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FOREWORD

This amendment has been prepared by IEC technical committee 37: Surge arresters.

The text of this amendment is based on the following documents:

FDIS Report on voting
37/324/FDIS 37/325/RVD

Full information on the voting for the approval of this amendment can be found in the tgport
bn voting indicated in the above table.

ﬂhe maintenance result date indicated on the IEC web site unde
he data related to the specific publication. At this date, the publi

1 reconfirmed;

1 withdrawn;

1 replaced by a revised edition, or
1 amended.

Page 3 %
CONTENTS

Replace, on page I, t
Annex N (norma@

Page 9

ke following new title:

termine the lightning impulse discharge capability

\dd:
Figure 13 — E 3 obdrrester units

Figure 145 Short-circuit test setup

Figute) 15 — Example of a test circuit for re-applying pre-failing current immediately beforg¢
eppplying the short-circuit test current

Delete the titles of Figures N.1, N.2 and N.3.
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Page 11

Add:

Table 14 — Test requirements
Table 15 — Required currents for short-circuit tests

Delete the titles of Tables N.1, N.2 and N.3.

Page 51

6.11 Short circuit

Replace the text of this subclause by the following:

A\n arrester for which a short-circuit rating is claimed by the [y subjected
fo a short-circuit test according to 8.7 to show that the arpé i i i manner that
fauses violent shattering of the housing and that self-extinguishi flames (if any
pccurs within a defined period of time.

6.12.1 Disconnector withstand

- for surge arresters to be installed i ith system voltages exceeding 52 kV
test of the lightning impulse discha

Page 53
\dd, after 6.16, the follg

6.17 Lightning imp

For surge arrest
the lightning i
bf Annex N.

Page 57
Table 3 £ Arrester type tests

Delete’ all references to Annex N.

Page 75

Add, after 8.5.2.2, on page 77, the following new subclauses:
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8.5.2.3 Test procedure for resistor elements stressed at or above the reference voltage

If Uy is close to or above the reference voltage, it may not be possible to perform an
accelerated ageing test at U, due to the extreme voltage dependence for the power losses
and stability of available voltage source. If U, = 0,95*U,¢s and if it is not possible to perform
an accelerated ageing test according to 8.5.2.1, this alternative test procedure shall apply and
replaces 8.5.2.1 and 8.5.2.2.

flollows.

)  Calculate power loss, Pgt, for the highest stressed resistor (at T3 = 40 °C and U = U,).

2) Determine the steady-state temperature, Tg¢, for the highest stressed part of the arre sing lene”of the
three alternative procedures of 8.5.2.3.1.

) Atavoltage Ugt, determine the ratio, ky, of power loss at 115 °C to power loss af\[g{ forthextype ef resistor
elements used.

Perform an accelerated ageing test at constant power loss, ky * Pgt.

)
%)  Interrupt the test for a short time and take measurements of power loss a
) If Tg¢ > 60 °C, increase test temperature or test time.

)

Evaluate the power losses of step 5) according to 8.5.2.3.3.

8.5.2.3.1 Determination of test parameters

=

Calculate the power losses, P, per resisto imum ambient temperature o
0 °C with the arrester energized at U, e’stressed resistor according tq
Annex L including the effect of the resigti

'

INOTE 1 For dead-front and liqui
ffemperatures.

o determine the steady-state temperature
t maximum ambient temperature.

[ 1, of the most stressed p S )
INOTE 2 The test pr u Si be conservative in increasing order from 1 to 3.

€ 10 K, energize the complete arrester at the claimed
U, until steady-state onditions have been attained. The temperature shall be

five resistor elements, the number of measuring points may bI
each resistor element. The average temperature rise abov
ambient S i elements shall be added to the maximum ambient temperature tq
obtain the\temperagure Tg;.

