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INTERNATIONAL ELECTROTECHNICAL COMMISSION

BUSHINGS - SEISMIC QUALIFICATION

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
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hical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referredpto

cation(s)”). Their preparation is entrusted to technical committees; any IEC National Compmiittee in
e subject dealt with may participate in this preparatory work. International, governmental 3
[nmental organizations liaising with the IEC also participate in this preparation. IEC.collaborate
the International Organization for Standardization (ISO) in accordance with conditions detern
bment between the two organizations.
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all interested IEC National Committees.
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cations is accurate, IEC cannot be held responsible for the way in which they are used or
terpretation by any end user.
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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 61463, which is a Technical Specification, has been prepared by subcommittee 36A:
Insulated bushings, of IEC technical committee 36: Insulators.

This second edition cancels and replaces the first edition published in 1996 and
Amendment 1:2000. This edition constitutes a technical revision.
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This edition includes the following significant technical changes with respect to the previous
edition:

a) the seismic spectrum profile has been substituted with the one of IEEE Std 693-2005,
worldwide used as a reference;

b) the acceptance criteria have been reviewed and the maximum permissible stress for each
main material has been harmonized with the relevant IEC Standard for that material;

c) aload on the head has been prescribed when the bushing is subject to the vibration test;

d) the sine sweep test has been added as a method of search of resonance frequency,
worldwide used.

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

Enquiry draft Report on voting
36A/178/DTS 36A/179/RVC

Full information on the voting for the approval of this document can«befound in the report on
voting |ndicated in the above table.

This pyblication has been drafted in accordance with the ISOAEC Directives, Part 2.

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

e transformed into an International standard,
e recpnfirmed,

e withdrawn,

e replaced by a revised edition, or

e ameénded.

A bilingual version of this publication may be issued at a later date.

IMPORTANT —-The 'colour inside' logo on the cover page of this publication indjcates
that if contains colours which are considered to be useful for the cprrect
undergtanding of its contents. Users should therefore print this document uging a
colour|printer.
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INTRODUCTION

C 2016

As it is not always possible to define accurately the seismic severity at the bushing flange
level, IEC TS 61463, which is a Technical Specification, presents three alternative methods
of qualification. The three methods are equally acceptable. If the required response spectrum
(RRS) at the bushing flange is not known, a severity (in terms of acceleration values) based
on standard response spectra at the ground level may be used to carry out qualification

throug

h one of the three methods described in this document.

When the environmental characteristics are not sufficiently known, qualification by static
calculation is acceptable. Where high safety reliability of equipment is required for a specific

environment—precise—data—are—used—therefore—gualificationby—dyramic—analysis—er—vipration

test is
mainly

recommended. The choice between vibration testing and dynamic analysisid

if non-ljnearities are expected.

When
model

nualification by dynamic analysis is foreseen, it is recommended, that the nu
pe adjusted by using vibration data (see Clause 5).

This dgcument was prepared with the intention of being applicable to bushings whatev

constrd
directe

bushin

S,

bpends

on the capacity of the test facility for the mass and volume of the specimen, ‘and, also

merical

er their

ction material and their internal configuration.The information contained, orjginally
H to porcelain bushings, has been partially updated to include also composite
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BUSHINGS - SEISMIC QUALIFICATION

ope

IEC TS 61463, which is a Technical Specification, is applicable to alternating current and
direct current bushings for highest voltages above 52 kV (or with resonance frequencies
placed inside the seismic response spectrum), mounted on transformers, other apparatus or
buildings. For bushings with highest voltages less than or equal to 52 kV (or with resonance

freque
seismig
practic

This d
demon
during

The se

2 No

The following documents are referred to in the text ih such a way that some or all

conten

cited applies. For undated references, the Jlatest edition of the referenced do

(includ

IEC 60
vibratid

IEC 60
and sin

IEC 60
equipm

IEC 60

IEC 61
in elec

Cles placed ouiside from the seismic response specirum), due to their charag
qualification is not used as far as construction practice and seismic cons
b comply with the state of the art.

strate that a bushing can maintain its mechanical properties, insulate and carry
and after an earthquake.

smic qualification of a bushing is only performed upon request.

rmative references

constitutes requirements of this document.'For dated references, only the

ng any amendments) applies.

D68-2-47, Environmental testing~'¥ Part 2-47: Test — Mounting of specimg
n, impact and similar dynamic tests

D68-2-57, Environmental:testing — Part 2-57: Tests — Test Ff: Vibration — Time:
e-beat method

p68-3-3:1991, Environmental testing — Part 3-3: Guidance — Seismic test meth
ents

137, Insufated bushings for alternating voltages above 1 000 V

162( Gomposite hollow insulators — Pressurized and unpressurized insulators
frical equipment with rated voltage greater than 1 000 V — Definitions, test m

ristics,
ruction

ocument presents acceptable seismic qualification methods and ‘requirements to

current

bf their
edition
cument

bns for

history

ods for

for use
bthods,

ke H al L H Lo ks
accept;m,c Criterfa—amaaestgirrecomimettaations

IEC 62155, Hollow pressurized and unpressurized ceramic and glass insulators for use in
electrical equipment with rated voltages greater than 1 000 V

