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Tais BRITIsH STANDARD, having been approved by the |
Electrical Industry Standards Committee, was published -

under the authority of the Execuuve Board on 28 July,
1972,

© British Standards Institution, 1972.
ISBN: 0 580 07444 7
First published, November 1957.

The Institution desires to call attention to the fact that this
British Standard does not purport to include all the nec&ssary
provisions of a contract.

In order to keep abreast of progress in the industries
concerned, Pritish Standards are subject to periodical review.
Suggestions for improvements will be recorded and in due
course brought of the notice of the committees charged with
the revision of the standards to which they refer.

A complcte list of British Standards, numbering over 5000
fully indexed and with a note of the contents of each, will be

found in the British Standards Yearbook, which may be
purchased from BSI Sales Department. It may also be

consulted in many public libraries and similar institutions

This standard makes reference to the following Bnt:sh'

Standards:

BS 77.  Voltages for ac. transmission and distribution
© systems,
BS 923. Guide on high-voliage testing techmques
BS 4727, Glossary of electrotechnical, power, telecommuni-
cation, clectronics, lighting and colour terms.

British Standards are revised, when necessary, by the issue either
of amendment slips or of revised editions. It is important that
users of British Standards should ascertain that they are in
possession of the latest amendments or editions.

The. "ollowmg BSI references relate to the work on this standard:
Comrnmee referefite ELE/65 ~ Dralt for comment 68/19820

Printed tn England by WELBECION PRESS LIMITED, Londor, 8. W.11. (2.5k)
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“ BRITISH STANDARD SPECIFICATION FOR
SURGE DIVERTERS FOR ALTERNATING
CURRENT POWER CIRCUITS
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FOREWORD

This revision of BS 2914 : 1957 has been prepared under the authority of the
Electrical Industry Standards Committee. It is almost identical with Publication
99-1 (1970), * Recommendations for lightning atresters’, Part 1, * Non-linear
resistor-type arresters for aliernating current systems , which is published by
the International Electrotechnical Commission.

Surge diverters having rated voltages less than 1000 V are now covered by
the specification and the standard rated voltages above 1000 V have been brought
“into line with the IEC Recommendation. Standard surge diverters arc now
suitable for ambient temperatures down to —40 °C and altitudes up to 1000m.,

Additional type tests specified in this edition are a switching i 1m; 4lse spark-
over test and (where appropnate) a pressure relief test. There is also a type test
for disconnectors.

Sample tests have been replaced by acceptance tests made only when specified

* by the purchaser. These consist of a dry power-frequency spa.rkovcr test, an
impulse sparkover test and (when rpecifically agreed) a residual voltage test,
The only routine test to be made, except by special agrcement is now the dry
power-frequency sparkover test.
', Guidance on the appltwtmn of the surge diverters covered by the specification
is given in Appendix C. This is practically identical with IEC Publication 99-1A
~ (1965), * Application guide for non linear resistor-type hghtmng arresters for

alternating current systems ’.

Proposals for artificial poliution test methods are given in Append:x D, for
tnal use pending standardization of values.
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SPECIFICATION

1. GENERAL
1.1 SCOPE

This British Standard applies to surge protective devices de51gned for repeated
operation to limit voltage surges on alternating current power circuits and to
interrupt power follow current, In particular, it applies to surge diverters
(lightning arresters) consisting of single or multiple spark gaps in series with one
or more non-linear resistors.

+
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1.2 NORMAL SERVICE CONDITIONS

Uﬁless.qthcnvise specified, the surge diverter shall be suitable for operation
under the following normal service conditions: :

(1); Ambient temperature within the range of — 40°C to + 40°C.

(2) - Altitude not exceeding 1000 m. E

(3) Frequency of the alternating current power supply not less than 48 Hz
and not e:gceeqihg 62 Hz.