2. At the{ maximum ambient temperature, energize a thermally pro-rated section
representative for the arrester type at a voltage level, which results in the same power
losses per resistor element as determined above. Keep the power losses constant by
adjusting the voltage if necessary. Measure the temperature of the resistors in steadyt

ctata caondit:
Ttotec—CoTroTT

T

st.

td
t©

on—and -caleulata thao avaraan ctoady, ctata tamnaratiiera ahi o oot acial
© rete—tHe—orveTrage Sy—oto ooty oottt ecguat

ch
H—artt—catcua St te—terpet Vo

3. At an ambient temperature of 25°C + 10 K, energize a thermally pro-rated section
representative for the arrester type at a voltage level which results in the same power
losses per resistor element as determined above. Keep the power losses constant by
adjusting the voltage if necessary. Measure the temperature of the resistors in steady-
state condition and calculate the average steady-state temperature rise, AT, above
ambient. Determine the temperature, Ty by adding ATy to the maximum ambient
temperature.
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The prorated section shall represent the steady-state thermal behaviour of the complete
arrester.

NOTE 3 The section may not necessarily be the same as that used for the operating duty test.

At a voltage U, determine the ratio, k,, of power losses at 115 °C to power losses at T, for
the type of resistor elements used. For this test the voltage source shall fulfil the requirements
according to 8.5.1.

Three resistor samples shall be subjected to constant power losses equal to k,*P; (toleranc

Q the'surfac

+38%) for 1 000 h. During the test, the temperature shall be controlled (to ke

emperature of the resistor at the required test temperature T; + 4
t the start of the test shall be not less than 0,95*U,.

If the temperature, T, is equal to or below 60 °C, T, shall.be\{15 °Cs s.above 60 °C{

) Increase of the test temperature

Ty =115 + (Tgt — Ty max — ATh)

where

T; is the test temperature in °C;

Tst is the steady-state tempergture ef theNes 5 in °C;

Tamax IS the maximup ~ G

AT, =20K.
INOTE 1 For liquid-immers : , Which results from the requirement that the operating duty tesft
gtarting temperature fOox t e ¥ K above the maximum ambient temperature (95 °C), whil¢
flor other arresters & € € irfg duty test starting temperature and the maximum ambient
ffemperature is 20 K.

b) Increase of th

ty =1,000 h;
AT is.the temperature above 60 °C.

INOTE 2" For dead-front and liquid-immersed arresters, ty is 2 000 h and 7 000 h, respectively, and AT is th
tlemperature above 85 °C and 120 °C, respectively.

N

8.5.2.3.3 Determination of elevated rated and continuous operating voltages

The three test samples shall be heated to T, + 4 K and subjected to the constant power losses
k,*P.. One to two hours after the voltage application, the voltage is adjusted to a voltage in
the range 0,95* U to U, and the power losses, P4, are measured. During the test, after
30 %, 50 % and 70 % of the testing time, the measurement of power losses is repeated under
the same conditions with respect to temperature and voltage. The minimum power loss values
at these times are designated as P,. At the end of the ageing test, under the same
conditions with regard to block temperature and at the same voltage, the power losses P,
are determined.
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* If Py is equal to or below 1,1 times Ps, then the test according to 8.5.4 and 8.5.5 shall
be performed on new resistors:

— if P, is equal to or less than Py, Ug. and Ug, are used without any modification;

— if Pygt > Pyt the ratio Py /Pyt is determined for each sample. The highest of these
ratios is called K. On three new resistors at ambient temperature, the power losses
P,. and P,, are measured at Ug. and Ug,, respectively. Thereafter, the voltages are
increased so that the corresponding power losses P, and P,, fill the relation:

P'7r- P’)r

=Rets — = Rt
P1c P1r

U.* and U, are the highest of the three increased voltages obtained: an alterpative

C

Page 91
8.7 Short-circuit{;tp ocedure
Replace the title ana wen e following new title and text:

oft-circuit rating is claimed by the manufacturer, shall be tested ir
ccordance with subclause. The test shall be performed in order to show that an arrestef
ailure doesunot It in a violent shattering of the arrester housing, and that selff
xtinguishing of open flames (if any) occurs within a defined period of time. Each arrestef
ype istested with four values of short-circuit currents. If the arrester is equipped with somT
thef arrangement as a substitute for a conventional pressure relief device, this arrangemen
hall'be included in the test.

