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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SURGE ARRESTERS -
Part 7: Glossary of terms and definitions from IEC publications
60099-1, 60099-4, 60099-6, 61643-1, 61643-12, 61643-21,
61643-311, 61643-321, 61643-331 and 61643-341

FOREWORD

1) THe International Electrotechnical Commission (IEC) is a worldwide organization for sta rising
alll national electrotechnical committees (IEC National Committees). pmote
infernational co-operation on all questions concerning standardlzat|on in the electr fis. To
this end and in addition to other activities, tions,
Tgchnical Reports “IEC
Pyblication(s)”). Their preparation is entrusted to technical committees; any IEG rested
in|the subject dealt with may participate in this preparatory work non-
gdvernmental organizations liaising with the IEC also participate in this\prepa losely
with the International Organization for Standardization (ISO) in agtaqrd ined by
adgreement between the two organizations

2) THe formal decisions or agreements of IEC on technical matter tional
consensus of opinion on the relevant subjects since each/technica bm  all
inferested IEC National Committees.

3) IELC Publications have the form of recommendations for inte tional
Cgmmittees in that sense. While all reasgrfab f IEC
Pdblications is accurate, IEC cannot be r any
misinterpretation by any end user.

4) In|order to promote international uniformit ications
trgnsparently to the maximum extent posgi gence
between any IEC Publication gted in
the latter.

5) IEC provides no marking p r any
equipment declared to be

6) Al| users should epsure

7) Nq liability shal . employees, servants or agents including individual experfs and
me¢mbers of its tecihig pational Committees for any personal injury, property damage or
other damage of 3 Hether direct or indirect, or for costs (including legal feeg) and
exjpenses arising/o se of, or reliance upon, this IEC Publication or any othdr IEC
Pdblications

8) Attention is¢dra 8, references cited in this publication. Use of the referenced publicatipns is
indlispensgabls

9) Atjentiqn is sibility that some of the elements of this IEC Publication may be the subject of
patent rig Qt be held responsible for identifying any or all such patent rights

A PAS is altechnjca) specification not fulfilling the requirements for a standard but made

availpble tothe public

IEC-

The text of this PAS is based on the This PAS was approved for
following document: publication by the P-members of the
committee concerned as indicated in
the following document

Draft PAS Report on voting
37/291/NP 37/296/RVN

This PAS shall remain valid for an initial maximum period of three years starting from 2004-
05. The validity may be extended for a single three-year period, following which it shall be
revised to become another type of normative document or shall be withdrawn.
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SURGE ARRESTERS -
Part 7: Glossary of terms and definitions from IEC publications
60099-1, 60099-4, 60099-6, 61643-1, 61643-12, 61643-21,
61643-311, 61643-321, 61643-331 and 61643-341

4 (E)

1 Scope

This|PAS compiles a list of terms and definitions relative to IEC pupblications frem| IEC
technical committee 37: Surge arresters, and subcommittees 37A: Surge protestive)deVices,
and B7B: Surge protective components, current at the date of this pubk

2 iurge arresters — Non-linear resistor type gapped or'a.c

2.1

surgle arrester”
devige designed to protect electrical apparatus

ystems (IEC 60099-1:1991+A1:1999)

duration and frequently the amplitude g 3 . yrge arrester” include
extefnal series gap which is essentia{ for™t s i the device as installe
service, regardless of whether or not it i part of the device

NOTH Surge arresters are usually connected(between th ectrical conductors of a network and earth alt
they may sometimes be connected across the wjndi apparatus or between electrical conductors.

2.2

non-linear resistor type ga 3 \

arredter having a singlle vrs S p connected in series with one or more

2.3

linear resistors Q

serigs gap of ancarke
intentional gap.or gaps be en spaced electrodes in series with the non-linear series res
or repistors qf the '

2.4
non-linear se¢ S
part pf the surge~arrester which, by its non-linear voltage-current characteristics, acts as

resistancesto.the flov

term
mag

2.5
sect

of high discharge currents thus limiting the voltage across the arr|

itude of follow-current

ltage and to limit the

5 any
d for

hough

non-

sistor

b low
ester
the

’]‘nals, and as a high resistance at normal power-frequency voltage thus limiting

ion of an arrester

complete, suitably housed part of an arrester including series gaps and non-linear series
resistors in such a proportion as is necessary to represent the behaviour of a complete
arrester with respect to a particular test

2.6
unit

of an arrester

completely housed part of an arrester which may be connected in series with other units to
construct an arrester of higher voltage rating. A unit of an arrester is not necessarily a section
of an arrester

This type of equipment may be called "surge diverter" in some countries.


https://iecnorm.com/api/?name=93c22454c81e23dfbd90e7a793e4fca4

PAS 60099-7 © IEC:2004 (E) -5-

2.7

pressure-relief device of an arrester

means for relieving internal pressure in an arrester and preventing explosive shattering of the
housing following prolonged passage of follow-current or internal flashover of the arrester

2.8

rated voltage of an arrester

designated maximum permissible r.m.s. value of power-frequency voltage between its
terminals at which it is designated to operate correctly. This voltage may be applied to the
arrester continuously without changing its operating characteristics

2.9
rated frequency of an arrester
freqyency of the power system on which the arrester is designed to be usg

2.10
disruptive discharge
phenomena associated with the failure of insulation under eI
collapse of voltage and the passage of current; the ter
solid} liquid and gaseous dielectrics and combinations of th

de a
VN in

NOTH A disruptive discharge in a solid dielectric produces pgrman S lectrial strength; in a liguid or
gaseous dielectric the loss may be only temporary.

2.11
pungture
disrulptive discharge through a solid

212
flashover
disrulptive discharge over a

2.13
sparkover of a
disrulptive discharge b

214

impuylse

unidirectignalwave™ef vo S ich, wi i illati , T pidly
to a maxim » Falls, i i i osite
polafity

The parameters Whickydefine a voltage or current impulse are polarity, peak value, front time,
and {imeto-half-value on the tail

2.15
rectangular impulse

impulse which rises rapidly to a maximum value, remains substantially constant for a specified
period, and then falls rapidly to zero

The parameters which define a rectangular impulse are polarity, peak value, virtual duration
of the peak, and virtual total duration

2.16

peak (crest) value of an impulse

maximum value of voltage or current in an impulse. In case of superimposed oscillations (see
8.3.2, 8.5.2¢), and 8.5.3.2c) of IEC 60099-1)
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2.17
front of an impulse
that part of an impulse which occurs prior to the peak

2.18
tail of an impulse
that part of an impulse which occurs after the peak

2.19
full-wave voltage impulse
voltage impulse which is not interrupted by sparkover, flashover, or puncture

2.20
chopped voltage impulse
voltage impulse which is interrupted on the front, peak, or tail by
puncfture causing a sudden drop in the voltage

2.21
prospective peak (crest) value of a chopped voltage i

er or

peak| (crest) value of the full-wave voltage impulse from se is

derivied

2.22

virtual origin of an impulse

point on a graph of voltage versus tim determined by the interselction

betwgen the time axis at zero voltage two

refer

a) ence

b) ronktimes greater than 30 us, the origin is gengrally

c)

NOTE 3.

2.23

virtu

time,

a) 5 the
time taken by the voltage to increase from 30 % to 90 % of its peak value;

b) for voltage impulses with front durations greater than 30 us, 1,05 times the time flaken
by the voltage to increase from 0 % to 95 % of its peak value;

c) for current impulses, 1,25 times the time taken by the current to increase from 10 % to

90 % of its peak value

NOTE |If oscillations are present on the front, the reference points at 10 %, 30 %, 90 % and 95 % should be taken

on the mean curve drawn through the oscillations.

2.24
virtual steepness of the front of an impulse
quotient of the peak value and the virtual front time of an impulse
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2.25
virtual time to half-value on the tail of an impulse (T5)

time interval between the virtual origin and the instant when the voltage or current has
decreased to half its peak value. This time is expressed in ps

2.26
designation of an impulse shape
combination of two numbers, the first representing the virtual front time (7) and the second

the virtual time to half-value of the tail (7). It is written as 7,/T,, both in ps, the sign "/
having no mathematical meaning

2.27
stangdard lightning voltage impulse
impulse voltage having a waveshape designation of 1,2/50.