IEC 62217, Polymeric insulators for indoor and outdoor use — General definitions, test
methods and acceptance criteria

ISO 20

3 Te

41, Mechanical vibration, shock and condition monitoring — Vocabulary

rms and definitions

For the purposes of this document, the terms and definitions given in IEC 60068-3-3,

IEC 60

137, IEC 61462, ISO 2041 and the following apply.
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ISO and IEC maintain terminological databases for use in standardization at the fo
addresses:
e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

3.1
critical cross-section
section of the bushing that is most likely to fail during an earthquake

llowing

3.2
resporjse spectrum
plot of| the maximum response to a defined input motion of a family of single=ded
freedom bodies at a specified damping ratio

[SOURICE: IEC 60068-2-57:2013, 3.18, modified — The words "as a function of their
frequencies and at a specified damping ratio" has been replaced byCat a specified d
ratio".]

3.3
rigid eguipment
equipment whose natural frequency is greater than 33 HZ(is considered rigid for the p
of this [echnical specification

3.4
stand;rd frequency range
predonpinant frequencies of a typical earthquake

Note 1 t¢ entry: This range is generally between\0,3 Hz and 33 Hz.

Note 2 t¢ entry: This range is sufficient to determine the critical frequencies of the equipment and for it
In certain cases the test frequency rangé may be extended or reduced dependent on the critical fre
present, |but this shall be justified.

3.5
zero period acceleration

high frequency asymptotic value of acceleration of a response spectrum (above the
frequency of 33 Hz)

Note 1 t¢ entry: . This acceleration corresponds to the maximum acceleration of the time history used to d
spectrunp.

ree-of-

natural
Aamping

urpose

testing.
uencies

cut-off

erive the

4 Symbols and abbreviated terms

apg equivalent maximum acceleration to the centre of gravity of the bushing dur
seismic event

ing the

as maximum acceleration of the bushing flange

aq maximum acceleration of the ground resulting from the motion of a given earthquake
NOTE aq is equal to the zero period acceleration (ZPA) of Figure 2.

d damping of the bushing

dy distance between the centre of gravity of the part of the bushing which is under

consideration and the critical cross-section
Jo first natural frequency of the bushing
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K superelevation factor between ground and bushing flange: factor accounting for the
change in the acceleration from the ground to the flange due to the amplification by
foundation, buildings and structure

mpg mass of the part of the bushing which is under consideration

M bending moment at the critical cross-section of the part of the bushing considered,
due to an earthquake

R response factor derived from the required response spectrum (RRS) as the ratio

between the response acceleration and the ZPA (see Figure 3)
RRS required response spectrum: response spectrum specified by the user

Se coefficient established to take into account the effects of both multifrequency
excitation and multimode response

S
ZPA |zero period acceleration (see a

a spectral acceleration

g
5 Mathods of seismic qualification

Seismif qualification should demonstrate the ability of a bushing to withstand seismic
stressgs and to maintain its required function without failure, daring and after an earthquake
of a specified severity (see Clause 6).

As bushings are mounted on apparatus or buildings, theyseismic qualification of the Qushing
must consider the behaviour of the system on whi¢h the bushing is fixed. In the $eismic
qualifigation of a bushing, all parts should be included, which contribute to the stresses$ in the
critical|cross-sections during a seismic event, for‘example the conductor and inner spacer in
gas ingulated bushings.

Three nethods and combinations thereof@re described in this document:

— qudlification by static calculation (Clause 7);
— qudlification by dynamic analysijs (Clause 8);
— qudlification by vibration test (Clause 9).

A combination of the metheds may be used

— to qualify a bushing which cannot be qualified by testing alone (e.g. because pf size
and/or complexity*of the apparatus),

— to dualify a(bushing already tested under different seismic conditions, and

— to qualifya bushing similar to a bushing already tested but which includes modifications
ianIIJencing the dynamic behaviour (e.g. change in the length of insulators or in the mass).

Vibrational data (damping, critical frequencies, stresses of critical elements as a function of
input acceleration) for analysis can be obtained by

a) a dynamic test on a similar bushing,
b) a dynamic test at reduced test level, and
c) determination of natural frequencies and damping by other tests such as free oscillation

tests or sine sweep tests (see Annex B).

The methods result in the value of Mg which is determined for each part of the bushing on
either side of the flange. The stress due to this moment should be combined with the other
stresses acting in the bushing, and it should be demonstrated that the bushing withstands the
combined stress (Clause 10).

The different methods of seismic qualification are illustrated in the flow chart given in Annex
A.
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6 Severities

6.1 At the ground
The ground acceleration depends upon the seismic conditions of the site where the

apparatus is to be located. When it is known, it should be prescribed by the relevant
specification. Otherwise, the severity level should be selected from Table 1.