The frequency of the short-circuit test current supply shall be between 48 Hz and 62 Hz.

With respect to the short-circuit current performance, it is important to distinguish between
two designs of surge arresters.
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— “Design A” arresters have a design in which a gas channel runs along the entire length of
the arrester unit and fills 250 % of the internal volume not occupied by the internal active
parts.

— “Design B” arresters are of a solid design with no enclosed volume of gas or having an
internal gas volume filling <50 % of the internal volume not occupied by the internal active
parts.

NOTE 1 Typically, “Design A” arresters are porcelain-housed arresters, or polymer-housed arresters with a
composite hollow insulator which are equipped either with pressure-relief devices, or with prefabricated weak spots
inthe r‘nmlnneitp hmleing which burst or flip apen at a ':Innhifind pressire thereby dprrpgeing the internal pressure

Typically, “Design B” arresters do not have any pressure relief device and are of a solid type with no encloséed
olume of gas. If the resistors fail electrically, an arc is established within the arrester. This arc causes~heav
g¢vaporation and possibly burning of the housing and/or internal material. These arresters’ short-circuit perfarmance
is determined by their ability to control the cracking or tearing-open of the housing due tg effests, thereb
avoiding violent shattering.

INOTE 2 "Active parts" in this context are the non-linear, metal-oxide resistors angha
geries with them.

the number of test samples, initiation of short-circuit curre
tircuit current peak. Table 14 shows a summary of th
e¢xplained in the following subclauses.

INOTE 3 After agreement between the manufacturer and the (pur
include, for example, a number of reclosing operations. Fe

NOTE 1 Figure 13

In case a fuse wire

s

NOTE 2 In ord
rc ignition, it \
luminium o

he arrester height Wwith a short thinner section in the middle, may also help.

8.7.2.1-“Design A” arresters

Thé samples shall be prepared with means for conducting the required short-circuit curren

positioned within, or as close as possible to, the gas channel and shall short-circuit the entire
internal active part. The actual location of the fuse wire in the test shall be reported in the test
report.
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No differences with regard to polymer housings or porcelain housings are made in the
preparation of the test samples. However, differences partly apply in the test procedure (see
8.7.4.2). In this case, “Design A” arresters with polymeric sheds which are not made of
porcelain or other hollow insulators, and which are as brittle as ceramics, shall be considered
and tested as porcelain-housed arresters.

8.7.2.2 “Design B” arresters

H es H - A - S S
echamcally supportmg structures and WhICh are as brlttle as ceramics, shaII be conS|dered
and tested as porcelain-housed arresters.

8.7.2.2.1 Polymer-housed arresters

shall be electrically pre-failed with a power frequency overvoltage \Tht

between pre-failing and the actual short-circuit current test.

oltage shall cause the arrester to fail within (5
failed when the voltage across the resistors falls
The short-circuit current of the pre-faili

|

around 15 mA/cm2 with a variation of £50 %, will result

iven time range.

d\with means for conducting the required short-circuit curren%
I

8.7.3 Mounting of\the test sample

For a<base-mounted arrester, the mounting arrangement is shown in Figures 14a and 14b
The \distance to the ground from the insulating platform and the conductors shall be as
indicated in Figures 14a and 14b.
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For non-base-mounted arresters (for example, pole-mounted arresters), the test sample shall
be mounted on a non-metallic pole using mounting brackets and hardware typically used for
real service installation. For the purpose of the test, the mounting bracket shall be considered
as a part of the arrester base. In cases where the foregoing is at variance with the
manufacturer's instructions, the arrester shall be mounted in accordance with the installation
recommendations of the manufacturer. The entire lead between the base and the current
sensor shall be insulated for at least 1 000 V. The top end of the test sample shall be fitted
with the base assembly of the same design of an arrester or with the top cap.