(4). Power frequency voltage applied between the line and earth terminals of
the surge-diverter not cxceeding its rated voltage,
NOTE, Surge diverters subjected 1o other than normal application or service conditions may
require special corsideration in manufacture or application and each such case should be
discussed with the manufacturer. See Appendix B, * Abnormal service conditions® and
Appendix C, * Application Guide of non-linear resistar-type surge diverters for alternating
current systems oL .
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2. DEFINITIONS
2.1 DEFINITIONS

N

-For the purposes of this British Standard, the following definitions apply.
*'Definitions of terms not listed here may be found in BS 4727.

(1) Surge diverter (lightning arrester). A device designed to protect electrical
apparatus from high transient voltage and to limit the duration and frequently
the amplitude of follow current. The term includes any external series gap which
is essential for the proper functioning of the device as installed for service,
whether or not it is supplied as an integral part of the device.

NOTE, Surge diverters are usually connected between the electrical conduciors of & network
and earth, but may sometimes be connected acrass the windings of apparatus or between
electrical conductors.
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(2) Non-linear resistor-type (valve type) diverter. A, diverter having a single ora
muitiple spark gap connected in series with one or more non-linear resistors.

(3) Series gap. An intentional gap or gaps between spaced electrodes in series
with the non-linear series resistor or resistors of the diverter. :

(4) Non-linear series resistor, Thc part of the surge diverter which, by its
_non-linear voltage-current characteristics, acts as a low resistance to the flow of
high discharge currents, thus limiting the voliage across the diverter terminals
and as a high resistance at normal power frequency voltage, thus limiting the
magnitude of follow current, )

(5) Section of a surge diverter. A complete, suitably housed part of a diverter,
including series gaps and non-linear series resistors in such a proportion as is
necessary to represent the behaviour of a complete diverter with respect to a
particular test.

(6) Unit of a surge diverter. A complelel%%gused part of a diverter, which
may be connected in series with other unit€$o construct a diverter of higher
voltage rating. A unit of a diverter is not necessarily a section of a diverter.

B L rtn 4 SR B S e ML N Wk Ao | ET o T et e
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(7) Pressure relief device. A means for relieving internal pressure in a diverrer
and preventing explosive shattering of the housing, following prolonged passage
of follow current or internal flashover of the diverter.

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

(9) Rated frequency. The frequency of the power system on which the diverter
is designed to be used.

(10) Disruptive discharge. The phenomena associated with the fajlure of
insulation under electric stress which include a collapse of voltage and the
passage of current; the term applies to electrical breakdown in solid, liquid and
gaseous dielectrics and combinations of these.

———
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NOTE. A disruptive discharge in a solid dielectric produces permanent loss of electric
strength; in a liquid or gascous dielectric the loss may be only temporary.

(11) Puncture (breakdown). A disruptive discharge through a solid,

(12) Flashover. A disruptive discharge over a solid surface.

(13) Sparkover. A disruptive discharge between the electrodes of the gaps of
a diverter.

(14) Impulse, A unidirectional wave of voltage or current which, without
appreciable oscillations, rises rapidly to a maximum value and falls, usually less
rapidly, to zero with small, if any, loops of opposite polarity.

The parameters which define a voltage or current impulse are polarity, peak
value, front time, and time to half value on the tail, -

(15) Rectangniar impulse, An 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.

(16) Peak (crest) value of an impuise. The maximum value of voltage or
current in an impulse (sez 6.3.2, 6.5.2 (5) and 6.5.3.2 (3) regarding superimposed
oscillations).

(17} From of an impulse, That part of an impulse which occurs prior to the
peak.

(18) Tail of an impulse. That part of an impulse which occurs after the peak,

(19) Full wave voltage impulse. A voltage impulse which is not interrupted by
sparkover, flashover, or punecture.