Table 1 — Ground acceleration levels

Ground Description of earthquake
acceleration
ZPA = a Richter UBC - b
refergnce General gm/sg scale magnitude | zone® Intensity MSK RRS
AG2 Light to medium 2 (0,2 g) <5,5 1to02 < VIII Figure 1¢
earthquakes
AG3 Medium to strong 3(0,39) 5,5t07,0 3 VI to IX Figure 1°
earthquakes
AG5 Strong to very strong | 5 (0,5 g) >7,0 4 SIX Fiqure 1
earthquakes
2  Appfoximate Uniform building code zone (International conference of building officials).
b MSHK (Medvedev-Sponheuer-Karnik) corresponds to modified Mercalli intensity scale.
¢ Valles for AG2 and AG3 are obtained by multiplying the values from Eigure 2 by 2/5 and 3/5 respectively.

The sglected qualification level should be in aceordance with expected earthqudkes of
maximyim ground motions for the site location, for which certain structures, systems and
compopnents are designed to remain functional."These structures are those essential to
assure| proper function, integrity and safety “of the total system (S, type earthquakes,
accord|ng to IEC 60068-3-3).

For qualification, it should be assumed, that

— thelhorizontal movements as de€scribed in Table 1 act in any direction

— the|severities of the vertical accelerations are 50 % of the horizontal (if a different value is
useld, a justification shall be provided), and

— both directions mayeéach their maximum values simultaneously.
The grpund motion‘can be described by natural time histories when known, or by grtificial

time higtories, which should comply with the RRS; this is used as input for dynamic ahalysis
or vibration test on the complete apparatus.

NOTE Information on the correlation between seismic qualification levels, seismic zone and seismic $cales is
given in [EC 60721-2-6 (111 and IEC 60068-3-3

6.2 At the bushing flange

The severity at the bushing flange (see Figure 5) may be available from the manufacturer of
the apparatus and structures (i.e. transformers, gas insulated apparatuses (GIS), building) in
terms of RRS or maximum acceleration (a;). Where no information is available, the following
simplified formula is used in order to establish an acceleration value at the flange of the
bushing.

af=K><ag

The superelevation factor K can be

1 Numbers in square brackets refer to the Bibliography.
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calculated by finite element analysis including soil interaction or any other careful
modelling, or

derived from results from calculations or tests on comparable apparatus or structures, or

taken from typical values obtained from experience.

So far, very little experience is reported. Unless more background information is available, K
should be assumed to be 1 for through-wall bushings, 1,5 for GIS bushings and for
transformer bushings directly mounted on the transformer cover, and 2 for transformer
bushings mounted on a turret. If the mounting configuration on the transformer is not known,
K will be assumed as 1,5.

See algo IEC 60068-3-3:1991, Table 4.

7

Qualification by static calculation

This method is valid for rigid equipment. It may be extended to flexible equipment, su¢h as a
bushing, taking into consideration the response factor R, as an alternative to the method by

analysis. This allows simpler evaluation with increased conservatism.

Using the static calculation method, the bending moment inythe critical cross-section of the
part of[the bushing under consideration is calculated from an equivalent acceleration of the

centre pf gravity of that part (abg):

M,

S=abg><dp><mp

This agceleration, apg, is calculated from the-flange acceleration af by multiplication| with a

coefficlent S; and the response factor R (see Annex C):

The value of S, depends on the patural frequency f; of the mounted bushing:

If the niatural frequency f; is not known, the conservative value S, = 1,5 should be used.

The vajue{R can be established by one of the following methods.

abg=af><SC><R

Jfo g8 Hz Se=1,9
8 <|fp < 33 Hz S, =1+0,5x(33-1y)/(33-8)
fo 233 Hz S.=1,0

a) From the spectrum at the bushing flange (if available).

b) When the spectrum at the bushing flange is not known, the spectrum at the ground

(Figure 2) may be used assuming that the levels at all frequencies are equally amplified
(K factor) from the ground to the flange. For such cases, the values of R are summarized
in Figure 3. The value of R is derived from the RRS (Figure 2 and Table 4) by dividing the
spectrum values with the ZPA value of asymptotic acceleration.

In order to correctly use the R values, it is necessary to know the first natural frequency f;
and the damping d % of the bushing mounted on its supporting structure. The natural
frequency can either be calculated as indicated for the superelevation factor or found by a
free oscillation test as described in Annex B.

c) R may be assumed to be equal to 2,5 when information for frequency f, and damping d %

of the bushing mounted on a transformer is not available. The value of 2,5 corresponds to
the frequency range 1,1 Hz to 8 Hz and 5 % damping ratio (ref. to Figure 3 and Table 5).
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d) R may be assumed to be equal to 2,9 when information for frequency f, and damping d %
of the bushing mounted on a GIS structure is not available. The value of 2,9 corresponds
to the frequency range 1,1 Hz to 8 Hz and 3 % damping ratio (ref. to Figure 3 and Table
5).

Different R values can be agreed between purchaser and manufacturer if justified.

Collected data show that the first natural frequency of a mounted bushing is lower than that
of the bushing itself. Reported natural frequencies show a great variation, while the damping
ratios lie within a limited range (see Table 2 and Table 3).