2.28
switching voltage impulse
impulse having a virtual front time greater than 30 ps

2.29
virtujal duration of the peak of a rectangular impulse
time [during which the amplitude of the impulse i

2.30
virtujal total duration of a rectangular impulse
time |[during which the amplitude of the/impulse | small

oscillations are present on the front, a\me b the

time jJat which the 10 % valleNs reached

2.31

peak (crest) value of

maximum ampli gached by a voltage or current impulse when it
oscillates about zero e manent zero value

2.32

discharge ¢ 3

surge or imp ows through the arrester after a sparkover of the series gaps
2.33

nomjnal disché rrent of an arrester
peak| valuesof/disshafge current, having an 8/20 waveshape, which is used to classify an
arredter.1tvis also the discharge current which is used to initiate follow-current in the
operating duty test

2.34

follow-current of an arrester

current from the connected power source which flows through an arrester following the
passage of discharge current

2.35

residual voltage (discharge voltage) of an arrester

voltage that appears between the terminals of an arrester during the passage of discharge
current
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impulse sparkover voltage of an arrester
highest value of voltage attained before sparkover during an impulse of given waveshape and
polarity applied between the terminals of an arrester

2.37

front-of-wave impulse sparkover of an arrester:
impulse sparkover voltage obtained on the wavefront the voltage of which increases linearly

4 (E)

with time

2.38

stangdard lightning impulse sparkover voltage of an arrester

lowest prospective peak value of a standard lightning voltage impulse wh vhen dppli
an afrester, causes sparkover on every application

2.39

time|to sparkover of an arrester

time [interval between virtual origin and the instant of sparkove g he tir
expressed in us

2.40

impulse sparkover-voltage/time curve

curve which relates the impulse sparkover voltag

2.41

prosjpective current

currgnt which would flow at a given(location suit if it were short-circuited at
locatjon by a link of negligible impedantce

2.42

type|tests (design tests

tests| which are ! \ of the development of a new arrester desi
establish repre ive \ ) 0 demonstrate compliance with this part o
standard. Once mdde s not be repeated unless the design is so change
tom pf

2.43

routine t

tests

meets the

2.44

acceptance tests

selegted tests which are made when it has been agreed between the manufacturer an

ed to

ne is

that

jn to
f the
d as

duct

d the

purc

2.45

Taser thatthearrestersor representative samptes of amorderare to betested

protective characteristics of an arrester
combination of the following:

a)
b)

c)

lightning impulse sparkover-voltage/time curve as determined in 8.3.3 of IEC 60099-1;

the residual-voltage/discharge-current curve as determined in 8.4 of IEC 60099-1;

for 10 000 A arresters rated 100 kV and higher, the switching-voltage impulse

sparkover-voltage/time curve as determined in 8.3.5 of IEC 60099-1
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2.46

arrester disconnector

device for disconnecting an arrester from the system in the event of arrester failure to prevent
a persistent fault on the system and to give visible indication of the failed arrester

NOTE Clearing of the fault current through the arrester during disconnection generally is not a function of the
device, and it may not prevent explosive shattering of the housing following internal flashover of the arrester on
high fault currents.

3 Surge arresters — Metal-oxide surge arresters without gaps for a.c. systems
(IEC 60099-4:1991+A1:1998+A2:2001)

3.1
metgdl-oxide surge arrester without gaps

arregter having non-linear metal-oxide resistors connected in series a
any integrated series or parallel spark gaps

ithout

3.2
non-linear metal-oxide resistor

part pf the surge arrester which by its non-linear voltage vé ts as

a low resistance to overvoltages, thus limiting the voltage and
as afhigh resistance at normal power-frequency voltag

3.3

internal grading system of an arrest

grading impedances, in particular grad or to
a grqup of non-linear metal-oxide resis etal-
oxide resistor stack

3.4

grading ring of an arre

meta‘l part, usually [tage
distri

bution alon@

3.5

sect
comy
comy
unit

f an arrester necessary to represent the behaviour| of a
a particular test. A section of an arrester is not necessafily a

3.6

unit
completely-housed part of an arrester which may be connected in series and/or in paralle| with
other units 'to construct an arrester of higher voltage and/or current rating. A unit ¢f an
arregteris not necessarily a section of an arrester

3.7

pressure relief device of an arrester

means for relieving internal pressure in an arrester and preventing violent shattering of the
housing following prolonged passage of fault current or internal flashover of the arrester

3.8

rated voltage of an arrester (U;)

maximum permissible r.m.s. value of power-frequency voltage between its terminals at which
it is designed to operate correctly under temporary overvoltage conditions as established in
the operating duty tests (see 7.5 of IEC 60099-4). The rated voltage is used as a reference
parameter for the specification of operating characteristics

NOTE The rated voltage as defined in this document is the 10 s power-frequency voltage used in the operating
duty test after high-current or long-duration impulses. Tests used to establish the voltage rating in IEC 60099-1, as
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well as some national standards, involve the application of repetitive impulses at nominal current with power-
frequency voltage applied. Attention is drawn to the fact that these two methods used to established rating do not
necessarily produce equivalent values. (A resolution to this discrepancy is under consideration.)

3.9
continuous operating voltage of an arrester (U.)

continuous operating voltage is the designated permissible r.m.s. value of power-frequency
voltage that may be applied continuously between the arrester terminals in accordance with 7.5 of
IEC 60099-4

3.10
rated frequency of an arrester

freqyency of the power system on which the arrester is designed to be used

3.1

disruptive discharge

phenomena associated with the failure of insulation under electr [ clude a
collapse of voltage and the passage of current. The term appli i cakdowps in

solid} liquid and gaseous dielectric, and combinations of these

NOTH A disruptive discharge in a solid dielectric produces permane ic strgngth. In a liquid or
gaseous dielectric the loss may be only temporary.

3.12
pungture (breakdown)
disrulptive discharge through a solid

3.13
flashover
disrulptive discharge over a,solid surfa

3.14

impulse

unidirectional waye\of %o \ st W h without appreciable oscillations rises rapidly to
a mgximum vaI@ p ns of
oppdsite polarity.

The parameters time

and {ime to

3.15
designatior
combination bers, the first representing the virtual front time (71) and the second
the yirtualstime to half-value on the tail (79). It is written as 71/T2, both in us, the sign "/"
havingmo-mathematical meaning

ge shape

3.16

steep current impulse

current impulse with a virtual front time of 1 us with limits in the adjustment of equipment such
that the measured values are from 0,9 us to 1,1 pus. The virtual time to half-value on the tail
shall be not longer than 20 us

NOTE The time to half value on the tail is not critical and may have any tolerance during the residual voltage type
tests (see 7.3 of IEC 60099-4).

3.17

lightning current impulse

8/20 current impulse with limits on the adjustment of equipment such that the measured
values are from 7 us to 9 us for the virtual front time and from 18 us to 22 us for the time to
half-value on the tail
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NOTE The time to half-value on the tail is not critical and may have any tolerance during the residual voltage type
tests (see 7.3 of IEC 60099-4).

3.18

long-duration current impulse

rectangular impulse which rises rapidly to maximum value, remains substantially constant for
a specified period and then falls rapidly to zero.

The parameters which define a rectangular impulse are polarity, peak value, virtual duration
of the peak and virtual total duration

3.19

peak (crest) value of an impulse
maximum value of a voltage or current impulse. Superimposed o ations-\may be
disrejgarded (see 7.4.2c) and 7.5.4.2¢) of IEC 60099-4)

3.20
front of an impulse
part pf an impulse which occurs prior to the peak

3.21
tail of an impulse
part pf an impulse which occurs after the peak

3.22

virtual origin of an impulse

poinf on a graph of voltage versus time o us ti determined by the interse€lction
betwgen the time axis at zero voltage (or zero ¢ d the straight line drawn through two
reference points on the front of the imypul sntimpulses, the reference points [shall

be 10 % and 90 % of the geak va

NOTHE 1 This definition appli a y ordinate and abscissa are linear.

NOTH 2 If oscillations arelp Nthe teference points at 10 % and 90 % should be taken ¢n the
mean|curve drawn t : illati .

3.23
virtulal front time

timelin pus equ 25 N ] y’the time in ps for the current to increase from 10 % fo 90
% oflits peak’value

NOTH If gsciltqtions & t on the front, the reference points at 10 % and 90 % should be taken on the[mean
curve|drawr \

3.24
virtual steepness of'the front of an impulse
quotient ofithe peak value and the virtual front time of an impulse

3.25

virtual time to half-value on the tail of an impulse (73)

time interval between the virtual origin and the instant when the voltage or current has
decreased to half its peak value. This time is expressed in ps

3.26
virtual duration of the peak of a rectangular impulse
time during which the amplitude of the impulse is greater than 90 % of its peak value

3.27

virtual total duration of a rectangular impulse

time during which the amplitude of the impulse is greater than 10 % of its peak value. If small
oscillations are present on the front, a mean curve should be drawn in order to determine the
time at which the 10 % value is reached
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peak (crest) value of opposite polarity of an impulse
maximum amplitude of opposite polarity reached by a voltage or current impulse when it
oscillates about zero before attaining a permanent zero value

3.29

discharge current of an arrester

impu

3.30
nom

Ise current which flows through the arrester

nal discharge current of an arrester (7,)

4 (E)

peak|

3.31
high
peak|
of th

3.32
switg
peak

3.33
cont
conti
conti

NOTH
temp¢d
theref]

The c

3.34
refer
peak|
resis|
the

NOTE
currer|

3.35
refer

value of lightning current impulse (see 3.17) which is used to classify an arrester

current impulse of an arrester
value of discharge current having a 4/10 impulse shape which
b arrester on direct lightning strokes

ching current impulse of an arrester
value of discharge current having a virtual front time greate

: N 30 us but less
8 the™v

rfual front time

nuous current of an arrester
nuous current is the current flow 9 he arrester when energized af
nuous operating voltage

ence current o

value (the b

tive component O freqdency current used to determine the reference volta
brrester G rrent shall be high enough to make the effects of

bility

than

the

with
may,

f the
je of
stray

rence

m)geghgibleNs all be specified by the manufacturer

Depend inal discharge current and/or line discharge class of the arrester, the refd
t will be typ )e range of 0,05 mA to 1,0 mA per m? of disc area for single column arresters.
ence voltage of an arrester (Uyef)

peak value of power-frequency voltage divided by V2 which shall be applied to the arrester to
obtain the reference current. The reference voltage of a multi-unit arrester is the sum of the
reference voltages of the individual units

NOTE Measurement of reference voltage is necessary for the selection of a correct test sample in the operating
duty test (see 7.5 of IEC 60099-4).

3.36

residual voltage of an arrester (U,es)

peak value of voltage that appears between the terminals of an arrester during the passage of
discharge current

NOTE

The term "discharge voltage" is used in some countries.
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3.37

power-frequency withstand voltage versus time characteristic of an arrester

voltage which shows the maximum time durations for which corresponding power-frequency
voltages may be applied to arresters without causing damage or thermal instability, under
specified conditions in accordance with 5.10 of IEC 60099-4

3.38

prospective current of a circuit

current which would flow at a given location in a circuit if it were short-circuited at that
location by a link of negligible impedance

3.39
protective characteristics of an arrester
combination of the following:

a) rIsiduaI voltage for steep current impulse according to 7.3.1
b) residual voltage versus discharge current characteristic fox li W ' rding
t¢p 6.3.2 of IEC 60099-4. The lightning impulse protecti \ the

maximum residual voltage for the nominal discharge curre
c) residual voltage for switching impulse according 10

The gwitching impulse protection level of the arreste i t the
specjfied switching impulse currents.

3.40
thermal runaway of an arrester
term|used to describe a situation whe 5 the

the-sustaj
thermal dissipation capability of the\ho g cpnhnections, leading to a cumulative
increfase in the temperatuge okthg resistor elements cylminating in failure

3.41

thermal stabilityof a
an drrester is therp

operating duty causing temperature rise| the

temperature of the pé S\degreases with time when the arrester is energize¢d at
specjfied continugy a{ing\voltage, and at specified ambient conditions

3.42

arrester discq

devige ¢t i an arrester from the system in the event of arrester failurg, to
prevent a persistent the system and to give visible indication of the failed arreste

NOTH Clearing of
devicg.

e fautt current through the arrester during disconnection generally is not a function jof the

3.43
type tests (design tests)
tests which are made upon the completion of the development of a new arrester design to
establish representative performance and to demonstrate compliance with the relevant
standard. Once made, these tests need not be repeated unless the design is changed so as
to modify its performance. In such a case only the relevant tests need be repeated

3.44

routine tests

tests made on each arrester, or on parts and materials, as required, to ensure that the
product meets the design specifications
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3.45

acceptance tests

tests which are made when it has been agreed between the manufacturer and the purchaser
that the arresters or representative samples of an order are to be tested

3.46

housing

external insulating part of an arrester, which provides the necessary creepage distance and
protects the internal parts from the environment

NOTE Housing may consist of several parts providing mechanical strength and protection against the
environment

3.47
shed
insulpting part projecting from the housing, intended to increase the

3.48
polymer housed surge arrester
see 3.60

3.49
fault/indicator

devige intended to provide an indication th
discqnnect the arrester from the syst

aulty and which doeg not

3.50
electrical unit

portipn of an arrester in v
exposed to the external e

ich is

NOTH An electrical unit is|identigal t1Q a "ukit

3.51
mechanical unit
portipn of an arre

; from
moving in an axiakdire

3.52
gas-jns :
gas-insula s or
parallel spark gap

NOTE 1 ,The gas pressure is normally higher than 1 bar = 10°Pa.

NOTH 2\ A surge-arrester used in gas-insulated switchgear.

3.53

arrester — separable type (separable arrester)

arrester assembled in an insulated or screened housing providing system insulation, intended
to be installed in an enclosure for the protection of distribution equipment and systems.
Electrical connection may be made by sliding contact or by bolted devices; however, all
separable arresters are deadbreak arresters

NOTE Separable arrester use is common European practice.

3.54

arrester — deadfront type (deadfront arrester)

arrester assembled in a shielded housing providing system insulation and conductive ground
shield, intended to be installed in an enclosure for the protection of underground and pad
mounted distribution equipment and circuits


https://iecnorm.com/api/?name=93c22454c81e23dfbd90e7a793e4fca4

PAS

NOTE
NOTE

3.55

60099-7 © IEC:2004 (E) -15 -

1 Most deadfront arresters are loadbreak arresters.

2 Deadfront arrester use is common U.S.A. practice.

deadbreak arrester
arrester which can be connected and disconnected from the circuit only when the circuit is de-
energized

3.56

loadbreak arrester
arrester which can be connected and disconnected when the circuit is energized

3.57
arreg
arreq

3.58
fail-q
fault
failun

3.59
fail-g
fault

NOTE

3.60

porcelain housed arrestey

arreg

3.61

poly
arres

NOTH
mater

3.62

bending 2
onta Q n the
moumting base

horiz

of th

ster — liquid-immersed type (liquid-immersed arrester)
ter designed to be immersed in an insulating liquid

bpen current rating for liquid-immersed arrester
current level above which the arrester is claimed
e

mer house e
ter using polyurieri

e force

3.63
term

inaf fine force

upon

ilure

meric

ation

force perpendicular to the longitudinal axis of the arrester measured at the centre line of the arrester

3.64
torsi

onal loading

each horizontal force at the top of a vertical mounted arrester housing which is not applied to
the longitudinal axis of the arrester

3.65

breaking load
force perpendicular to the longitudinal axis of a porcelain housed arrester leading to
mechanical failure of the arrester housing
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3.66

damage limit

lowest value of a force perpendicular to the longitudinal axis of a polymer housed arrester
leading to mechanical failure of the arrester housing

3.67

maximum permissible service load (MPSL)

greatest force perpendicular to the longitudinal axis of a polymer housed arrester, allowed to
be applied during service without causing any mechanical damage to the arrester

3.68

maximum permissible dynamic service load (MPDSL)
greatest force perpendicular to the longitudinal axis of a porcelain housed
be applied during service for short periods (for example, short-circuit eny
stress) without causing any mechanical damage to the arrester

ester, allowgd to
smic

3.69
permissible static service load (PSSL)
forcg perpendicular to the longitudinal axis of a porcelat sCarrester, allowed fo be
continuously applied during service without causing any mechanic am b er

3.70
intennal parts

3.7
seal|(gas/water-tightness)
ability of an arrester to ayoid ingress
behaviour into the arreste

nical

4 iurge protective
ystems —
1:1998+A1:20(

~—

4.1
surge protegtive d
devige that is\intend Q li ansient overvoltages and divert surge currents. It contaips at

least| ong non-li

4.2
one-port SPD
SPD(conhected in shunt with the circuit to be protected. A one-port device may have sepgrate
inpuff and’ output terminals without a specific series impedance between these terminals

4.3

two-port SPD

SPD with two sets of terminals, input and output. A specific series impedance is inserted
between these terminals

4.4

voltage-switching type SPD

SPD that has a high impedance when no surge is present but can have a sudden change in
impedance to a low value in response to a voltage surge. Common examples of components
used as voltage-switching devices are spark gaps, gas tubes, thyristors (silicon-controlled
rectifiers) and triacs. These SPDs are sometimes called "crowbar type"
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4.5

voltage-limiting type SPD

SPD that has a high impedance when no surge is present, but will reduce it continuously with
increased surge current and voltage. Common examples of components used as non-linear
devices are varistors and suppressor diodes. These SPDs are sometimes called "clamping

typeu

4.6

combination type SPD
SPD that incorporates both voltage-switching type components and voltage-limiting type
components may exhibit voltage-switching, voltage-limiting or both voltage-switching and
voltage-limiting behaviour depending upon the characteristics of the applied voltage

4.7

modes of protection

SPD§ protective component may be connected line-to-line or line-toceaxt al or
neutral-to-earth and combinations thereof. These paths are ref d_to ction
4.8

nomjnal discharge current I,

cresf value of the current through the SPD having &'cu : ape)of 8/20. This is [used

for the classification of the SPD for class Il tes
clasq | and |l tests

conditioning of the SPD for

4.9

impylse current I,

currgnt defined by a current peak valde 7§, >anhd\th
test gequence of the ope A . TRi§)is usk

clasq | test

arge Q and tested according tp the
d for the classification of the SPpP for

4.10
maximum disc

crest
to th

rding

4.1
max

maxi AL .M . Vgltage which may be continuously applied to the SPDs modge of
prote iSHIS

4.12
standby power consumption P.
power consumed by the SPD when energized at the maximum continuous operating valtage
(Us) with balanced voltages and phase angles and no load. The SPD is connected in
accordance with the manufacturer's instructions

4.13
follow current I;

current supplied by the electrical power system and flowing through the SPD after a discharge
current impulse. The follow current is significantly different from the continuous operating
current 7

4.14
rated load current I

maximum continuous rated r.m.s. or d.c. current that can be supplied to a load connected to
the protected output of an SPD
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4.15
voltage protection level Uy

parameter that characterizes the performance of the SPD in limiting the voltage across its
terminals, which is selected from a list of preferred values. This value shall be greater than
the highest value of the measured limiting voltages

4.16

measured limiting voltage

maximum magnitude of voltage that is measured across the terminals of the SPD during the
application of impulses of specified waveshape and amplitude

4.17
residual voltage U, ¢

peak| value of voltage that appears between the terminals of an SPD
discharge current

je of

4.18
temporary overvoltage (TOV) characteristic
behaviour of an SPD when subjected to a temporar

duration ¢t

time

NOTH This characteristic can be either withstanding a TOV ics or

functipnality or failing as described in 7.7.6.2 of IEC 61643

4.19
loadiside surge withstand capability fe
abilit
downstream of the SPD

oads

4.20
voltage drop (in per ge

wherf

UN a full
4.21

inser

at a bm is

defin \
insertion before
in decibels

oftages appearing across the mains immediately beyond the po|nt of
after the insertion of the SPD under test. This result is expressed

NOTH Reéquirements and tests are under consideration.

4.22

1,2/50 voltage impulse

voltage impulse with a virtual front time (time to rise from 10 % to 90 % of the peak value)
of 1,2 ys and a time to half-value of 50 s

4.23
8/20 current impulse
current impulse with a virtual front time of 8 ys and a time to half-value of 20 ps

4.24

combination wave

combination wave delivered by a generator that applies a 1,2/50 voltage impulse across an
open circuit and an 8/20 current impulse into a short circuit. The voltage, current amplitude
and waveforms that are delivered to the SPD are determined by the generator and the
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impedance of the SPD to which the surge is applied. The ratio of peak open-circuit voltage to
peak short-circuit current is 2 Q; this is defined as the fictive impedance Z;. The short-circuit

current is symbolized by /.. The open-circuit voltage is symbolized by U,

4.25

thermal runaway

operational condition when the sustained power dissipation of an SPD exceeds the thermal
dissipation capability of the housing and connections, leading to a cumulative increase in the
temperature of the internal elements culminating in failure

4.26
therllnal stability

an §PD is thermally stable if after the operating duty test causing
temperature of the SPD decreases with time when the SPD is
maximum continuous operating voltage and at specified ambient tepperature

| the
cified

4.27
degrjadation
change of original performance parameters as a result <
service or unfavourable environment

e SPD to sprge,

4.28
short-circuit withstand
maximum prospective short-circuit cufent\th

4.29
SPD|disconnector
devige (internal and/or extgtral)

NOTH This disconnecting gdeviceli i isolati ility. 1t i i qult on

There|may be mor q , i i ermal
protedtion function.

4.30

degrees of prot ide ehclosure (IP code)

extent of prot v enclosure against access to hazardous parts, against
ingregss of so ) j and/or against ingress of water (see IEC 60529)

4.31

type(tests

tests|which arem Npon the completion of the development of a new SPD design. The)y are
used| to establish “répresentative performance and to demonstrate compliance with the
releviant \standard. Once made, these tests need not be repeated unless the design is
chanjged’so as to modify its performance. In such a case, only the relevant tests nedd be
repeated

4.32

routine tests

tests made on each SPD or on parts and materials as required to ensure that the product
meets the design specifications

4.33

acceptance tests

tests which are made when it has been agreed between the manufacturer and the purchaser
that the SPD or representative samples of an order are to be tested
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4.34

decoupling network

device intended to prevent surge energy from being propagated to the power network during
energized testing of SPD. Sometimes called a "back filter"

4.35
class | tests
tests carried out with the nominal discharge current I, defined in 4.8, the 1,2/50 voltage

impulse defined in 4.22, and the maximum impulse current /;,, for class | test defined in 4.9

4.36
clasL Il tests
tests| carried out with the nominal discharge current 7, defined in 4.8

defined in 4.22, and the maximum discharge current /., for class Il t

Itage

4.37
class lll tests
tests| carried out with the combination wave (1,2/50, 8/20)

4.38
overcurrent protection

overgurrent device (for example, circuit-breaker
installation located externally upstreany’of the

be part of the electrical

4.39
residual current device (RCD)
mechanical switching device or assoc
contacts when the residd '

f the
cified

condjtions

4.40

sparkover voIt : : '

maximum voltage i e discharge between the electrodes of the gap of
an S

4.41
spedifi
energ
integ

igpulse current I, in a unit resistance of 1 Q. It is equal to the time
e current W/R =rT i2dt

4.42
prospective short-circuit current of a power supply I,

currgnt¥which would flow at a given location in a circuit if it were short-circuited af| that
location by a fink ot negtigible impedance

4.43
follow current interrupting rating I
prospective short-circuit current that an SPD is able to interrupt by itself

4.44
residual current Ipg

current flowing through the PE terminal, when the SPD is energized at the maximum
continuous operating voltage (U;) when connected according to the manufacturer’'s
instructions
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4.45
status indicator
device that indicates the operational status of an SPD

NOTE Such indicators may be local with visual and/or audible alarms and/or may have remote signalling and/or
output contact capability.

4.46

output contact

contact included in a circuit separate from the main circuits and linked to an SPD
disconnector or a status indicator

4.47
temporary overvoltage (TOV) failure behaviour
behaviour of an SPD which is connected between phase/neutral terminatg inals
undgr TOV conditions (earth failure in HV systems affecting the LW syste scribed in
IEC $0364-4-442

NOTH This temporary overvoltage can exceed the temporary overvoltage withstand

4.48
nomjnal a.c. voltage of the system U,
nominal line-to-neutral voltage (r.m.s. value of the a.c.

5 llow-voltage surge protectivede : ted

io telecommunications and si 3 b z nts
nd testing methods (IEC 6164 12

5.1

modgel number

code| either applied tothe dedin i ion, [ [ ify the

SPD

5.2

preferred values

valugs for the pa that
theirfuse promot i N i i i ctive
deviges. Th i i ici and
manuifactyre of ST i icati i i orks.
Howevey i f the

tables

5.3
overstressed fault mode
modpe. 4’ condition wherein the voltage-limiting part of the SPD has been disconnected| The

|t L H'H £ ' H 1 ot L1 L : sl ol
VO AYTETTInmTy TurtiCiuTiT 1o TTU TUTTYTT PTTOTTIL, VUL UTC TITIT TS5 ST UPTTAUTT

mode 2 condition wherein the voltage-limiting part of the SPD has been short-circuited by a
very low impedance within the SPD. The line is inoperable, but the equipment is still protected
by a short circuit

mode 3 situation wherein the SPD has undergone an internal open circuit on the network
side of the voltage-limiting part of the SPD. The line is inoperable but the equipment is still
protected by an open line

5.4

protection

application of methods and means to prevent the propagation of stressful electrical energy
beyond a designed interface
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5.5

current response time

time required for a current-limiting component to operate at a specified current and a
specified temperature

5.6

maximum continuous operating voltage, U,

maximum voltage (d.c. or r.m.s.) which may be continuously applied to SPD terminals without
causing any degradation in the transmission characteristics of the SPD

5.7
maximum interrupting voltage
maximum voltage (d.c. or r.m.s.) that can be applied to the current-limiting components pf an
SPD|without degradation of the SPD. This voltage may be equal to the’t. of the"§PD or| may
be alhigher value depending on the arrangement of the current-limit ithin
the SPD

5.8
surge protective device (SPD)

devige intended to limit transient overvoltages and diye
one non-linear voltage-limiting component

contains at [least

5.9
voltgge limiting
action of the SPD that causes all voltag

5.10
current limiting
action of an SPD, containing
all currents exceeding g

5.11
non-resettable
action of an SPD th

5.12
resettable cdrre
action of a

5.13
self-fresetting \currenty limiting
actiop of an-SPD that’limits current and will self-reset after the disturbing current is removed

5.14
voltage-clamping-type SPD

SPD that has a high shunt impedance when no surge is present, but the impedance reduces
continuously with increasing surge current and voltage. Common examples of components
used as voltage clamping devices are varistors and suppression diodes. These are sometimes
referred to as "limiting-type" SPDs

5.15

voltage-switching type SPD

SPD that has a high shunt impedance when no surge is present, but has a sudden and large
reduction in impedance in response to a voltage surge. Common examples of components
used as voltage-switching devices are air gaps, sealed gas tubes, and thyristors. These are
sometimes referred to as "crowbar-type" SPDs
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5.16

voltage protection level U,

parameter that characterizes the performance of the SPD in limiting the voltage across its
terminals. This value of voltage is greater than the highest measured value of impulse-limiting
voltage and is specified by the manufacturer

5.17

multi-stage SPD

SPD which has more than one voltage-limiting component. These voltage-limiting components
may or may not be electrically separated by a series component. The voltage-limiting
components may be either switching or clamping types

5.18
blind spot

situation where voltages above the maximum continuous operating
incomplete operation of the SPD. Incomplete operation of the SPD R
in a multi-stage SPD have operated during the impulse test. Th
of cdmponents in the SPD

5.19
a.c. fdurability
characteristic of an SPD which allows it to conduct a
and duration for a specified number of times

of a specific magnjtude

5.20
impulse durability
characteristic of an SPD which allows( it to_conduc
and peak value for a specified number of ti

Ise current of a specified wavegform

5.21
current reset time

time [required fom@z

5.22
rated current
maximum current a i 1’SPD can conduct continuously with no change in the
operating chafa isti urrent-limiting components

er to revert to its normal or quiescent state

5.23
insujation :
resistance between designated terminals of an SPD when U, is applied to those terminals

5.24
return\loss
modulus of the reciprocal of the reflection factor, generally expressed in decibels (dB)

NOTE When impedances can be defined, the return loss in dB is given by the formula:
20 log1g MOD [(Z1+Z,)/(Z1-Z5)]

where Z, is the characteristic impedance of the transmission line ahead of the discontinuity, or the impedance of
the source, and Z, is the impedance after the discontinuity or load impedance seen from the junction between the
source and the load [IEV 702-07-25, modified].

5.25
bit error ratio (BER)
ratio of the number of bit errors to the total number of bits transmitted in a given time interval
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5.26

insertion loss

loss resulting from the insertion of an SPD into a transmission system. It is the ratio of the
power delivered to that part of the system following the SPD, before insertion of the SPD, to
the power delivered to that same part after insertion of the SPD. The insertion loss is
generally expressed in decibels

[IEV 726-06-07, modified]

5.27

near-end crosstalk (NEXT)

Crosg ldIK llldl Ib plupdgdleu T d UIbLUIUBU blldllllel T llle UIIELLIUII UppUblle L0 lHe uueuun Of
propfagation of the current in the disturbing channel. The terminal of the disturtbed channel at
which the near-end crosstalk is present is ordinarily near to, or coincides elenergized

terminal of the disturbing channel

5.28
longjtudinal balance (analogue voice frequency circuits)
electrical symmetry of the two wires comprising a pair with re

5.29
longjtudinal balance (data transmission)

meagure of the similarity of impedance to ground
of a|balanced circuit. This term is usg
mode interference

0 or more condugtors

mo, )
ee of susceptibility to conpmon

5.30

longjtudinal balance (communicatiop an 2

ratio| of the disturbing cor i Mm.s. voltage (Vs) to ground and the
resulting differential mode .S &¥m) of the SPD under test, expressged in
dB

NOTH The longitudi
20 |Og10 VS/Vm

wherel Vg and ¥V, are

5.31

long tudlna balan nunications)

ratio| of tb [ mode (longitudinal) voltage Vg and the resulting differgntial
mod¢ (m of the SPD under test, expressed in dB

6 Components for low-voltage surge protective devices — Specification for|gas
Tischarge tubes (GDT) (IEC 61643-311:2001)

6.1

arc current

current that flows after sparkover when the circuit impedance allows a current to flow that
exceeds the glow-to-arc transition current

6.2
arc voltage (arc mode voltage)
voltage drop across the GDT during arc current flow

6.3
arc-to-glow transition current
current required for the GDT to pass from the arc mode into the glow mode
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6.4

current turn-off time

time required for the GDT to restore itself to a non-conducting state following a period of
conduction. This applies only to a condition where the GDT is exposed to a continuous
specified d.c. potential under a specified circuit condition

6.5

d.c. breakdown voltage
voltage at which the GDT transitions from a high-impedance off to a conduction state when a
slowly rising d.c. voltage is applied

6.6

d.c. holdover

in agplications where a d.c. voltage exists on a line, a holdover conditi ch a
GDT]| continues to conduct after it is subjected to an impulse ause
breakdown. Factors that affect the time required to recover from t clude
the d.c. voltage and the d.c. current

6.7

d.c. holdover voltage

maxi
and {
cond

6.8

d.c. sparkover voltage
ge at which the GDT sparks over

volta

6.9
GDT
currg

NOTHE
instan|

6.10
disc
peak]
disch

6.11
disc
variafti

6.12

gas
gap,

6.13

itions

or gaps,
designed to protect apparatus or personnel, or both, from high transient voltages

discharge current

In the eve
ces where th

mum d.c. voltage across the terminals of a GDT nder vhis clear
o return to the high-impedance state after the

ircuit

ue. In

Ko

GDT

in an enclosed discharge medium, other than air at atmospheric pressure,

glow current (glow mode current)
current that flows after breakdown when the circuit impedance limits the follow current to a
value less than the glow-to-arc transition current

6.14

glow-to-arc transition current
current required for the GDT to pass from the glow mode into the arc mode
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6.15
glow voltage (glow-mode voltage)
peak value of voltage drop across the GDT when a glow current is flowing

6.16

impulse sparkover voltage

highest value of voltage attained by an impulse of a designated voltage rate-of-rise and
polarity applied across the terminals of a GDT prior to the flow of the discharge current

6.17

impulse waveform
impuise waveform designated as x/y having a rise time of x us and a decay time to half-yalue
of y ks as standardized in IEC 61180-1

6.18
nomjnal alternating discharge current

for currents with a frequency of 15 Hz to 62 Hz, current whic
for a|defined time

carry

6.19
nomjnal d.c. sparkover voltage
voltage specified by the manufacturer to indicate the target ¥alye o

particular type of GDT products
e@

actically infinite value to a relatively low valpe

6.20
nomjnal impulse discharge current
peak| value of the impulse current with(a d
GDT]is rated

ALy ape with respect to time for which the

6.21
sparkover (breakdow

abrupt transition<>he q

6.22

trangverse voltage

for a|GDT wit he“difference in the discharge voltages between terminal A
and B ( i 643-311) of the gaps assigned to the two conductors df the
circujt during t §ag gcharge current

6.23

trangition time
time Jrequired for theXoltage across a conducting gap to drop into the arc or glow region|after
the dap,initially begins to conduct

7 Components for low-voltage surge protective devices — Specifications for
avalanche breakdown diode (ABD) (IEC 61643-321:2001)

71

avalanche breakdown diode ABD

component intended to limit transient voltages and divert surge currents. This is a two-
terminal diode that may be packaged with multiple elements having a common terminal

7.2

clamping voltage V¢

peak voltage measured across the ABD during the application of a peak impulse current /pp
for a specified waveform
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NOTE Due to the thermal, reactive, or other effects, peak voltage and peak pulse current are not necessarily
coincident in time. Also shown as V.

7.3
rated peak impulse current Ippy

rated maximum value of peak impulse current /pp that may be applied without causing diode
failure

NOTE The impulse waveshape used for diode characterization is 10/1 000 us unless otherwise specified.

7.4

maximum working voltage (maximum d.c. voltage) Vwm
maximum peak working or d.c. voltage which may be continuously applied to the ABD without
degrgdation or damaging effects. For a.c. applied voltages, the maxi orking f.m.s.
voltage is Mwmrms

NOTH Itis also shown as VR (rated maximum) and known as rated stand-off voltags.

7.5
stand-by current Ip

maximum current that flows through the ABD at maximd i oltage for a spetified
temperature

NOTE Also shown as Iy for reverse leakage current.

7.6
breakdown (avalanche) voltage Vgr

voltafe measured across the ABD at a—=
char

sed d.C. current It (or Igr) on thg V-1

anche occurs

14

7.7
capt:itance Cj
capaitance between t , \ BD measured at a specific frequency and biag

NOTH Also shown

7.8
rated peak im
peak| pulse gower dissi ng from the product of rated peak impulse current|/ppm
and ¢lampi

Pppm = Ippm x Ve

NOTH Also'shown as Pp.

7.9
rated forward surge current Iggy

maximum peak current for an 8,3 ms or 10 ms half-sine wave without causing device failure
(applies to unidirectional ABDs only)

7.10
forward voltage Vgg

peak voltage measured across the ABD for a specified forward surge current Igg (applies to
unidirectional ABDs only)

NOTE Also shown as V.

7.11
temperature coefficient of breakdown voltage aVggr
ratio of the change in breakdown voltage Vgr to changes in temperature
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Expressed as either mV/K or %/K.

temperature derating
derating above a specified base temperature for either peak impulse current or peak impulse
power

NOTE

7.13

Expressed in percentage of the current or power.

thermal resistance Rinhya, Rthic, RihJL

junct
expre

7.14

trang
chan
spec
chan
same

NOTEH

7.15

rated average power dissipation P

rateg
and {

7.16
peak

exce
wheri

NOTE

717
test
factu

NOTE

7.18
peak
peak|

on to ambient, Case O lead ermindl temperature rise per unit mput ol apphled
pssed as K/IW

sient thermal impedance Zinja, Zihdcs ZthJL

fic reference point or region (ambient, case or lead) at f
ge is divided by the step function change in power dissi

average power dissipation in the
emperature without causing device

5s voltage above

current waves ofl
This value m Gy

the breakdown voltage Vgr. This is defined by the m
A with a pulse duration of less than 40 ms

impulse current Ipp
impulse current value applied across the ABD to determine the clamping voltage }

asp

iad araas bhan
CTIITC U WaveSTTapT

8 Components for low-voltage surge protective devices — Specification for
metal oxide varistors (MOV) (IEC 61643-331:2001)

8.1

single-pulse peak current Ity
rated maximum value which may be applied for a single impulse of specified waveform,
without causing MOV failure.

NOTE
applie

ower

of a

[ This

f the

rrent

cCcurs

ave.

anu-

c for

Unless otherwise specified, 8/20 ys waveshape is used. In some cases the rated line voltage may also be

d.
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8.2

multiple-pulse peak current I1gy

rated maximum value which may be applied for repetitive applications of an impulse of
specified waveform, without causing MOV failure.

NOTE Unless otherwise specified, 8/20 ys waveform is used.

8.3

multiple-pulse peak current derating for against pulse width

graphical representation of rated multiple-pulse peak current against rectangular pulse width
for different numbers of impulses

NOT Typically, curves are provided for indefinite, 107, 10, 10", 107, T0"and 10 pulses fogether with a 3ingle-
pulse [curve.

8.4
temperature derating curve
graphical representation of parameter derating against temperature?

NOTH  Typical parameters are rated voltage, impulse current, energy and dyerag

8.5
sing|e-pulse maximum energy Wy
rated maximum value which may be absorbed for a si ified waveform

NOTH Unless otherwise specified, 2 ms rectangular pulség

8.6
maximum continuous voltage Vy
voltage that may be applied continuou

8.7

max
r.m.s
conti

plied

8.8
max
d.c.

8.10
stanfdbycurrent Ip
impuls€ current of defined amplitude and waveshape

NOTE 1 lItis also called a leakage current.

NOTE 2 This is the specified peak pulse current when measuring the MOV clamping voltage, V.

8.11
nominal varistor voltage Vy
voltage across the MOV measured at a specified pulsed current (Iy) of specific duration

NOTE The MOV manufacturer specifies the current. Otherwise, 1 mA is normally used. The pulse duration
should be less than 40 ms, unless otherwise specified. In general, nominal value +10 % is specified by the
manufacturer.

8.12

clamping voltage V¢

peak voltage across the MOV measured under conditions of a specified peak pulse current
(ZIp) and specified waveform.
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capacitance Cy

capa

8.14

citance across the MOV measured at a specified frequency and voltage

equivalent series inductance Ly
effective inductance measured across the MOV terminals at a given frequency

8.15

pulse current I

rect

4 (E)

hape

cified
cles

may

circuit

9

9.1

repetitive peak off-state voltage, Vprnm

rated maximum (peak) instantaneous voltage that may b he of{-state conditions

inclugding all d.c. and repetitive voltage components

9.2

repetitive peak on-state current, I1g,

rated maximum (peak) value of a.c. pk ¢ Irfent of specified waves

and {requency which may be applied continusu

9.3

non-repetitive peak on-st4

rated maximum (peak) v .C. cy on-state surge current of spe

wavgshape and freque 1 i Jr a specified time or number of a.c. cy

9.4

non-+

rated rrent of specified amplitude and waveshape that

be a

NOTH gre used for this rating. The merits of these symbols are as follows.

Topsm correst as it is the maximum or peak (M) non-repetitive (S) value of Ipp.

Itsm | For shert-durgtiol impulsées this is not technically correct as the maximum (M) value of non-repetiti
current maynot ocour when the device is in the on-state (T) condition.

Ippy | The usejof this bol for a non-repetitive value is discouraged. This symbol is the rated maximu
repétitive value of Ipp.

Ipp The” use of this symbol for a rated value is discouraged. The term peak impulse current is a
parameter and is defined as the peak current for a series of essentially identical pulses.

9.5

repetitive peak reverse voltage, Vgru
rated maximum (peak) instantaneous voltage that may be applied in the reverse blocking

direc

tion including all d.c. and repetitive voltage components
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9.6
non-repetitive peak forward current, Irg),

rated maximum (peak) value of a.c. power-frequency forward surge current of specified
waveshape and frequency which may be applied for a specified time or number of a.c. cycles
9.7

repetitive peak forward current, Irgy

rated maximum (peak) value of a.c. power-frequency forward current of specified waveshape
and frequency which may be applied continuously

9.8
criticatrate of riseof on=state current, difdr, (di7fdr)cr
rated value of the rate of rise of current which the device can withstand wi damage

9.9
off-state voltage, Vp

d.c. yoltage when the device is in the off-state

9.10
off-state current, I

d.c. yalue of current that results from the application

9.11
repetitive peak off-state current, IpR),

maximum (peak) value of off-state curren z m—the application of the repstitive
peak| off-state voltage, Vprym

9.12

breakover voltage, Vi

maximum voltage acrgss iceli breakdown region measured under spegified
voltage rate of r isb

NOTE Where a breakdox pe istle has\several Vgo) values that need to be referenced, a numeric suffix can

be adfled and the releya current range specified, for example

/oy 0 < Iggy < 10 mA
9.13
holdjng
minimnum ax or thyristor current that maintains the thyristor in the on-state
9.14

off-state( capacitance, C,, C,

diffefential capacitance at the specified terminals in the off-state measured at spegified
frequency famplitude 74 and d.c. bias V'

9.15
repetitive peak reverse current, Iggn

maximum (peak) value of reverse current that results from the application of the repetitive
peak reverse voltage, Vgrrym

9.16

peak forward recovery voltage, Vigpy

maximum value of forward conduction voltage across the device upon the application of a
specified voltage rate of rise and current rate of rise following a zero or specified reverse-
voltage condition
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9.17
critical rate of rise of off-state voltage, dv/d¢, (dvp/df)cr

maximum rate of rise of voltage (below Vprp) that does not cause switching from the off state
to the on state

9.18
breakdown voltage, Vgg,

voltage across the device in the breakdown region (prior to the switching point) at a specified
breakdown current, I(BR)

NOTEForpositive breakdowT Stope WeViTES; 7 (5R) Ay U8 USEU @S Al aiteTmative to 7 ory.

9.19
breakdown current, I gg,

currgnt through the device in the breakdown region

9.20
breakover current, I g,

instaptaneous current flowing at the breakover voltage, Vg

9.21
switching voltage, Vg
instantaneous voltage across the deyice
switghing into the on state

breakdown region prior to

9.22
switching current, Ig

instantaneous current flow

9.23
on-sfate voItag@
volta hed

ge across t

9.24
on-sftate cur

currgnt t

9.25
forwpard voltage;

voltage acress the device in the forward conducting state at a specified current, I

9.26
forward current, I

current through the device in the forward conducting state
9.27

switching resistance, Rg
derived equivalent slope resistance of the breakdown region, Rg, computed by

(Vo) = Vs) I Us — (o)) (1)
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9.28 insulation resistance
derived equivalent insulation resistance of the device, computed by

Vol I (2)

9.29
temperature coefficient of breakdown voltage, aV(gg), dV(gr)/d7,

ratio of the change in breakdown voltage, V(BR): to changes in temperature

NOTE Expressed as either mV/K or %/K with reference to the 25 °C value of breakdown voltage. Alternatives to
mV/K aad-%iK—are—m\LCand—%L2C-

9.30
varigtion of holding current with temperature
change in holding current, I, with changes in temperature and showy

9.31
temperature derating

derating with temperature above a specified base tempe
suchf{as may be applied to peak pulse current

as a percentage,

9.32

thermal resistance, Ry, ., Rihycs Rinya(RouLs

effegtive temperature rise per unit ipati € i e the
templerature of a stated external reference point (les > ns of

thermal equilibrium

NOTH Thermal resistance is usuy,

9.33
transient thermal im pedan y Z hJA(t) (ZOJL(t)’ ZOJC(t)’ ZeJA(t))
change in the dif junction temperature and the temperature| of a
specjfied refere
divided by the ste i power dissipation at the beginning of the same(time
interyal which cau elmperature difference

NOTH 1 Y ally expréssed as K/W with °C/W as an alternative.

NOTH 2 i i f the junction under conditions of change and is generally given in thé form
of a clirve asa f

9.34
(virtyal) juncti

theoretical_tempe e representing the temperature of the junction(s) calculated on the
basig of a simplified model of the thermal and electrical behaviour of the device

NOTH The term “virtual-junction temperature” is particularly applicable to multi-junction semiconductors And is
used to denote the temperature of the active semiconductor element when required in specifications and test
methods. The term “junction temperature”, 7y, is used interchangeably with the term “virtual junction temperature”,
Tvy, in this standard.

9.35
maximum junction temperature, 7,y

maximum value of permissible junction temperature, due to self-heating, which a TSS can
withstand without degradation

9.36
storage temperature range, T min. to T, max.

temperature range over which the device can be stored without any voltage applied

NOTE Preferred temperature ranges (selected from IEC 60747-1, Chapter VI, Clause 5 and IEC 60749, Chapter
I, 1.2) are
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0°Cto125°C
-55 °C to 125 °C
—65 °C to 150 °C

9.37
gate trigger current, I

lowest gate current required to switch a device from the off state to the on state

9.38
gate trigger voltage, Vg

gate voltaae reauired to nroduce the aate triaaer current 1
g o 134 I I S

9.39
gateto-adjacent terminal peak off-state voltage
maximum gate-to-cathode voltage for a P-gate device or gate-to-ax
devige that may be applied in such a way that a specified off-state &

state{ voltage, Vp, is not exceeded

-gate
j off-

9.40
peak off-state gate current, Igpy

maximum gate current that results from the applic
Voo

off-state gate volfage,

9.41
gate(reverse current, adjacent termi

currgnt through the gate terminal when a ifie d the
cathgde terminal for a P-g ice~ar a armina ted

9.42
gate|reverse curye

currgnt through

cathgde terminal for
to the third terminal

Specified gate bias voltage, Vg, is applied angdl the
anode terminal for an N-gate device is short-circuited

NOTH This defiiitiqn only |applie devices with integrated series gate blocking diodes.

9.43

gate|reverse &

currgnt thro ‘ ate’terminal when a specified gate bias voltage, Vg, is applied gnd a

specjfied on:statecurrent, I+, is flowing

NOTH This-definition only applies to devices with integrated series gate blocking diodes.

9.44
gate reverse current, forward conducting state, Igar, IgkF

current through the gate terminal when a specified gate bias voltage, Vg, is applied and a
specified forward conduction current, I, is flowing

NOTE This definition only applies to conducting unidirectional devices with integrated series gate blocking diodes.

9.45
gate switching charge, Qgg

charge through the gate terminal, under impulse conditions, during the transition from the off
state to the switching point, when a specified gate bias voltage, Vg, is applied
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9.46
peak gate switching current, Iggy

maximum value of current through the gate terminal during the transition from the off state to
the switching point, when a specified gate bias voltage, Vg, is applied

9.47
gate-to-adjacent terminal breakover voltage, Vg o), Vca(BO)

gate-to-cathode voltage for a P-type device or gate to anode voltage for an N-gate device at
the breakover point

NOTE__This is equivalent to the voltage difference between the breakover voltage, Vg, and the specified gate
voltade, Vg .

9.48
asymmetrical bidirectional TSS
thyristor having substantially different switching behaviour in the fi 3 & ts of

the pgrincipal voltage-current characteristic

9.49
bidinectional TSS

thyristor having switching behaviour in the first and
currgnt characteristic

age-

9.50
forwprd-blocking TSS
TSS [that switches only for negative mai
state| for positive main terminal-2 voltag

a thode) voltage and exhibits a blogking

9.51
forwprd-conducting
TSS|that switches on

currgnts at posit@

9.52
negdtive breakdgd
TSS ) the stati aracteristic of which has a net negative resistance slope prfor to
switghing

erminal-2 (cathode) voltage and conducts |arge
omparable in magnitude to the on-state voltage

9.53
N-gate thyr
gated thyristor sh the gate terminal is connected to the N-region adjacent to the P-
regign to_which thevanode is connected and that is normally switched to the on state by
applying ‘anegative signal between the gate and anode terminals

9.54

P-gate thyristor

gated thyristor in which the gate terminal is connected to the P-region adjacent to the N-
region to which the cathode is connected and that is normally switched to the on state by
applying a positive signal between the gate and cathode terminals

9.55

positive-breakdown-resistance TSS

TSS the static breakdown characteristic ofo which has a net positive-resistance slope prior to
switching

9.56
reverse-blocking TSS
TSS that exhibits a blocking state for positive cathode voltage
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reverse-conducting TSS

TSS

9.58

that exhibits a conducting state for positive cathode voltage

symmetrical bidirectional TSS
thyristor having substantially the same switching behaviour in the first and third quadrants of
the principal voltage-current characteristic

9.59

thyristor

bista

the

quad

9.60

unid

TSS

characteristic

9.61

anode
elect]

gate

[IEC

NOTH This term does not apply to bidirectiong

9.62

cath
elect]

open-circuit
NOTH This term do ot/app

gate

9.63

gate
elect]

9.64

main
the t

4 (E)

ble semiconductor device comprising three or more junctions that can be switched
pff state to the on state or vice versa, such switching occurring i at least
rant of the principal voltage-current characteristic

rectional TSS

rode by which current enters the thyristor,
open-circuited

60747-6]

pde

rode by which cu en the thyristor is in the on state wit

NOTH The main terminals may be named by application usage, for example, in telecommunications, ter
may ble pfamed after line connections: R (ring), T (tip) and G (ground) or A, B and C (common)

9.65

from
one

rrent

h the

h the

minals

main terminal 1
main terminal that is named 1 by the device manufacturer

9.66

main terminal 2
main terminal that is named 2 by the device manufacturer

9.67

(electrical) terminal
externally available point of connection
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9.68

blocking

term describing the state of a semiconductor device or junction that imposes high resistance
to the passage of current

9.69

breakdown

phenomena occurring in a reverse biased semiconductor junction, the initiation of which is
observed as a transition from a region of high dynamic resistance to a region of substantially
lower dynamic resistance for increasing magnitude of reverse current

9.70
breakdown region
portipn of the characteristic that starts with the transition from the high dy i e off
state] to a substantially lower dynamic resistance and extending to thg i Y

9.7
breakover point

any point in the breakdown region voltage-current charactesi h the differential
resistance is zero and where the principal voltage reach i 1

[IEC|60747-6, definition 2.16, modified]

NOTH If more than one breakover point exists in the bre
charagterized.

lue is

9.72
charpcteristic
inhelent and measurable property of a\devi

NOTH
expre
usuall

an be
alues,

9.73

clipg
form ined

thredhold value axe re : eous

[IEV

NOTH
proce

as "a
lue".

9.74
Crow
form stigrat-becemes—greater—dan a
predetermined threshold value a low impedance shunt is activated. When active, the shunt, in
conjunction with the signal source impedance, reduces the signal amplitude

9.75

forward/reverse blocking quadrant

quadrant of the principal voltage-current characteristic in which the device exhibits a reverse
blocking state

[IEC 60747-6, modified]

NOTE This will be the first quadrant for a forward blocking TSS and the third quadrant for a reverse blocking TSS.
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9.76

forward/reverse conducting quadrant

quadrant of the principal voltage-current characteristic in which the device exhibits a forward
direction conduction state

[IEC 60747-6, modified]

NOTE This will be the first quadrant for a forward conducting TSS and the third quadrant for a reverse conducting
TSS.

9.77

forward direction
a) direction of current in a P-N junction that results when the P-type semiconductor region is
al a positive poiential relative to the N-Type region

semiconductor
type region

b) djrection of current in a semiconductor device that results when the P
region connected to one terminal is at a positive potential relatiye
cpnnected to the other terminal

NOTH This definition does not apply if one or more junctions are connected i one| other

junctign whose P and N regions are reversed.

9.78
maximum rating (absolute maximum rating)
rating that establishes either a limiting capability or a H
to the device may occur

beyanhd which damage

NOTH A limiting condition may be either a maximum or a

9.79
negdtive differential-resistance (regio
regign of the principal voltage-curre the switching quadrant wherg the
diffefential resistance is negative and \the ples between the breakdown and on-
state| regions

[IEC|60747-6, modified]

9.80

non-repetitive :@
maximum rating t y i ye device for a minimum of 100 times over the ljfe of
the device without fé

NOTH During the ra Yevice is permitted to exceed its maximum rated junction temperatyre for
short periods ofAinte ice et required to block voltage or retain any gate control during or immedliately
followjng this rated corditioR € device has returned to the original equilibrium conditions. This|rated
condifion vice has returned to the original thermal equilibrium conditions.

9.81
off state (regiox
statel of the\FSS in.d quadrant in which switching can occur, that corresponds to the|high
dynamic4{resistance portion of the characteristic between the origin and the beginning df the
breakdewn region

[IEC 6074 7=6;mudifred]

9.82

on state (region)

condition of the TSS corresponding to the low-resistance low-voltage portion of the principal
voltage-current characteristic in the switching quadrant(s)

9.83
parameter
device descriptor that is measurable or quantifiable, such as a characteristic or rating

9.84
principal current
generic term for the current through the device excluding any gate current
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NOTE It is the current through both main terminals.

9.85
principal voltage
voltage between the main terminals

NOTE 1 In the case of reverse blocking and reverse conducting thyristors, the principal voltage is called positive
when the anode potential is higher than the cathode potential and negative when the anode potential is lower than
the cathode potential.

NOTE 2 For bidirectional thyristors, the principal voltage is called positive when the potential of main terminal 2 is
higher than the potential of main terminal 1.

NOTE 3 For forward- conductlng thyrlstors the pr|n0|pal voltage is called posmve when the cathode potentlal is

h|ghe lllall LIIC dllUUv }JUlCIIlIdI anu IIUydlIVC VVIIGII LIIU bdllluuv [JUlUIIlIdI Ib IUVVUI llldll lllc dIIUUU })UlUIIlIdI

9.86

prin¢ipal voltage-current characteristic (principal characteristic)

function, usually represented graphically, relating the principal voltagé cufrent
9.87

quadrant

when the principal voltage-current characteristic is expre and
currgnt, i, axes create four areas called quadrants. Linter
cloclwise as first, second, third and forth quadran first

quadrant, +v and +i, and the third quadrant, —v and

9.88

rating
nomi}val value of any electrical, therma onmental quantity assigned to

define the operating conditions undef which a nent, machine, apparatus, elecffronic

devige, etc., is expected to g

NOTH 'Rating'is a generic term i 3,2.3.11 of IEC 61643-341).

9.89

repetitive ratin

maximum rating plied to the thyristor

9.90

revefse directijon

a) djrection ant N junction that results when the N-type semiconductor region is
at a posi i

b) djrection of\gurreRt in aysemiconductor device that results when the N-type semiconductor

NOTH Thjs definition may not apply if one or more junctions are connected in series with at least one| other
junctipn whese P and N regions are reversed.

9.91
switching point

point in the principal voltage-current characteristic at which the thyristor regenerates and
initiates switching into the on-state

NOTE This point occurs at the termination of the breakdown region and the start of the negative differential-
resistance region

9.92

switching quadrant

quadrant of the principal voltage-current characteristic in which the device is intended to
switch between the off-state and the on-state

NOTE For a bidirectional thyristor, the switching quadrants are the first quadrant and the third quadrant. For a
reverse blocking or reverse conducting thyristor, the switching quadrant is the first quadrant. For a forward
conducting or reverse conducting thyristor, the switching quadrant is the third quadrant.
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10 Low-voltage surge protective devices — Surge protective devices connected
to low-voltage power distribution systems — Selection and application prin-
ciples (IEC 61643-12:2002)

10.1

surge protective device (SPD)

device that is intended to limit transient overvoltages and divert surge currents. It contains at
least one non-linear component

[IEC 61643-1, definition 3.1]

10.2
contjnuous operating current (1)

currgnt flowing through each mode of protection of the SPD when
continuous operating voltage (U.) for each mode

a aximum

[IEC|61643-1, definition 3.12]

10.3
maximum continuous operating voltage (U.)

maximum r.m.s. or d.c. voltage which may be co
protgction. This is equal to the rated voltage

the SPD's modle of

[IEC|61643-1, definition 3.11]

10.4

voltage protection level (U,)

parameter that characterize ¢ s its
terminals, which is selecte S i preferfed values. This value is greater thanp the

highest value of the measured i

[IEC|61643-1, d@o

10.5
measured limitin
maximum magni ge that is measured across the terminals of the SPD during the
application o . ed waveshape and amplitude

[IEC |6164

10.6
residual voitage (Ures)
peak| value of voltage that appears between the terminals of an SPD due to the passage of
discharge current

[IEC 61643-1, definition 3.17]

10.7

temporary overvoltage (Ur)

maximum r.m.s. value or d.c. overvoltage that the protective device can withstand and that
exceeds the maximum continuous operating voltage (U.) for a specified time duration

NOTE 1 Adapted from 3.18 of IEC 61643-1 by adding the following note.

NOTE 2 Uy is a voltage declared by the manufacturer at which the SPD has a defined characteristic for a given

specific duration (this means either no change in the performance after application of the temporary overvoltage or
the failure should be such that there is no hazard for either personnel, equipment or facility).
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10.8
temporary overvoltage of the network (Utgy)

power-frequency overvoltage occurring on the network at a given location, of relatively long
duration. TOVs may be caused by faults inside the LV system (Uroy,Ly) or inside the HV system

(Utov,Hv)

NOTE Temporary overvoltages, typically lasting up to several seconds, usually originate from switching
operations or faults (for example, sudden load rejection, single-phase faults, etc.) and/or from non-linearity (ferro-

resonance effects, harmonics, etc.)

10.9

H nrrant [ )
nominal-disehargeeurrent{in}

cresf value of the current through the SPD having a current waveshape g 0. This.istlused

for the classification of the SPD for class Il test and also for precond
for class | and Il tests

[IEC|61643-1, definition 3.8]

10.10
impylse current (Iimp)

currgnt peak value (/peak) and the charge (Q) tested a
operating duty test. This is used for the classificatio

[IEC|61643-1, definition 3.9, modified]

10.1
combination wave
delivered by a generator that applies &

of ‘the |SPD

sequence df the

pulse across an open circuit and an

8/20(|current impulse into a~short circuit. ; ctrrent amplitude and waveformg that
are delivered to the SPD<are ned . erator and the impedance of the SRD to
which the surge is applied. rati ircuit voltage to peak short-circuit cyrrent

is 2 , this is defined
(Isc)| The open-c'@t
[IEC|61643-1, definiti
10.1]

8/20
currg

gnt time of 8 us and a time to half-value of 20 us

[IEC

10.1]
1,2/90 voltage impulse

. The short-circuit current is symbolized by

voltagedmpulse with a virtual front time (time to rise from 10 % to 90 % of the peak valye) of

1,2 ysand=a time to hatf-vatue of 501s

[IEC 61643-1, definition 3.22]

10.14
thermal runaway

operational condition when the sustained power dissipation of an SPD exceeds the thermal
dissipation capability of the housing and connections, leading to a cumulative increase in the

temperature of the internal elements culminating in failure

[IEC 61643-1, definition 3.25]
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10.15
thermal stability
an SPD is thermally stable if after the operating duty test causing temperature rise

4 (E)

, the

temperature of the SPD decreases with time when the SPD is energized at specified

maximum continuous operating voltage and at specified ambient temperature conditions

[IEC 61643-1, definition 3.26]

10.16
SPD disconnector
device for disconnecting an SPD from the system in the event of SPD failure. It is to prev

ent a

persi DTaiture

NOTH 1 Adapted from 3.29 of IEC 61643-1 by adding the following note.

NOTH 2 At least three functions are needed for SPD disconnectors: protection agaj
thermpl runaway on varistors, etc.), protection against internal short circuits and protestio
Thesd functions may be achieved by one or more disconnector(s). Each disconnector
the SPD or external to it. They may be used in the SPD circuit or in line with th

ch as
ntact.
d into

10.17

type(tests

tests| which are made upon the completion of the dev design. The)y are
used| to establish representative performance and te Y ompliance with the
relevant standard. Once made, these tests n unless the design is

changed so as to modify its performar he relevant tests neg

repeated

[IEC|61643-1, definition 3.31]

10.1?

routine tests
tests| made on each SRD ©
meets the design specificati

61643-1, do

[IEC

10.1
acc
tests
that

[IEC

d be

als as required to ensure that the product

aser

ainst

extent<ef, protection provided by an enclosure against access to hazardous parts, ag
ingre . . . : . 3

[IEC 61643-1, definition 3.30]

10.21
voltage drop (in per cent)

AU = [(Uin = Uout) ! Uin 1 x 100 %

where Uj, is the input voltage and Uyt is the output voltage measured simultaneously with a

full rated resistive load connected. This parameter is only used for two-port SPDs

[IEC 61643-1, definition 3.20]
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10.22

insertion loss

at a given frequency, the insertion loss of an SPD connected into a given power system is
defined as the ratio of voltages appearing across the mains immediately beyond the point of
insertion before and after the insertion of the SPD under test. This result is expressed in
decibels (dB)

NOTE Requirements and tests are under consideration.

[IEC 61643-1, definition 3.21]

10.23
loadtside surge withstand capability for a two-port SPD
ability of a two-port SPD to withstand surges on the output terminals vatedwin loads

downstream of the SPD

[IEC|61643-1, definition 3.19]

10.24
short-circuit withstand
maximum prospective short-circuit current that the SPD i

NOTH 1 Adapted from 3.28 of IEC 61643-1 by adding the folloywing (note.

NOTH 2 This definition refers both to d.c. and ,a.c. 50/60(Hz\ Rw ircui efined
for twp-port SPDs or one-port SPDs having s i 3 b ; ternal
short fircuit (by-passing the internal active pa rectly
at the| output terminals (case of a failure at theNpad): hly for
interngl short circuits. An external short-circuit test3

10.25
one-port SPD

SPD|connected in shunt
input

arate

NOTE

NOTH 3-N shows some typical one-port SPDs and the generic drawing for a one-poft SPD
(Figure 1c of IEC 61643:12). e with
the pqwer supply (Figure\1b.of IE PD. In
the sgcond case, the Yoad\cu 15 hd the
assocjated maxj isgi pf IEC
61643-12 show \he resp 5 wave
generptor.

10.26
two-port SPD
SPD| with two”sets\of terminals, input and output. A specific series impedance is insgerted
between(these terminals

NOTE T Adapted from 3.3 of [EC 61643-T by adding the following note.

NOTE 2 The measured limiting voltage may be higher at the input terminals than at the output terminals.
Therefore, equipment to be protected is to be connected to the output terminals. Figure 2 of IEC 61643-12 shows
typical two-port SPDs. Figures 3e and 3f of IEC 61643-12 show the response of a two-port SPD to an 8/20 impulse
applied via a combination wave generator.

10.27

voltage-switching type SPD

SPD that has a high impedance when no surge is present but can have a sudden change in
impedance to a low value in response to a voltage surge. Common examples of components
used as voltage-switching devices are spark-gaps, gas discharge tubes (GDT), thyristors
(silicon-controlled rectifiers) and triacs. These SPDs are sometimes called "crowbar type"

NOTE 1 Adapted from 3.4 of IEC 61643-1 by adding the following note.
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NOTE 2 A voltage-switching device has a discontinuous U versus [ characteristic. Figure 3c of IEC 61643-12
shows the response of a typical voltage switching SPD to an impulse applied via a combination wave generator.

10.28

voltage-limiting type SPD

SPD that has a high impedance when no surge is present but will reduce it continuously with
increased surge current and voltage. Common examples of components used as non-linear
devices are: varistors and suppressor diodes. These SPDs are sometimes called "clamping

typell

NOTE 1 Adapted from 3.5 of IEC 61643-1 by adding the following note.
NOTE2—A \lnlfagn |imifing device has g continuous I/ versus I characteristic ':iglll’l:\ 3b of IEC 61643-12 shows
the repponse of a typical voltage-limiting SPD to an impulse applied via a combination wave generator.

10.29

combination type SPD

SPD]| that incorporates both voltage-switching type components{ang imi type
components may exhibit voltage-switching, voltage-limiting, oxboth ¥o - and

voltage-limiting behaviour depending upon the characteristics of the e

NOTH 1 Adapted from 3.6 of IEC 61643-1 by adding the following note:

NOTH 2 Figures 3d and 3e of IEC 61643-12 show the respongé€ of varipu 5 to a
combination wave impulse.

10.3t

modes of protection
SPD|protective components may be cor al or
neutral to earth and combination thereof : are referred to as modes of protection

[IEC|61643-1, definition 3.7

10.3

follow current (I5)

currgnt supplied bt and flowing through the SPD after a discharge

currgnt impulse@ ignificantly different from the continuous operating
nt (/c)

currg

[IEC

10.3]
max

crest
to th

rding

[IEC|[61643~1, definition 3.10]

10.33
degradation

change of original performance parameters as a result of exposure of the SPD to surge,
service or unfavourable environment

NOTE 1 Adapted from 3.27 of IEC 61643-1 by adding the following note.

NOTE 2 Degradation is a measure of the ability of an SPD to withstand the conditions for which it is designed
throughout its service life. Two type tests are applied to provide confidence with respect to degradation. The first
one is the operating duty test and the second is the ageing test. However, these two tests may be combined.

The operating duty test is conducted by applying a specified number of defined current waveshapes to the SPD.
Permitted changes in the SPD characteristics are given in IEC 61643-1.

The ageing test is carried out at a specified temperature with a voltage of specified magnitude and duration applied
to the SPD. Permitted changes in the SPD characteristics are given in this standard (this test is under
consideration).

This can be used to determine the SPD prospective installed life which should also consider the following:
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