or base-mounted arresters, the bottom end fitting of the test sample shall be mounted on
est base that is at the same height as a surrounding circular or square enclosure. Theltes
ase shall be of insulating material or may be of conducting material if its surface dimension

sample arrester, but not less than 0,9 m. The enclosure
aterial and be positioned symmetrically with respect to/th

geight of the enclosure shall be 40 cm = 10 cm, and its dia

nclosure) shall be equal to the greater of 1,8 m or

shall not be permitted to open or move during the tes

vhere
u is the height of tested arrester unit;
D is the diameter of te

arr

Test samples
manufacturer and t

INOTE 1

The routing shown in Fgy S
ccurs (especially in thezvase\of a s

rrester, and/thus reduteg’the risk of the arrester catching fire. Both the initial phase of the test as well as the part
ith risk of-eatching fire are important, especially for arresters where the external part of the housing is made of
polymeric\material.

for ,all polymer-housed arresters, the ground conductor should be directed to the opposite direction as th¢
inceming conductor, as described in Figure 14b. In this way, the arc will stay close to the arrester during the entir¢
) / ‘ i . | : i f he fire | I
NOTE 2 In the event that physical space limitations of the laboratory do not permit an enclosure of the specified
size, the manufacturer may choose to use an enclosure of lesser diameter.

8.7.4 High-current short-circuit tests

Three samples shall be tested at currents based on selection of a rated short-circuit current
selected from Table 15. All three samples shall be prepared according to 8.7.2 and mounted
according to 8.7.3.
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Tests shall be made in a single-phase test circuit, with an open-circuit test voltage of 77 % to
107 % of the rated voltage of the test sample, as outlined in 8.7.4.1. However, it is expected
that tests on high-voltage arresters will have to be made at laboratories which might not have
the sufficient short-circuit power capability to carry out these tests at 77 % or more of the test
sample rated voltage. Accordingly, an alternative procedure for making the high-current,
short-circuit tests at a reduced voltage is given in 8.7.4.2. The measured total duration of test
current flowing through the circuit shall be =0,2 s.

NOTE Experience from porcelain-housed arresters has shown that tests at the rated current do not necessarily
emaonstrate nr\malnfthn behaviour at lower currents

8.7.4.1 High-current tests at full voltage (77 % to 107 % of rating)

circuited or replaced by a solid link of negligible impedance.

The duration of such a test may be limited to the minimum time
and symmetrical component of the current waveform.

half-cycle of the prospective current shall be at Ig i ‘m.s. value of thi
§ £ ' v value of th
g jreditecurrent or higher. The pea

prospective current may b
arrester may be subjected t

For “Design B” arresters te 3 Mit'current, the peak value of the first half}
S times the r.m.s. value.

For all the redu it Ct he€ r.m.s. value shall be in accordance with Tabl¢
5 and the peak Vvalu | i ' cle of the prospective current shall be at least V2

fimes the r.m.s. valus

ormal service voit
gervice.

ge any the effect on the test current is the same as would be experienced during a fault i

INOTE 2 Fhe.X/R ratio of the test circuit impedance, without the arrester connected, should preferably be at leasjt
5. In cases’ where the test circuit impedance X/R ratio is less than 15, the test voltage may be increased or th¢
impedance may be reduced, in such a way that,

1 Mop the rated short-circuit current, the peak value of the first half-cycle of the prospective current is equal to, of
areater than 2 8 times the rnqnirpd test current level:

— for the reduced current level tests, the tolerances in Table 15 are met.


https://iecnorm.com/api/?name=1dad869931d8d8d368e267e1f51adf28

60099-4 Amend. 1 © IEC:2006 -21 -

8.7.4.2 High-current test at less than 77 % of rated voltage

When tests are made with a test circuit voltage <77 % of the rated voltage of the test
samples, the test circuit parameters shall be adjusted in such a way that the r.m.s. value of
the symmetrical component of the actual arrester test current shall equal or exceed the
required test current level of 8.7.4.