An example of the application of the method for bushings mounted on a transformer is given
in Annex D

Table 2 - Dynamic parameters obtained from experience
pn bushings with porcelain insulators (f, = natural frequency, 4 = damping

Highest voltage of equipment

Type of 123 kV to 170 kV 245 kV to 362 kV 420 kV to 550.kV 800 kV to 1 200 kV
mounting
fo d fo d fo d /o d
[HZ] [%] [HZ] [%] [HZ] [%] [Hz] [%]

Bushing alone
(mounted on a 15 to 35 2to 4 10 to 24 2to 4 3 todQ 2to5 1.5t0 5 P to 6
rigid stucture)

Bushing mounted
on a trgnsformer 5to 20 3to6 5to 15 5 3to8 5 1to 4 5
tank

Bushing mounted

4to0 12 3to5 4 to 10 - 3,5t0 10 - 4to5 115 to 3
on a GIfs

Bushing mounted
on a bufilding

NOTE[1 In the case of special dissipating systems, higher damping ratios can be obtained.

NOTE |2 Additional data will be included irr this table based on experience of the practical application| of this
technigal specification.

Table 3~ Dynamic parameters obtained from experience on
bushings with)/composite insulators (fy,= natural frequency, d = damping)

Highest voltage of equipment

Type of 123 kV to 170 kV 245 kV to 362 kV 420 kV to 550 kV 800 kV to 1 200 kV
mqunting
o d o d o d ) d
[Hz] [%] [Hz] [%] [Hz] [%] [Hz] [%]

Bushing alone
(mounted on a 14 to 18 1.5t02 | 5,5t0 13 1to 3,5 3.5 to6,5 1to4
rigid structure)

Bushing mounted
on a transformer
tank

Bushing mounted 10 4t05,5 1to4
on a GIS

Bushing mounted
on a building

NOTE 1 In the case of special dissipating systems, higher damping ratios can be obtained.

NOTE 2 An empty space means that data are not yet available. Additional data or ranges of values will be
included in this table based on experience of the practical application of this technical specification.
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8 AQualification by dynamic analysis

8.1 General

For dynamic analysis, the whole structure, the apparatus and the ground conditions including
foundations, with the mounted bushing, should be modelled by finite elements or other
mathematical modelling technique, taking into consideration the specific values of elasticity
and damping of all elements as well as the relevant masses. The structure may be assumed
to behave linearly and elastically except special seismic equipment (see 10.3, c)), which
should be modelled with its actual properties. The linear values used should correspond to
the values expected at the seismic load level.

Natura| frequencies of the bushing, the rocking motion of the foundation and responses at the
top of the bushing are influenced by the mass of the foundation, by the spring censtgnt and
by the [damping coefficient of soil. When the natural frequency of the bushing and-the[one of
the rogking motion are coincident, resonant phenomena occur and high response at the top
of the hushing can be produced.

If then fthe condition of the soil is not good (soft), the modeling of the dotal transformer system
(soil — foundation — transformer body — turret — bushing, refer to Figure 1) will be necegsary.

The madel in Figure 1 is an example of the whole system [3].

__________________ @
™)
Bushing @
()
Sleeve
@ K1,C4 Mg
e B E'Q"K/z,cz
Bushing turret~\» F—— ------cmmmmmm oo

@ K3,03
Transformer (body e

~J

Foundation

R N
(-

Soil T

Symbols

mi: mass

K,.C;: Rotational spring constant and damping coefficient at joint

Ky, Cyt Horizontal spring constant and damping coefficient at the bottom of foundation
Kgr:Cg: Rotational spring constant and damping coefficient at the bottom of foundation
Kys:Chs Horizontal spring constant and damping coefficient at the side of foundation
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Kie,C Rotational spring constant and damping coefficient at the side of foundation

rRs'“Rs"

Figure 1 — Example of model of the transformer system
From the calculation, the stresses in the critical cross-section of the bushing can be found.

A dynamic analysis may be performed on a bushing alone if the flange severity is already
known.

The general procedure is to establish, using experimental data, a mathematical model as the
previous shown of the structure in order to assess its dynamic characteristics and then to
determjne i i i in 8 ethods
may b

8.2 odal analysis using the time-history method

When the time-history method is used for seismic analysis, the ground mation accelleration
time-hiptories shall comply with the RRS (see Figure 2). Two types of;superimpositipn may
generally be applied depending on the complexity of the problem:

— seplarate calculation of the maximum responses due to each, ¢f the three directiond (x and
v in[the horizontal, and z in the vertical direction) of the earthiguake motion. The effects of
eadh single horizontal direction and the vertical direction_shall be then combined by taking
the|square root of the sum of the squares, i.e. (Xnax® + Zmax2) 2 and (Vmax?® + Zmax2) 2.
Thg greater of these two values is used for thel combination of the stresses|of the

Iltaneous calculation of the maximum «esponses assuming one of the s$eismic
hor|zontal directions and the vertical direction (x with z),,,, and, thereafter, calculation of
the|other horizontal direction and the vertical direction (y with z),,,. This means th%lt, after
eadh step of calculation, all values (foree, stresses) are superimposed algebrically. The
grepter of these two values is used forithe combination of the stresses of the bushing.

