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INTERNATIONAL ELECTROTECHNICAL COMMISSION

HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -
Part 210: Seismic qualification for metal enclosed and
solid-insulation enclosed switchgear and controlgear assemblies
for rated voltages above 1 kV and up to and including 52 kV

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for s
all national electrotechnical committees (IEC National Committees). The obj is to promote

international co-operation on all questions concerning standardization in the ele
this end and in addition to other activities, IEC publishes International Stangd i € ifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides e d “IEC
Publication(s)”). Their preparation is entrusted to technical committees; apy g nittee interested
in the subject dealt with may participate in this preparatory work. ioh 3
governmental organizations liaising with the IEC also participate in thi . |E aborates closely
with the International Organization for Standardization (ISO) in &dccorda v
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical mattg S possible, an international

consensus of opinion on the relevant subjects since eac
interested IEC National Committees.

IEC Publications have the form of recom

Independent certification bodies provide conformity
marks of conformity. IEC is not responsible for any

patent rights. IE€ shall yot be held responsible for identifying any or all such patent rights.

The main task of IEC technical committees is to prepare International Standards. In
exceptional circumstances, a technical committee may propose the publication of a technical
specification when

+ the required support cannot be obtained for the publication of an International Standard,
despite repeated efforts, or

+ the subject is still under technical development or where, for any other reason, there is the
future but no immediate possibility of an agreement on an International Standard.

Technical specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.

IEC 62271-210, which is a technical specification, has been prepared by subcommittee 17C:
High-voltage switchgear and controlgear assemblies, of IEC technical committee 17:
Switchgear and controlgear.
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The text of this technical specification is based on the following documents:

Enquiry draft Report on voting
17C/515/DTS 17C/548/RVC

Full information on the voting for the approval of this technical specification can be found in
the report on voting indicated in the above table.

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

A list of all the parts in the IEC 62271 series, under the general title Hig
and controlgear, can be found on the IEC website.

voltage switchgear

The committee has decided that the contents of this publication ged until

the stability date indicated on the IEC web site under "http:/

» transformed into an International standard,
* reconfirmed,

* withdrawn,

+ replaced by a revised edition, or

@@
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HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -
Part 210: Seismic qualification for metal enclosed and

solid-insulation enclosed switchgear and controlgear assemblies
for rated voltages above 1 kV and up to and including 52 kV

1 General

1.1  Scope

complying with IEC 62271-200 for metal enclosed and IEC 622
enclosed, ground or floor mounted, intended to be used under sgi

may be applled to demonstrate the pe formancg f hiQ -v@jge witchgear and controlgear

The following documents\i ormatively referenced in this document and

are indispensablesfor i d references, only the edition cited applies. For
undated refere the referenced document (including any
amendments) applies

IEC 60068-2-6 2 testing — Part 2-6: Tests — Test Fc: Vibration (sinusoidal)
IEC 6006 ental testing — Part 2-57: Tests — Test Ff: Vibration — Time-
histor

IEC 60068-2-64;
random and guidancé

sonmental testing — Part 2-64: Tests — Test Fh: Vibration, broadband

IEC 60068-3-3:1991, Environmental testing — Part 3: Guidance — Seismic test methods for
equipment

IEC 62271-1:2007, High-voltage switchgear and controlgear — Part 1: Common specifications

IEC 62271-200, High-voltage switchgear and controlgear — Part 200: AC metal-enclosed
switchgear and controlgear for rated voltages above 1 kV and up to and including 52 kV

IEC 62271-201, High-voltage switchgear and controlgear — Part 201: AC insulation-enclosed
switchgear and controlgear for rated voltages above 1 kV and up to and including 52 kV

ISO 2041, Mechanical vibration, shock and condition monitoring — Vocabulary
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2 Normal and special service conditions

(void)

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60068-3-3,
IEC 62271-1, IEC 62271-200, IEC 62271-201 and ISO 2041 apply.

4 Seismic qualification requirements

4.1 General

The seismic qualification shall demonstrate the ability of the s
assemblies to withstand seismic stresses.

Basis of seismic qualification is the test, because only that X
of the equipment during and after the seismic events. Theest 'aI o~a negessary input for
setup of numerical model used for analysis.

is need each type of switchgear

A combination of test and analysis
arrangement can be tested.