(20) Chopped voltage impulse. A voltage impulse which is interrupted on the
front, peak, or tail by sparkover, flashover or puncture causing a sudden drop

“in the voltage,

m:l'lm\.'m-":-:\-xﬁ
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(21} Prospective peak (crest) value of a chopped impulse. The peak (crest) valus
of the full wave voltage impulse from.which a chopped voltage impulse is
derived. ; - T ‘

(22) Virtual origin of an impulse. The point on 4 graph of voltage against time,
or current against time, determined by the intersection with the zero voltage or
current axis of a straight line drawn through two reference points on the front
of the impulse: ‘ . '

" a. For voltage impulses with virtual front times equal to or less than 30 its,
the reference points are at 3077 and 90% of the peak value. _

b, For voltage impulses with virtual front times greater than 30 s, the origin

- is generally well defined and needs no artificial definition. i
c. For current impulses the reference points are 107 and 909 of the peak
value, S ' EAN
NOTE. This definition applies only when scales of both ordinate and abseissa arc lincar. Sce
also note under definition (23). . -

(23) Virtual front time of an impulse (Ty). The time, in microseconds, equal to:

a. For voltage impulses with front times equal to or less than 30 ps, 1.67 times

. .the time taken by the voltage to increase from 309 to 90% of its peak
value, . T ' .

b, For voltage impulses with front dilrations greater than 30 s, 1.05 times the
time taken by the voltage to increase from zero to 959 of its peak value,

c. For current impulses, 1.25 times the time taken by the current to increase
from 109/ to 50% of its peak valye. T

NOTE. If oscillations are present on the front, the reference points at 102, 30%, 90% and,
957 should be taken on the mean curve drawn through the oscillations,

(24) Virtual steepness of the Jront of an impulse. The quotient of the peak
‘value and the virtual front time of an impulse.

(25) Virtual time to half value on the tail of an impulse. (T3). The time interval
between the virtual.origin and the instant when the voltage or current has de-
creased (o half its peak value, This time is expressed in microscconds.

(26) Waveshape designation of an impulse. A combination of two numbers, the
first representing the virtual front time (T1) and the second the virtual time to
hzif peak value on the tail (T) in microseconds, It is written as I/T5, the sign
*/ " having no mathematical meaning,

(27) Standard Iightning impuise voltage. An impulse voltage having a wave
shape designation of 1.2/50, :

(28} Switching impulse voltage. An impulse voltage having a virtual front time _

greater than 30 s,
(29) Virtual duration of the peak of a rectangular impulse. The time during

which the amplitude of the impulse is greater than 909 of jts peak value.
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(30) Virtual total duration of a rectangular impulse. The time during which the
amplitude of the impulse is greater than 10% of its peak value, -

NOTE, If small oscillations are rresent on tie f‘rom. 4 mean curve should be drawn in order
to determine the time at which the 109 velue is reached.

(31) Peak (crest) value of opposite polarity of an impulse. The maximum
amplitude of opposite polarity reached by a voltage or current impulse when it
oscillates about zero before attaining a permanent zero value,

(32) Discharge current. The surge or impulse current which flows through the
diverter after a sparkover of the series gaps.

(33) Nominal discharge current. The peak value of discharge current, having
an 8/20 waveshape, which is used to classify a diverter. It is also the dlscharge
current which is used to initiate follow current in the operating duty test,

(34) Follow current. The current from the connected power source which
flows through a diverter following the passage of discharge current.

(35) Residual voltage (discharge voltage). The voltage that appears between
the terminals of a diverter during the passage of discharge current.

(36) Power frequency sparkover voltage. The value of the power frequency
voltage measured as the peak value divided by 4/2 applied between the terminals
of a diverter, which causes sparkover of all the series gaps.

(37) Impulse sparkover voltage. The highest value of voltage attained before
sparkover during an impulse of given waveshape and polarity applied between
the terminals of a diverter.

(38) Front-of-wave impulse sparkover voltage. The impulse sparkover voltage
obtained on the wavefront the voltage of which increases finearly with time.