8.3 Tlodal analysis using the RRS
h

When fhe RRS method is used for seismic analysis, the procedure of combining the sfresses
is desgribed for an orthogonal system of co-ordinates in the main axes of the bushihg and
with x and y in the horizontal and z in the vertical direction. The maximum values of sfresses
in the bushing for each\of the three directions x, y and z are obtained by superimposjng the
stressqgs calculatedfor’the various modal frequencies in each of these directions by| taking
the squiare root of'the sum of the squares. The maximum values in the x and z dire¢tion —
and in|the y and\z direction — are obtained by taking the square root of the sum|of the
squarep (Xmax>+ Zmax2) 2 and (Ymax? + Zmax2) /2. The greater value of these two casds (x, z)
or (y, z) isrused for the combination of the stresses of the bushing.

9 Qualification by vibration test

9.1 General
9.1.1 General
Three different approaches can be applied:

— test on the complete apparatus (bushing mounted on the real apparatus);
— test on the bushing mounted on a simulating support;
— test on the bushing alone.

The procedure for qualification by test shall be in accordance with IEC 60068-2-57 and
IEC 60068-3-3. The tests shall be made at the ambient air temperature of the test location
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and this temperature shall be recorded in the test report. After the vibration test, the bushing
shall pass a routine test according to IEC 60137.

9.1.2

Mounting

General mounting requirements are given in IEC 60068-2-47. The specimen should be
mounted as in service including dampers (if any).

NOTE For more detailed guidance in the case of equipment normally used with vibration isolators, see A.5 of
IEC 60068-2-6:2007 [2].

The orientation and mounting of the specimen during conditioning should be prescribed by

the rel
comply
for ext
do not

9.1.3

Geners

test. TMS applies also to possible internal pressure of the bushing.due to safety requir

of the

During

These
hardwd

Other 1

NOTE
see Clay

9.1.4

Measu
include

— acg

— displacement of the top of the bushing, and

— strdg

IVGIIt Dtalldald. Thcy dl'c thU Ull:y bUIId;t;UII fUI vvhiuh thc Opcb;lllcll ;e bUIIO;d
ing with the requirements of the standard, unless adequate justification can\bs
bnsion to an untested condition (for instance, if it is proved that the effects of
nfluence the behaviour of the specimen).

External load

lly, electrical and environmental service loads cannot be simutated during the s

st laboratory.

vibrational test, the following weight shall be added te’the HV bushing terminal:

For U,, greater than 420 kV: 11 kg
For U, less or equal to 420 kV: 7 kg

weights represent the lower range of\weight associated with conductor conn
re and part of the weight of conductors*connected to the bushing.

hasses could be agreed between-parts.

For combination of seismic and sétVice loads to be taken into account during static or dynamic
se 10.

Measurements

ements shall beperformed in accordance with 5.2 of IEC 60068-3-3:1991, and

eleratiop~at both ends of the bushing and at the centre of gravity,

ins’on critical cross-sections.

red as
b given
gravity

beismic
ements

ections

Analysis,

should

9.1.5
The fre

9.1.6
9.1.6.1
The fol

Standard frequency range

quency range shall be 0,3 Hz to 33 Hz.

Test methods
General

lowing test methods with their waveforms shall be used to comply with RRS:

— time-history; or

— sine-beat; or

— other waveforms, for example sine wave (requiring justification).
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9.1.6.2 Parameters for time-history
9.1.6.2.1 General

The total duration of the time-history should be about 30 s of which the strong part not less
than 20 s. The test method shall be in accordance with IEC 60068-2-57.

9.1.6.2.2 Test severity

The test severity shall be chosen in accordance with 6.1.

The recommended response spectra are given in Figure 2 for the different qualification
levels.[The curves are related to 2%, 3 %, 5 %, 10 % of the bushing damping. Tf damping is
unknown, 5 % damping will be applied for transformer bushings and 3 % damping’|will be
applied for GIS bushings, in accordance with 7c¢) and 7d).

Spectra for different damping values may be obtained by linear interpolation,

9.1.6.2|3 Spectrum definition

The fojlowing expressions give the RRS spectrum values: depending on the level (high,
medium, low), the right RRS will be given in function of the frequency.

Se=1144-a-B-f for@,3 < /< 1,1
Sa=1P5-a-f for 1,1 <f<8,0
Se=af [(13,2: B —5,28)/f — 0,4 § +0,66] for 8,0 < f< 33
Sa=0%-a for /> 33

B =(3,p1— 0,68 1n(d))/2,1156

d i$ the percent damping (2,°3, 5, 10, etc. with d < 20 %),

for AG5 level (5 m/s2,’0,5g), a = 0,6 for AG3 level (3 m/s2, 0,3g) a = 0,4 for AGQ2 level
(R m/s2, 0,29)
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° [

c 16 RRS with

S 2 % damping ZPA=0,5g

3 1.6 R Ry
§ / 3 % damping

E 1,4 ' A

g // 5 % damping \\

& 1,2 s \

/A

y 1/ N |
y 4// O

Frequency (Hz)
IEC]

Figure 2 — RRS for ground mounted equipment- ZPA = 0,5 g [1] [2]

The other spectra related to medium level (ZPA = 0,3(g) and low (ZPA = 0,2 g) level [can be
easily ¢btained by the above expressions.