4.2 Preliminary analysis

4.2.2 Mathematical model of the test sample

If qualification by combined test and numerical analysis, according to Clause 6, is foreseen, a
three-dimensional mathematical model of the test sample shall be created on the basis of
technical information concerning the design characteristics.

Such a model shall take into consideration the presence of switching and control devices,
compartments and of their supporting structures, and shall have sufficient sensitivity to
describe the dynamic behaviour of the test sample in the frequency range being studied.

The validity of the model shall be established by comparison between simulation results and
actual tests results, as stated in 7.3.
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4.3 Severities
4.3.1 General

In earthquake zone 4 (risk of very strong earthquakes) the measured peak ground
acceleration in many cases is approximately 0,5 g. In a few cases the measured peak ground
acceleration is around 1 g (see also Annex D).

Due to the wide range of ground motions, site conditions, switchgear installations in buildings,
two severity levels are defined for seismic qualification in order to avoid designing or testing
always to the highest levels.

is a broadband
o to epicentre,

The shape of the Required Response Spectra (RRS) (severity levels 1 and

rping ratio of the switchgear
ing behaviour is unknown 5 %

i ted at the ground level for zones 0 to 4
hquake zories 0 to 3 (see Annex D). For Zone O, it

and controlgear assemblies. For testing
damping ratio is recommended.

Severity Level 1 is recom

or at upper floor levels cd art

Severity Level 2 guipments mounted at upper floor levels combined
with earthquake g

If site-specific coadit
which envelop S e, Of 1 verity level 1 and/or severity level 2.

The RRS is described by the following equations:

Horizontal spectral accelerations S, (m/s?) for frequencies f'(Hz):

o S;=1144xpBxfxg for0,0 << 1,1
e S§;=1250xpBxg for 1,1 <f<8,0
e S§,=2x((6,62x4-264)/f-0,2x+0,33)) xg for 8,0 << 33
e S,=05xg for /> 33

£ =1(3,21-0,681n (d))/ 2,115 6, where d is the percent damping (2, 5, 10 etc.) and d < 20 %.
g =10 m/s?

For qualification the RRS is limited to a frequency range starting at 1,0 Hz (see 5.3.2).
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For vertical spectral accelerations the conversion factor is 0,8.

NOTE The conversion factor is 0,8 in order to harmonize the values settle by IEEE and IEC standards.

Severity Level 1 (hor.):

20
L = = =RRS (hor.) ZPA 0.5g d= 2% (level 1)
RRS (hor.) ZPA 0.5g d= 5% (level 1)
______ [ A R I A — - —RRS (hor.) ZPA 0.5g d=10% (level 1)
[ A
_o 15 .
o r .
= «
E r -
o Yy -~
8 / N M (‘\
Q T N -
< g0 === e L e . N
© — h S ~
€ AES N ¢ -~ /\ <-\
8 ~. N
= ~ - ¢ ~
<] ~ ~
T -~ =
5 l& N
o N
1 100
IEC 245/13
SOURCE: Reproduced from IEEE Std 693:2005 d Practice For Seismic Design of Substations
with the permission of IEEE.
Figure 1 — Severity < i eroperiod acceleration (ZPA) =0,5 g

4.3.3 Severity leve

The RRS is des

2) for frequencies f (Hz):

for0,0<7/<1,1
for1,1<7<8,0
X8)/ f— 0,4 x p+0,66)) x g for 8,0 < /<33
for />33

B=(3,21-0,681n (d)) / 2,115 6, where d is the percent damping (2, 5, 10 etc.) and d < 20 %.
g =10 m/s?

For qualification the RRS is limited to a frequency range starting at 1,0 Hz (see 5.3.2).

For vertical spectral accelerations the conversion factor is 0,8.

NOTE The conversion factor is 0,8 in order to harmonize the values settle by IEEE and IEC standards.
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Severity Level 2 (hor.):

40
[ = = =RRS (hor.) ZPA 1g d= 2% (level 2)
35 t RRS (hor.) ZPA 1g d= 5% (level 2)
oo .o [ R R R P — — RRS (hor.) ZPA 1g d=10% (level 2)
[¢ .
- 30 ¢ N
o r N
B L 4
5 25 >
$ 27 ~
Q ™ r \ M
<820 NG
£ o T T T T T T T T M
= £ N| ~
s /1 ~N ~
< \\ .
E 15 \\\\ N .
:IO: ~ . /—\
10 T *
5 &

1 10 100
Frequency [Hz] & \
<\\\

IEC 246/13

4.4

Acceptance classes

Two acceptance classes fo

For class 1, the equip

After the seismic eve
long term opera@

The test procedure>shall be in accordance with IEC 60068-3-3 with the modification that the
time history test method in accordance with IEC 60068-2-57 shall be applied. The time history
test method more closely simulates actual conditions, because the behaviour of the test
sample is always not linear.

The seismic test should demonstrate the ability of the switchgear and controlgear assemblies
to perform its required functions during and after seismic loads in form of Test Response
Spectrum (TRS) that envelopes the RRS. The demonstration shall be performed as it is
settled in 5.4.1 and 5.4.3.

If a test sample cannot be tested with its supporting structure (e.g., due to its size), the
dynamic contribution of the structure shall be determined by analysis and accounted for in the
test.

5.2 Mounting

The test sample shall be mounted as in service condition including dampers (if any).
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If exact service conditions are unknown, a rigid base frame shall be used between the
equipment and the shaking table.

The horizontal orientation of the test sample shall be in the direction of excitation acting along
its two main orthogonal axes.

Any fixtures or connections required only for testing shall not affect the dynamic behaviour of
the test sample.

The method of mounting of the test sample shall be documented and shall include a
description of any interposing fixtures and connections (see IEC 60068-2-47).

5.3 Test parameters

5.3.1 Measurements

The measurements should be in accordance with 5.2 of IEC 60

At least the following signals shall be recorded:

e acceleration at the shake-table;
e acceleration at significant places within the test

— at least one measurement to the main structure

(usually on top of switchgear),
— near to the centre of gravity (if acce
— at critical components (e.g. heayy

5.3.2 Frequency range
The frequency range s t 35 Hz in accordance with the Annex B of
IEC 60068-2-57:1899 K 8 es the predominant frequencies are in between
this range. The eq { i ied’to the resonant frequency search test and the

generation of artifieig

The first resonant\freque < pical test setup in horizontal directions is in the range of 5
Hz to 10 Hz, ) vencies below 1 Hz are not relevant.

Due to 4he a O ome shake-tables it is not required to envelop the RRS below
frequencie hefowest resonant frequency of the equipment.

5.3.3 Parameters/for resonant frequency search

The resonant frequency search test shall be carried out according to 10.1 of
IEC 60068-3-3:1991.

The recommended acceleration during the resonant frequency search is 0,1 g. The search
shall be conducted successively by sine sweeps in the three main axes at a maximum rate of
1 octave/min.

5.3.4 Parameters for time history test (seismic load test)

The test directions shall be chosen according to IEC 60068-3-3:1991, Clause 15.
Tri-axial testing is recommended.

The severity level shall be chosen according to 4.3.
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The total duration of the time-history shall be 30 s at least and the strong part duration shall
be not less than 20 s.

5.4 Testing procedure
5.4.1 General
The test sequence shall be as follows:

o functional checks before testing;

e resonant frequency search (required to determine critical frequencies and damping ratios
and/or for analysis);

e time-history test (seismic load test);

e resonant-frequency search;

o functional checks after testing.
5.4.2 Inspection and functional checks

Before and after the tests, the following operating characte shall be recorded

a) visual inspection;

b) operation of any switching device;
c) closing time of any fast-closing swits
d) opening time of any fast-opening s

h) power-frequens
devices in
IEC 62271-1:200

test shall be carried out according to 10.1 of
IEC 60068-3-3:1991.

5.4.4 Time history test (seismic load test)

The time history test shall be performed once according to IEC 60068-2-57 with the
parameters as defined in 5.3.4.

During the seismic test the following parameters shall be recorded in addition to 5.3.1:

e electrical continuity of the main circuit (if applicable);

o electrical continuity of the auxiliary and control circuit (representative NO/NC contacts).

During the test the control circuits shall be energized at the rated voltage.
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