~ (39) Standard lightning impulse sparkover voltage. The lowest prospective
/" peak value of a standard lightning voltage impulse which, when applied to a
diverter, causes sparkover on every application.

(40) Time to sparkover. The time interval between virtual origin and the
instant of sparkover of the diverter. The time is expressed in microseconds.

{41) Impuise sparkover voltage/time curve, A curve which relates the impulse
sparkover voltage to the time to sparkover.

(42) Prospective current. The current which would flow at a given point in a
circuit if it were short-circuited at that point by a link of negligible impedance,

{43) Type tests (design tests). Tests which are made upon the completion of the
development of a new diverter design to establish representative performance
and to demonstrate compliance with this British Standard. Once made, these
tests need not be repeated unless the design is so changed as to modify its
performance.

. {44) Routine tests, Tests made on each diverter, or on parts and materials as
required, to ensure that the product meets the design specifications.

B B e e A " e b e
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(45) Acceptance tests, Selected tests which are made when it has been agreed
between the manufacturer and the purchaser that the diveriers or representative
samples of an order are to be tested.
(46) Protective characteristics of surge diverter. The combination of the
foltowing:
a. Lightning voltage impulse sparkover-voltage/time curve as determmed in
6.3.3.

b. The residual-voltage/discharge-curtent curve as determined in 6.4.

c. For 10 000 ampere arresters rated 100 kV and higher, the switching voltage
impulse sparkover-voltage/time curve as determined in 6.3.5.

(47) Diverter discommector. A device for disconnecting a diverter fron. the
system in the event of its failure, to prevent a persistent fault on the system
and to give visible indication of the failed diverter.

NOTE. Clearing of the fault current through the diverter during disconnection is not gencrally
a function of the device, and it may not prevent explosive shattering of the housing followmg
internal flashover of the diverter on high fault currents.
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(48) Impulse protective level of a diverter. The highest peak value of impuise
voltage that may occur across the terminals of a diverter under the prescribed
ccnditions.

The impulse protective level is given numencally by the maximum of the
following quantities:

Front-of-wzve impulse sparkovcr voltage divided by 1.15 (see Appendix C).

1.2/50 sparkover voltage,

Residual (discharge) vuItage at a given dlscharre current.

NOTE. For protection ngnmst swnchmg surges, sce 6.3.5 und C.333

(49) Rated impulse protec: tive level of a diverter, The impulse protective level
with the residual voltage referred to the nominal discharge current.

(50) Protective ratio. The ratio of the insulation withstand characteristics of
the protected equipment to the diverter protective level, expressed as a muitiple
of the latter figure.

{81} Coefficient of earthing of a three-phase system (factor of earlhmg) The
ratio of the highest r.m.s. voltage to earth of the sound phase or phases at the
point of application of a diverter during a line-to earth fault (irrespective of the
fault location) to the highest line-to-line r.m.s. voltage expressed as a percentage
of the latter voltage.
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3. IDENTIFICATION AND STANDARD RATED VALUES

31 MARKING

Lo TR BT F T PN R,

Each comple.e surge dwerter shall carry, in a form permanently attached to the
diverier, the follomng mformatlon.
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(1) The number of this British Standard, i.e. BS 2914.
(2) Rated voliage. ‘ ,
(3) Rated frequency, if other than one of the standard frequencies (see 3.3).

.“-(4)'Nominal discharge current (specifying for the 5000 A diverter whether -
series A or series B, and for the 10 000 A diverter, whether light or heavy b

- duty). ' - S
(5) Long duration discharge class (for 10 000 A heavy duty diircr;g:r) (see
6.5.3.2). . )
(6) Pressure relicf class (for diverters fitted with pressure relief devices) (see
. 6.7.2). Y R
- (N Manufacturer’s name or trade mark, type and identification.
(8) Year of manufacture,

NOTE. Attenticn is drawn to cerlification facilitics offered by BSI; see the back cover of
this standard. ‘

3.2 STANDARD RATED VOLTAGES

Standard values of rated voltage for diverters (in kV r.m.s.) are:

0175 75 24 51 120

0280 9 27 54 126 ‘

0.500 105 30 60 132 o .
0.660 .12 3 75 138 ' S

3 15 36 84 150
4.5 18 39 9% 174 ,
6 ‘21, 42 102 186 '

108 198 ‘

NOTE !. Rated v&lr.aﬁes above 198 kV, should be determined as indicated in Appendix C.
Any values so chosen should be divisible by six.

NOTE 2. The standard values are based or: the highest voltages of standard systems as given
in IEC Publication 38 (1967), * LEC standard voltages, for 75, 80 and 100 per ceat cocfficients
of carthing *. See nlso BS 77. .

3.3 STANDARD RATED FREQUENCIES

The standq.rd rated frequencies are 50 Hz and 60 Hz.

3.4 STANDARD NOMINAL DISCHARGE CURRENTS

The standard nominal discharge currents are: 10 000 A, 5§ 000 A, 2 500 A and
1 500 A, with an 8/20 waveshape.
“NOTE. For the 10 000 A diverter (sec 4) there are two types, light duty and heavy duty,

which are differentiated by the amplitude of the long duration impulse cucrent which they are
capable of withstandlng. (see 6.5.3).
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4. DIVERTER CLASSIFICATION

4.1 DIVERTER CLASSIFICATION
“Surge diverters are classified by their standard nominal discharge currents and
they shall meet at least the test requirements and performance characteristics
_ listed in Table 1, Diverters having more favourable performance characteristics
or lower protective levels than are required by this specification shail be con-
sidered to have met the requirements of the specification.

-5, GENERAL TESTING PROCEDURE

51 TEST SAMPLES AND MEASUREMENTS
Except where otherwise specified, all tests shall be made on the same diverter,
sections, or units, They shall be new, clean, completely assembled, and arranged
as nearly as possible as in service and shall be fitted with grading rings, if used.

The measuring equipment shall be in accordance with BS 923 and the values
obtained shall be accepted as accurate for the purpose of compliance with the
relevant test clauses.

52 IMPULSE TESTS
All impulse tests shall be made in accordance with BS 923, except that a sphere
gap alone shall not be used as the measuring device.

The voltage amplitude shall be measured with an error not exceeding 3%.
If the time-to-breakdown is less than 1.7 ps (i.e. breakdown occurs on the
wavefront) the error shall not exceed 5%.

The time parameters which define the waveshape shall be measured with an
error not exceeding 10%4.

5.3 POWER FREQUENCY V'OLTAGE TESTS
5.3.1 All power frequency tests shall be made in accordance with BS 923 with
an alternating voltage having a frequency. between the limits of 48 Hz and 62 Hz,
and an approximately sinusoidal waveshape. The extent of the deviation from a
sine curve is considered acceptable if tiie ratio of the measured peak to r.m.s.

voltage is equal to /2, = '5%.

5.3.2 Measurement of voltage. The r.m.s. value of the test voitage sha.Il be
measured by using one of the methods described in 3.3.3 of BS 923 : 1971, the
instrument being calibrated by reference to the peuk voltage measured in

accordance with 3.3 of that standard.
The peak voltage shall be measured with an error not exceeding 3 4.

54 WET TESTS
NOTE. It is generally recognized that wet tests arc not intended to reproduce actual operating
conditions but to provide a criterion based on accumulated expericnce that satisfactery

service operation will be obtained.
‘The test 'shouid give reproducible results in the same and in different laboratories. The

_ dispersion ¢ of the flashover voltage is greater in wet tests than in dry tests so that more observa-
- uired to obtain reliable values.
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i

Wet tests shall be. made only on diverters desighed for use outdoors.