Table 4 — Example of qualification level: AG5: ZPA=0,5¢g

Response acgeleration
Frequency m/s
Hz Damping ratio Damping ratio Damping ratio Damping fjatio
2% 3% 5% 10 % and more
0,3 4,4 4,0 3,4 2,7
1,1 16,2 14,6 12,5 9,7
8 16,2 14,6 12,5 9,7
33 5,0 5,0 5,0 5,0

NOTE According:to IEC 60068-3-3, the value of g is rounded up to the nearest unit, that is 10 m/s2.

9.1.6.3 Parameters for sine-beat

Test frequencies should cover the frequency range stated in 9.1.5 with half octave spacing,
and should include the resonance frequencies of the specimen. The test method should be in
accordance with IEC 60068-2-57.

9.1.7 Testing
9.1.7.1 Test axes

The test axes should be chosen according to 3.19 of IEC 60068-3-3:1991. In some cases, the
effect of the vertical acceleration results in negligible stresses, and the vertical excitation may
be omitted.

Single axis or biaxial excitation may be accepted if suitably justified.
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9.1.7.2 Test sequence
The test sequence should be as follows.

a) Vibration response investigation

The vibration response investigation should be carried out according to 10.1 and 14.2 of
IEC 60068-3-3:1991 over the frequency range stated in 9.1.5.

b) Seismic qualification test

The test should be performed by applying one of the procedures stated in flow chart A.3
(except test Fc) or flow chart A.4 of IEC 60068-3-3:1991 depending on the test facilities.

Th t 4 | P2 N £ <l 4t 1 ] [ H ol Il
e e\. U olTUUIU UGC YTTTUTTTICU UTTUGS dU UTC TOVET ULITUOTTT TIT UITIdUoT U.

During|the seismic test, the measurements as stated in 9.1.4 should be recorded,

9.2 Test on complete apparatus

When the size and/or complexity of the apparatus allow assembly on.the’shaker table| a test
on the complete apparatus is recommended.

The test severity should be chosen in accordance with 6.4 The time-history method is
recommended since it more closely simulates the actual conditions, particularly| if the
behavipur of the specimen under test is not linear.

9.3 Test on the bushing mounted on a simulating support

The buyishing is mounted on a simulating support which is fastened to a shaker table
(see Figure 4). The simulating support has to«dynamically reproduce (stiffness and dgmping)
the actpal apparatus.

The seperity and test method should be as described in 9.2.

9.4 Test on the bushing alonée

If the sjze and/or complexity-of the apparatus (transformer, GIS apparatus, building) dpes not
allow the test to be performed as described in 9.2 or 9.3, the test should be performed|on the
bushing alone, rigidly connected to the shaker table. In this case, the severity should|be the
RRS of the peak acceleration value at the flange of the bushing (see 6.2 and Figure 5)

The sine-beat test method is recommended. In case the RRS at the flange is not available,
coefficlents_&~and R should be either obtained by calculation or taken from the value$ given
in Claujses'6.and 7.

10 Evaluation of the seismic qualification

10.1 Combination of stresses

The seismic stresses determined as described in Clauses 7, 8 or 9 should be combined with
other service stresses to evaluate the total stress induced by all the combined loads on the
bushing.

The probability of an earthquake of the recommended seismic qualification level occurring
during the lifetime of the bushing is low, as the maximum seismic load in a natural
earthquake would only occur if the bushing were excited at its critical frequencies with
maximum acceleration. As this would last only a few seconds, a combination of extreme
electrical and environmental service loads would lead to unrealistic conservatism.
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Consequently, the following stresses are considered to occur simultaneously, if not otherwise
specified (see IEC 62155):

the stress of an operating load equal to 70 % of the cantilever operating load specified for
the bushing (cantilever is a force applied perpendicularly to the bushing axis in the middle
part of the bushing HV terminal; make reference to the cantilever table of IEC 60137,
operating loads);

the stress of wind pressure of 70 Pa;

the stress determined by the components of the mass of the bushing which acts
perpendicular to the bushing axis;

the stress of the average internal pressure at normal service conditions;

the|stress induced by the seismic event (Clauses 7, 8 or 9).

These ptresses can either be included in the test or analysis model, or separately‘adddd.

NOTE 1| This combination of stresses assumes that connection lines do not limit the motioh,of the termirjal of the

bushing during the seismic event.

NOTE 2| As this load combination is based on a reasonable conservatism, it is possible that it does not|apply to

each insfallation.

NOTE 2| This combination of stresses will not be used during the vibrationalAests, which are referred td in 9.1.2

(external load), but only for static and dynamic analysis.

10.2 Cantilever test

A cant|lever test can be used to find the highest.pérmissible stress of the bushing to be

determjned.

A cantllever test can be performed on a complete bushing or on parts of it. When testing a
separafe insulator, the clamping arrangement shall be equal to that of the complete blishing.

The tegt procedure shall be in agreementwith IEC 60137.

10.3 Acceptance criteria

The bushing shall insulate and*carry current during and after the earthquake. No| crack,

leakage, permanent deflection or relative movement of parts is permitted.

The bushing is considered‘to be qualified for the seismic requirement if

a)

b)

— |its components”“made by cast epoxy resins, ceramic materials or glasses are not
strdssed over-the 100 % of their type test withstand bending moment, in accordanfe with
IEQ 62217 and IEC 62155,

— |its components made by composite material are not stressed over 1,5 timgs their
maximum’ mechanical load (MML), which corresponds normally to the elasticity Iimir of the
mafenial, in accordance with IEC 61462, and

NOTE Different acceptance criteria can be agreed between purchaser and manufacturer, in accordance to
other Standards or Specifications.

— metallic parts are not stressed above the yielding point by the combined stresses.
Assembly fittings, specially designed for seismic purpose (e.g. to reduce the natural
frequency or increase the damping) may however use friction and ductility in a controlled
way.

By considering the actual stress-strain relationship and stress redistribution, the stress limit
in metallic parts need not be satisfied at a specific location if the stress is a self-limiting
secondary stress or if it is caused by a local structural discontinuity which affects a relatively
small volume of material and does not have a significant effect on the overall stress or strain
pattern.
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11 Necessary exchange of information

11.1 Information supplied by the apparatus manufacturer

When specifying, the purchaser should provide as much of the following information as
necessary, as well as any additional information needed to determine clearly the required
characteristics.

a)

b)

d)

11.2 Information supplied by the bushing manufacturer

a)

b)

Severity

It should be clearly stated if the severity is to be applied to the bushing flange or to the
apparatus base. Severity at the bushing flange is recommended.

Detgitsof mourtting
Pogition and angle of mounting.
Apparatus stiffness

For| qualification by calculation, the stiffness of the bushing supporf(e.g. ampgle of
deflection vs bending moment) and the damping of the structure shall ‘be stated| If the
stiffness of the support is so high and the natural frequency of‘the bushing fan be
expected to be above 8 Hz, it should also be stated that the rest of the structure down to
the|base is equally stiff, otherwise the lower accelerations at high frequencies may| not be
utilized.

Dynamic analysis

Qualification by dynamic analysis is to be made by:the manufacturer of the apparatus
(e.g. a transformer) because of the great amount of structural data required. The
apparatus manufacturer requests the necessary.data from the bushing manufacturgr.

Degign data

In gase of dynamic analysis of the complete apparatus, the bushing manufacturer|should
proyide

— [the geometrical parametersl(i.e. dimensions, centre of gravity, moment of inertja) and
masses of the complete-bushing, and

— [he mechanical properties (i.e. Young and Poissons ratio or shear mpdulus,
flexural/compressiveftensile strength) of the porcelain and the damping ratio| of the
bushing, unless.standard values can be used.

Thg apparatus manufacturer will perform the dynamic analysis and inform the RQushing
manufacturerofithe results to be used in the evaluation according to Clause 10.

Seismic qualification report

A report showing the result of the evaluation performed according to clause 10. Theg report
should.contain a description of the bushing, the assumptions adopted and the [results
obtained. In the report the maximum displacement o the bushing terminal during the
earthquake should be provided.

NOTE A specification may limit the maximum permissible deflection of the bushing head under the specified
earthquake conditions. However, a limitation of the deflection leads to a construction with higher stiffness and
possibly lower damping. That can cause higher stresses and, consequently, lower resistance against seismic
loads. This is especially important for bushings with composite insulators.

Test record

If tests are performed, the report should contain identification of test object, test location,
test equipment, description of the test, results (resonance frequencies and damping) and
significant conclusions.

When qualification is performed according to 9.4, information should be given in order to
justify that the adequacy of the bushing for a certain ground acceleration level is related to
particular apparatus dynamic parameter.
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When reference is made to tests on apparatus similar to the actual, the following information
should be given: description of both with details of their differences, test results and their
extrapolation to the actual apparatus.
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Y
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c 3,2 ——
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3 177 W\
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/ \ f
12 //// \ L\
\
/4 '
0,7 y )
0.2 | | ' -
0,1 1 10 100
Frequency (Hz)
IEC
Figure 3 — Response-factor R
R is the ratio of RRS and ZPA.
Table 5 ~Response factor R
Response factor R
Frequency
H Damping ratio Damping ratio Damping ratio Damping natio
z 2% 3% 5% 10 % and more
0,3 059 0,8 0,7 0,5
1,1 3,2 2,9 2,5 1,9
8 3,2 2,9 2,5 1,9
33 1,0 1,0 1,0 1,0
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Figure 4 — Test with simulating support according to 9.3
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Figure 5 — Determination of the severity
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Annex A
(informative)

Flow chart for seismic qualification

Figure A.1 shows a flow chart for seismic qualification.

1" Information

6.1 Severity at ground

Calculation/Analysis/Test

6.2 Severity at flange

7

8 9
Static calculation Dynamic analysis Test
Annex B
Free oscillation
7 8.2 9.4 9.3 9.2
Time Bushing With simulating With
R ) RRS
history alone support apparatus
7,8,9 Seismic stress

10.3 10.1 10.2

Acceptance criteria Combined stress

Cantilever test

10 Qualification

"

Information

IEC

NOTE Numbers at the blocks refer to clauses and subclauses of this technical specification

Figure A.1 — Flow chart for seismic qualification


https://iecnorm.com/api/?name=c13bbec977094cfff2e2b527d8928a7f

- 24 - IEC TS 61463:2016 © IEC 2016

Annex B
(informative)

Natural frequency and damping determination:
Free oscillation test

B.1 Free oscillation test

The natural frequency and damping can be obtained by a free oscillation test. Gre

at care

should be taken to distinguish between the data of the bushing and the data of the test frame.

The te$t can be performed on the bushing when it is mounted upon the apparatus_ to| obtain

data for the actual application. Due to non-linear dynamic behaviour of the bushing,-i

N order

to obtain correct values on both frequency and damping, the test should prefergbly be
performed with amplitude levels similar to those expected during an earthquake, but low

enough to avoid damaging the apparatus under test.

The bdshing should be mounted as in service condition to the test-frame or appar

atus. A

string ghould be connected to the terminal, pulled with a force corresponding to the eXpected

earthquiake stresses and then suddenly released.

Measufement transducers attached to the insulator and the bushing flange record t

he free

oscilla:lion of the bushing. If the flange also oscillates, this movement is subtrdcted if

frequemncy and damping of the bushing itself are the sought values.

Yy

””"h Voot

[ VVVVVVVVVVRR

>

i

IEC

NOTE represents the number of cycles.

Figure B.1 — Typical case of free oscillations
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NOTE

Yy
ﬁ Yn+1

1

represents the number of cycles.

IEC

Figure B.2 — Case of free oscillations with beats

The exXponential curve in Figure B.1 is the envelope of the peak values. The expd

curve i

h Figure B.2 is obtained by using the least square roots*of-the peak values.

The damping ratio can be calculated by means of the folowing approximated formula:

d(%) =

T < 100
27m Yn+1

The natural frequency and damping should*be measured after a few periods, and bef
amplityde has been significantly attenuated as shown in Figures B.1 and B.2.

The me¢thod described is commonly- used to measure natural frequency and damping
methods can also be used.

B.2

Sine s
of an ¢

Sine sweep frequency search

veep test istan equivalent method to determine the natural frequencies and da
quipment:

nential

ore the

Other

mpings

The sime sweep shall be conducted at a rate not greater than one octave per minute
ordwhich the equipment has resonant frequencies, but at least from 1 Hz, in the two
mmmmmmﬁmmmrl' i i i ings.

The amplitude shall not be less than 0,05 g (an amplitude of 0,1 g is suggested).

range
horizor

A frequency above 33 Hz is not required.

in the

No resonant frequency search in the vertical axis is required if it can be shown that no

resona

nt frequencies exist below 33 Hz in the vertical direction.
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Annex C
(informative)

Static calculation method -
Additional considerations

General

The vibration at the centre of gravity of the bushing is of importance for the qualification by
static calculation (see Clause 7).

As exp
centre
used in
bendin

lained below, there is no simple relationship between the vibration occutring
of gravity of the bushing during an earthquake and the equivalent acCglerat
Clause 7. The value of 4, is taken in order to obtain Mg = apg x d|, x" 'my, that
j moment at the critica% cross-section equivalent to tha% occurring dur

earthquake. The explanation of the relation ay,q = a; x S; x R is given in €.2'to C.6.

C.2

It is as
wave ¢
mode,

— the
— the

C.3

The co
multim

In the

Effect of the first bending mode

sumed that the bushing is equivalent to a clamped-free beam and that the
xcites only the first bending mode. By computatian of this model for the first b
and for a seismic excitation, the following can beldetermined:

bending moment at the base;

acceleration of the centre of gravity of the,bushing (abg).

Determination of S,

efficient S, aims to take into account the effects of both multifrequency excitati
pde response (see definition:ef S_ in Clause 4).

case of a bushing, thefirst bending mode, and possibly the second bending

at the
on abg
jives a
ng an

beismic
ending

on and

mode,

is excied. An increase in. stress of 45 % maximum over that of the first bending nmode is

obtaine
value d

C.4

d by the effect of the second bending mode (refer to Table C.1). As a consequ
f S, between 1i0)and 1,5 without any additional safety margin is recommended.

Value.ofia,q

ence, a

From t||1e above (with S, = 1,5),

abg=af><Sc><R=af><1,5><R

As explained below, apg is different from the actual acceleration at the centre of gravity due
to the seismic excitation.

apq differs from the value measured at the centre of gravity of the bushing excited on the
shaker table with the RRS at the flange level: on the shaker table the absolute acceleration
resulting from the dynamic behaviour of a continuous beam (all modes are involved) is
measured, sometimes with the effect of coupling axes.

Consid

er a single degree of freedom system, as per Figure C.1:
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The bending moment (and stress at the critical(Cross-section) is proportional to the a

accele

=€

Figure C.1 — