferably of a bounce-free type;

gure the response time Tg: from the firstsise of voltage U, until breakdown of]

voltage

U, (see Figure 5);

repeat this test with the other specified-voltage pairs; measure the respective résponse
timep Tg;

make a table with the applied voltage pairs and the recorded response time.

Pass criteria

All mea

For VLDs of Classes 3.2 and 4.2, the response time shall be measured additionall
voltageg givefntin IEC 62128-1:2013, 9.3.2.3 and IEC 62128-3:2013, 7.6 as applicable.

sured response times are within the specified limits.

y at the
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b U2=10 VLD

IEC

Key

VLD volta|
R resistorn
S switch
U test vol
U, test vg

U, measu

Key

T, resporfse time

U, measu

6.7

-

ge limiting device

to limit the current.

age source
Itage

red voltage

Figure 4 — Test circuit for testing of response time T
for combined AC-DC voltage

o ,

TR

IEC

red voltage

Figure 5=~ Evaluation of response time T for combined AC-DC voltage

ghtning current impulse withstand characteristics for VLDs exposed to djirect

ghtning strikes

The test procedure related to the determination of lightning current impulse withstand
characteristics of the VLD is described in this subclause. It is intended to check that the
device will withstand direct lightning surges.

The procedure described shall be applied to one sample of the VLD in dry condition at a
temperature of 20 °C £ 15 °C. The test voltages are to be applied terminal to terminal of

the VLD

The test sequence comprises:

— select polarity;

— dete

rmine nominal triggering voltage Uy, and the non-triggering voltage Uy, of the test

sample as initial measurement;
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The tes{ shall be performed at both polarities.

apply one lightning current impulse, Tlimp-n» according to Table A.7 wave 8/20 us; measure
the residual voltage;

apply one high current impulse, I wave 8/20 ps or 4/10 us specified in Table A.8;

imp-high®
cool down to ambient temperature;

apply one high charge impulse / specified in Table A.9 or Table A.11 and Table A.12;

imp-hc
cool down to ambient temperature;

apply one lightning current impulse, fimp-n Wave 8/20 ys; measure the residual voltage;

determine nominal triggering voltage Uy, and the non-triggering voltage Uy of the test
sample;

determine DC leakage current for Classes 2 3 4

For the [lightning current impulse the limits on the adjustment of equipment shall be slich that
the medsured values are from 7 ps to 9 ys for the virtual front time andyfrom 18 ps fo 22 us

for the tjme to half value on the tail.

The hiﬂ: charge impulse shall either have a wave shape of /10/350 us or shall have an

approxi

ately sinusoidal shape with a duration within 200 ps~and 230 ys. Time duration is

counted| where the instantaneous value of the impulse current)is greater than 5 % of jts peak

value.

NOTE A|description is available in IEC 60099-4:2014, 8.5 for relatienship.

a)

6.8

Pass criteria (Class 1 non-recoverable)
the yresistance between the terminals of the device is less than 10 mQ, measurefl with a
test current of at least 10 A;
no flashover;
no mechanical damage shall occur that has influence on the current carrying capacity of
the YLD.

Pass criteria (Class 1 recoverable, Classes 2, 3, 4)

all measured trigger.voltages are within the specified limits;
all measured leakagé currents are within the specified limits (not applicable for Clags 1);
no flashover;

meapured«residual voltages at lightning current impulse are not higher than the slpecified
valug and did not change by more than 5 % (not applicable for Class 1);

no mechanical damage

Recovery voltage test (Classes 3, 4)

This test shall be carried out on one sample of VLD in dry condition at a temperature of
20 °C + 15 °C. Figure 6 shows the test assembly. The test arrangement shall consist of an
inductor and a resistor in series with the VLD, and a test voltage source U, which is a value
higher than the instantaneous triggering voltage Ut;. The resistor R shall be such that the
current flowing in the circuit equals the specified breaking capacity as given in Table A.6 (see
Annex A). The inductor L shall be selected so that the time constant of the complete circuit is
7 ms £+ 1 ms. The current in the VLD and the voltage across the contacts of the VLD shall be
recorded versus time, using a suitable sampling rate. The results shall be reported. The
energy dissipated in the VLD shall be calculated and reported.
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Key

VLD voltage limiting device

R resistor] to limit the current to the specified breaking capacity
S switch
L inductof to set the time-constant of the circuit

U test voljage source

Figure 6 — Circuit for the recovery voltage test

The tes{ sequence comprises:
— the Yalue of the resistor R is adjusted in such a way{as'to set the current at the gpecified
valug to be switched off;

— the Value of inductor L is selected in such a way that the time constant of the complete
circyitis 7 ms £ 1 ms;

— the f{est voltage is applied to the VLD by turning on the switch S and then the VLI closes
automatically;

— thergafter the VLD is opened either_automatically or under manual control: current|through
and (voltage across the VLD are recorded;

— the gwitch S is then open and-the test is concluded.

The tes{ shall be repeated with reverse polarity.

a) Pass criteria

— VLD|breaks the,test current;

— no re¢-ignitioh after current zero.

6.9 everse voltage test (Class 2.1)

This testis applicable for unidirectional devices, only.

The test sequence comprises:

— select triggered polarity;

— determine nominal triggering voltage Uy, and the non-triggering voltage Uy, of the test
sample at 20 °C + 15 °C as initial measurement;

— apply specified permanent DC voltage for 30 min to the terminals of the device in reverse
direction;

— apply specified short time DC voltage during the specified time to the terminals of the
device in reverse direction;

— determine nominal triggering voltage Uy, and the non-triggering voltage U,y of the test
sample at 20 °C + 15 °C.
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a) Pass criteria

— no triggering in the reverse direction;
— all measured trigger voltages are within the specified limits;
— no mechanical damage.

6.10 Dielectric tests for panel type voltage limiting devices (Classes 3 and 4)
6.10.1 Test conditions

The panel to be tested shall be mounted complete as in normal service.

The test voltage specified shall be applied by connecting the conductor from the returh circuit
to the h|lgh-voltage terminal of the test supply. The earth conductor of the main cireuit|and the
auxiliary circuits shall be connected to the frame and to the earth terminal of the_tesf supply.
The test shall be repeated with the earth conductor energised and the conductor’to the return
circuit tg earth.

The dielectric test shall be made with mechanical short circuiting devices in open position.

Compornents not suitable to withstand the dielectric tests as/surge arresters or|voltage
transdugers shall be disconnected, earthed, shorted out or removed, as applicable} before
testing. [This equipment shall be separately tested in accordance with the applicable|product
standard.

6.10.2 | Power-frequency voltage withstand test

U..5%X115
The teqt voltages correspond to Max {—™85_=: 2000 V} in which U, |are the

V2
overvoltage values given in Table A.1 of /[EC 60850:2014. The test voltage shall be reached,
from 0 VY to the specified level, in 5 s and maintained for 60 s.

The tes{ shall be carried out using.a test voltage in the range of frequency between 45 Hz and
65 Hz of approximately sinusoidal form (see IEC 60060-1).

Equipment intended to (be" installed indoors shall be tested in dry conditions; equipment
intended to be installed Joutdoors shall be tested in wet conditions as a type test and in dry
conditiohs as a routine ‘test.

The poyer frequency voltage test value for auxiliary and control circuits shall be 2 000 V.
Lower t¢st Voltages may be agreed between purchaser and supplier.

a) Pass criteria
No flashover.

6.11 Degree of protection of enclosures

For devices having a given degree of protection higher than IP0O0 the following tests apply as
type tests.

General requirements for the tests shall comply with Clause 11 of IEC 60529:1989.

The tests to verify the degree of protection indicated by the first numeral shall be performed in
accordance with the requirements specified in Clause 12 of IEC 60529:1989 for protection
against access to hazardous parts.
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The tests to verify the degree of protection indicated by the second numeral shall be
performed in accordance with the requirements specified in Clause 14 of IEC 60529:1989 for
protection against water.

6.12 Environmental tests for outdoor equipment

Three specimens of housing materials shall be selected for this test (with markings included,
if applicable).

The insulator housing shall be subjected to a 1 000 h UV light test using one of the following
test methods.

L l Lo O\ 40090 4
a) xengm=arcmethods—+S64892-1

amdSO4892=2-usingmethod—A*withoutdarkperiods:
1) dtandard spray cycle;
2) hlack-standard/black panel temperature of 65 °C;
3) gn irradiance of around 60 W/m?;

b) fluonescent UV Method: ISO 4892-1 and ISO 4892-3, using type “I” fluerescent UV Jamp;

1) dxposure method 2.

Only tegts with simultaneous water spraying and UV radiation are{acceptable.
Markings on the housing, if any, shall be directly exposed to UV light.
a) Pass criteria

After the test, markings on housing material shall still be legible; surface degradations such
as cracks and blisters are not permitted.

In case |[of doubt concerning such degradation, two surface roughness measurements [shall be
made oh each of the three specimens.’The crack depth, Rz as defined in ISO 4287, ghall be
measure¢d along a sampling length ‘of-at least 2,5 mm. Rz shall not exceed 0,1 mm.

NOTE

§0 3274 gives details of surface roughness measurement instruments.
6.13 Determination of minimum current for safe short circuiting of Class 1 VLD§g

For Claps 1 VLDs the.welding shut characteristic with a resistance of less than 10 mQ at
minimum current shall be verified.

The test shallbe carried out on one sample of VLD in dry condition at a temperature of
20 °C £[15/¢€.

If a manufacturer states for a VLD different current-time characteristics the test shall be
carried out for each parameter.

Preferred time and current characteristics are given in Table A.10.

The test sequence comprises:
— the test samples are connected to a DC voltage generator with an open circuit voltage
equal to or higher than the triggering voltage of the VLD;

— the specified minimum current-time characteristic according to Table A.10 should be
applied;

— the current, residual voltage and temperatures shall be monitored during the test and
plotted versus time in a diagram.
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