Where such a test is specified, the test object shall be subjected to a spray of
water of prescribed resistivity provided by.a properly located nozzle or nozzles.
The spray, consisting of small drops, shall fall on the test object at an angle of -
approximately 45° to the vertical as determined by visual observation or by
measurements of the vertical and horizontal coml;.lonents of the precipitation

e g e
ST

rate. ’ N L
The vertical component of the spray shall be measured with a collecting vessel

having a horizontal opening of area 10 000 mm? to 75 000 mm2. When both
vertical and horizontal components are'frequired,' the horizontal component
shall be measured with a collecting vessel having a similar vertical opening
 directed towards the nozzles. The collecting vessel shall be located on the side
" of the test object facing the nozzles and as close to the test object as is possible
without collecting splashes from it. L

For test objects of height greater than 0.5 m, measurements of the rate of
precipitation shall be made near the ends and the middle and values obtained
for any one position shall not differ by more than 25 %/ from the average for the
three positions; for test objects of 0.5 m height or less, the measurcment shall be .
made near the middle only. :

The test object shall be sprayed for at least one minute before the application
of voltage. (Alternatively, more consistent results may be obtained if the test
object is thoroughly wetted with water of the prescribed resistivity and tem-
perature before the application of voltage.) The characteristics of the spray shall

be as given in Tablq 2. ‘ :
TABLE 2. PARAMETERS FOR WET TESTS

e T i Dot

@ Pr;cipitatibn rate (mm/min) 3 3 10%
vertical component

100 &+ 10%

(3) Temperature of water (°C) Ambient temperature
2 +15%

(%) Resistivity of water (& m)

(8) Type of nozzle See Fig. 10 of BS 923

(5) Water pressure See Fig, 10 of BS 923

55 POLLUTED HOUSING TEST
The development of artificial pollution testing has not yet reached the stage at
which it is possible to formulate 2 mandatory test for surge diverters. Useful
information can be gained, however, from existing test methods, and certain
general principles can be laid down in their application to surge diverters.
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Proposals embracing these principles, together with references to several such
methods, are given in- Appendix D 1o stimulate further investigation, in the
expectation that from experience gained in snch investigationsﬂit will be possible
to devise an apreed method on which a mandatory test can be based.

NOTE. P';:hding agreement on the relation between artificial po!lutioh fests and scrvice .
* conditions, valucs should be agreed between manufacturer and user, < B

6. TYPE TESTS (DESIGN TESTS) -
" 61 GENERAL '

- The following type tests shall be made where applicable (see Table 1):
(1) -Power frequency voltage sparkover test (sce 6.2). o :
(2) Standard lightning impulse voltage test (see 6.3.2),
(3) Lightning impulse sparkover voltage/time curve test (sec 6.3.3).
(4) Front-of-wave impulse voltage sparkover test (see 6.3.4). h
(5) Switching impulse sparkover voltage/time curve test (see 6.3.5). .
(6) Residual voltage test (see 6.4). . - ‘ S
- (7} Impulse current withstand test (see 6.5).
(8) Operating duty test (see 6.6). ' )
" (9) Pressure relief test (when the diverter is fitted with a pressure relief device,
‘see 6.7)., . : oo - .
"In‘addition to the above type tests on surge diverters, diverter disconnectors,
when fitted, are tested in accordance with 6.8.
The required numbers of samples are specified in the individual clauses.
Diverters which differ only in methads of mounting or arrangement of the
-supporting structure, and which are otherwise based on the same components
with similar construction and performance characteristics, are copsidered to be
of the same design. ; : - :
-Tests (1), (2), (3), (4) and (5) in the foregoing list shall be made on the same
_samples and these same samples may also be used for test (§) and when so made
shall be considered to have been made on new diverters. For tests (7), (8) and (9),
the requirements are given in the specific clauses, -

62 POWER FREQUENCY VOLTAGE SPARKOVER TESTS

Dry and wet tests shall be made in accordance with the requirements specified in
-1, 5.3, 5.4 and 6.1 on three samples of complete diverters of each rated voitage
tested. The performance of other diverters of the same design (as defined in 6.1)
and rated voltages within 4 25 % or 6 kV (whichever is the greater) of the rated
voltage of a test sample can be determined by adjusting the voltage level in
proportion to the voltage ratings. The voltage applied to the diverter shall be
switched on at a value low enough to avoid sparkover of the diverter by the

- resulting switching surge and rajsed «apidly at a uniform rate until sparkover of
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the series gap occurs. The time during which the voltage may exceed the rated
voltage of the diverter should be in the range of 2 s to 5 5 when testing diverters
using non-linear grading resistors which may be damaged by overheating if tie
applied voltage exceeds the rated voltage for too long. After sparkover, the test
voltage shaIl be switched off as rap:dly as is possible, preferably by automatic
tripping and in any case within 0.5 's. If it-is difficult to measure the rapidly
mcrcasmg voltage with an indicating type of instrument, a high speed recorder
or'an oscﬂlugmph shall be used. It is reccommended that the manufacturer bc
consulted about the permissible test procedure,
NOTE. "I'hc load imposed on the tumng circuit by a surge diverter havmg non-lmeur grading
resistors of high conducuvny gives rise to harmonics ,and the test circuit must have a sufficiently

low impedance to maintain the waveform of the voltagc across the specimen within the limits
speﬂﬁed in53.1. -

The voltage shall be applied not less than five times, with an interval of about

10 s between successive applications. For all classes of surge diverters except the
10 000 A heavy duty class, the lowest value of power frequency sparkoer
voltage for each of the samples tested shall be not less than 1.5 times the rated
voltage of the diverter. For the 10 000 A heavy duty class diverters, the Jowest
value of power frequency sparkover is subject to agreement between the manu-
facturer and purchaser, '

The average sparkover value of the five tests is adopted as the power frequency
sparkover voltage for purposes of a comparison of tests made before and after
other type tests,

It should be noted that the dry power frequency sparkover test is the minimum
requirement for routine tests to be made by the manufacturer as specified in 7.1.

6.3 IMPULSE VOLTAGE SPARKOVER TESTS

6.3.1 General. These tests shall be made in accordance with 5.1, 5.2 and 6.1 on
the same test samples used for the power frequency sparkover tests described
in'6.2. Sparizover values and voltage/time curves {or other rated voltages of the
same design (as defined in 6.1) within 4- 25% or 6 XV, (whichever is greater) of
the rated voliage of ‘a test sample may be determined by adjusting the voliage
level in proportion to the rated voltages., ) '
6.3.2 Standard lghtning impulse voltage test. Using an impulse generator
adjusted, with the test sample diverter in the circuit, to give a 1.2/50 voltage
waveshape and the prospective peak vaiue (definition 21) specified in Table 6,
five positive and five negative impulses shall be applied to the test sample, and
the series gaps of the diverter shall spark over on every impulse. If in either
series of five impulses, the gaps fail to spark over once cnly, an additiopal tea
impulses of that po]arlty shall be applled and the gaps shall spark over on all
of these impulses.

1972
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The time interval between the start of the wave and the instaat of sparkover
is immaterial in this test. The tolerances on the adjustment of the testing equip-
ment shall be such that the measured values lie within the followmg lumts

'Between 97 % and 10094 for the specified peak values, :

From 0.85 s to 1.6 ps for the virtual duration of the wavefront. -

- From 40 ps to 60 ys for the time to half value of the wavetail,

Oscillations on the first part of the wavefront (below 50%%) shall not exceed
10% of the peak value. Small oscillations near the peak of the impulse are
permissible provided that their amplitude is less than 5% of the peak vaive.
Measurement shall be made at the peak of the oscillations,