For “Design A” arresters tested at the rated short-circuit current, the peak value of the first
half-cycle of the actual arrester test current shall be at least 2,5 times the r.m.s. value of the
ymmetrical component of the actual arrester test current. The following r.m.s. value of the
ymmetrical component shall be equal to the rated short-circuit current or higher. The pea
alue of the actual arrester test current, divided by 2,5 shall be quoted as the test ecurrent
ven though the r.m.s. value of the symmetrical component of the actual /arrester test curren

ay be higher.

alue of =2,5 times the rated short-circuit current can
ample shall be tested. This additional test sample shal

imes the r.m.s. <>e
INOTE 1 Especially a
peak current of 2,5 is n«
increase the test r.m,g

S5—0—O—r

fhe required i . aCtual peak value of the test current divided by 2, 5 should be quoted as th
.s. value of the symmetrical component of the actual arrester test current may b¢
higher. Be
therefore, tests™a Rratio lowér than 15 should only be carried out with the manufacturer’s consent.

INOTE 2 For “Desig ” polymer-housed arresters, even the first current peak of V2 may not be easily achieved
nless special-test facilitfes are considered. Pre-failed arresters can build up considerable arc resistance, which
Ifmits the symmetrical current through the arrester. It is therefore recommended to perform the short-circuit tests as
goon as-possible after the pre-failure, preferably before the test samples have cooled down.

For(pre-failed arresters, therefore, it is recommended to ensure that the arrester represents &
uff;u;cllt:y :UVV ;Illpcdallbc pI;UI tU app:yllly thc oh\ut L;;I\Ju;t bullcllt by |capp:y|||3 thc 'JIC
failing, or similar, circuit during a maximum of 2 s immediately before applying the short-
circuit test current (see Figure 15). It is acceptable to increase the short-circuit current of the
pre-applied circuit up to 300 A (r.m.s). If so, its maximum duration, which depends on the
current magnitude, shall not exceed the following value:
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trpf < Qrpf/ Irpf

where

teof is the re-pre-failing time in s;

Qrpf is the re-pre-failing charge = 60 As;

Irpf is the re-pre-failing current in A (r.m.s.).

£

he test shall be made by using any test circuit that will produce a current through the\tes
ample of 600 A + 200 A r.m.s., measured at approximately 0,1 s after the start of the‘curren
3 resters, untif

enting occurs.
Refer to Note 2 of 8.7.6 with regard to handling an arrester that fai

8.7.6 Evaluation of test results
The test is considered successful if the following three eri

a) No violent shattering
NOTE 1 Structural failure of the sample is

b) No parts of the test sample shall be

test. Any ejected

within 2 min. ;
INOTE 2 If the arrest 3

|

!

) A be\used\ifh applications where mechanical integrity and a strength is required afte
flailure, different\test progedures, and evaluations may be established between the manufacturer and the user (a$
4

-

n example, je requited that after the tests the arrester should still be able to be lifted and removed by it$
op end).
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Table 15 — Required currents for short-circuit tests

Arrzs_ter class = nominal cﬁit:i? ::::;tr-\t Reducic:lil;z:ts-CIrCUIt Low il}:)rl"t;c(i;::ru;ttig:rrent
ischarge current Is 10 % of1s 1
£10 %
A A A A
20 000 or 10 000 80 000 50 000 25 000 600+200
20000 or 10 000 63 000 25 000 12 000 £00+200
20 000 or 10 000 50 000 25 000 12 000 600+200
20 000 or 10 000 40 000 25 000 12 000 600200
20 000 or 10 000 31 500 12 000 6 000 ( %‘GQiZOO
20 000, 10 000 or 20 000 12 000 6 000 A Q0+£200
5000

10 000 or 5 000 16 000 6 000 3000 X 608200

10 000, 5 000, 10 000 6 000 080 MZOO

2 500 or 1 500 @\

10 000, 5 000, 5000 \OQ\\> 600+200

2 500 or 1 500

1) For surge arresters to be installed in reso
duration to longer than 1 s, up to 30 min,
purchaser. In this case the low short-circui

T —

1 rated currents in Table 15, is being qualifie
d only at the new rated value. Any

q ¢ uit current.

I ifi i d current value than available in this table, it shall
f f this rated current.

INOTE 3 If an existing\arrester is q i rated short-circuit currents in this table, it is deemed to
fhave passed the tes<fgo\r<§ wet than this one.

jon
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V4
SW 1
Short-circuit
generator
/\j \
SW 2
Test
74 ample

680/06

of 30 A, limited b
rrent to flow throug

INOTE SW 1 is closed and SW 2 is opened to apply pre-failing leve
impedance Z). After a maximum of 2 s, SW 2 is closed to cause }k
fhe test sample.

Page 169

2.8.7 Short-circuit tes

A\n arrester for \@
fo a short-circuit t acso

Replace.fast paragraph by:

Pamples shall be prepared according to 8.7.2.

Page 171
12.8.7.3 Mounting of the test sample

Replace first paragraph with:

This subclause replaces 8.7.3.
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12.8.7.4 Evaluation of test results
Replace first paragraph by:

This subclause replaces 8.7.6.

Page 185

3.8.7 Short-circuit tests

Replace the text of subclause 13.8.7 by the following:

A\n arrester for which a short-circuit rating is claimed by the manufa
fo a short-circuit test according to 8.7 to show that the arrester wi
tauses violent shattering of the housing. Modifications to 8.
immersed arresters are as follows.

3.8.7.1 General
Replace first paragraph by:
This subclause replaces 8.7.1.

Replace last paragraph by:

amples

Replace,-in the second sentence of the fourth paragraph, Figures N.2 and N.3 by Figures 143
and d4pb.

Replace, in the second sentence of the NOTE, Figure N.2 by Figure 14a.
Replace, in the next to last sentence of the NOTE, Figure N.3 by Figure 14b.
13.8.7.4 Evaluation of test results

Replace first paragraph by:

This subclause replaces 8.7.6.
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Page 191
13.8.7.5 High-current short-circuit tests
Replace the first three paragraphs of this subclause by the following:

This subclause replaces 8.7.4.

Dne sample should be tested at a rated short-circuit current selected from Table 15. Secon
and third samples should be tested, one at each of the two reduced short-circuit currents
torresponding to the selected rated short-circuit current. All three Samples should bg
prepared according to 8.7.2 and mounted according to 8.7.3.

ore of the test sample rated voltage Accordingly, an alte Ve S for making thT
\ e measured tota|

Page 283

Delete the existing Annex N and replag new Annex N:

N.1 Gene
[his tes to surge arresters used on lines with system voltages exceeding
52 kV to improv e lightning performance of such lines. In general, theses arresters are¢

subjected to_higher energy and current stresses caused by lightning than arresters installed in
stations with: effective lightning protection on incoming lines. In addition, the anticipated
turrent_waveform for decisive cases, with a duration of several tens of microseconds fof
Frresters applied on shielded lines and several hundreds of microseconds for arresters of
i

nshielded lines, considerably differs from waveforms specified in the operating duty test anq
in‘the long-duration current impulse test.

An impulse duration of 200 pusec has been considered as a suitable compromise to cover both
the typical applications and the effect of multiple strokes.

Arresters intended for this application, therefore, shall be tested in accordance with the
lightning impulse discharge capability test to verify the rated lightning impulse discharge
capability of the arrester.
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