6.3.3 Lightning impulse sparkover-voltage/time curve test. This test shall be
made using positive or negative impulses, whichever result in the higher spark-
over voltages, Data for plotting the curve shall be obtained by applying 1.2/50
voltage waves of successively increasing amplitude in steps beginning at a voltage
below diverter sparkover and increasing the generator charging voltage (and
thus the prospective peak voltage) until the virtual steepness of the front of the
impulse equals-that specified in Column 2 of Table 6. Alternatively, for times to
sparkover of less than 1.2 ps the data may be obtained by reducing the virtual
front time of the impulse. For times to sparkover of less than 1.2 ps, the test -
impulse shall have a substantially uniform rate of rise to diverter sparkover,

For each sparkover, the highest voltage attained before sparkover shall be
plotted against the time to sparkover measured from virtual zero. Enough data
points shall be obtained to define clé==, A :he curve, which shall be drawn through
the maximum sparkover values, .

63.4 Front-of-wave impulse voltage sparkover test. Using an impulsc voltage
with a virtual steepness of front equal to that specified in Column 2 of Table 6,
five positive and five negative impulses shall be applied to the diverter and the
sparkover voltage determined from cathode ray voltage-time osc:llogmms made
during each test, On none of the impulses shall the sparkover voltage exceed the
value given in the appropriate column of Table G.

Itis pcmuss:ble to use the point of intersection of the curve spemﬁed in 6.3.3
with 2 line representing the virtual steepness of front speciied in Column 2 of
Table 6 for determining the maximum front-of-wave spa.rkovcr voltage of the
test sample diverter for comparison with the maximum permissible value given
in Table 6, provided there are at least five positive and five negative sparkover
test points within -£0.1 s of the line representing the prescribed steepness. This
|.s 111ustrated in Fig. 1.

6.3.5 Switchmg impulse sparkover-voltage/time curve test. This test is applicable
. only to"10 000 A light and heavy duty diverters having a rated voltage above
© . 100kV, and is intended to demonstrate the sparkover characteristics on switch-
ing surges. The procedure is prescribed in order to provide a uniform methiod of
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o / /-——V:rtual steepness of front
Maximum ¢ Column 2 of Table & )
front=of -wave : :
;- sparkover voltage — | Lightning - voltage impulse
(must not exceed sparkover -voltage/time curve
"¢ valte inappropriate specified in 6.3.3
column of |able 5)

= Tests with polarity giving
~ higher sparkover voitage
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® = Tests with opposite polarity

Time (mncroseconds)

Fig. 1. Front-of-wave impnlse voltage sparkover test

making the test so that dala supplied by manufacturers will be comparable.No
limits for the maximum swuchmg impulse sparkover voltage are specified,but
these are under consideration.

Sparkover tests shall be made using three different impulse wave;hapes with
wrtual front times of:

(1) 30 ps to 60 ps.

{2} 150 ps to 300 us.

(3 1000 ps to 2000 ps, .

The time to half value on the tail shall be appreciably longer than gwxce the
front time but the exact value is not of critical importance.
~ For each waveshape and for both polarities, the 509, spa.rkover voltage
(Uso%%) shall first be determined by applying an impuise having a peak voltage
well below the expected 509 sparkover voltage of the test sample diverter and-
raising the impulse generator charging voltage in approximately 57 steps until
sparkover occurs. This sparkover shall constitute the first of five 1mpulm whose
highest voltage values shall be recorded. The remainder of the serics of five
impulses shall be applied, decreasing the generator charring voltage (and thus
the prospectwe peak veltage) by about 5% each time the diverter sparks over,
and increasing it by about 5% each time the diverter does not spark over. Usp%
is calculated as the average of the highest values of voltage recorded in each of
the five tests. Ten more impulses shall then be applied to the test sample with the
impulse generator charging voltage increased so as to give a prospectwe peak .
voltage about 40%, higher tha.u Uso‘y
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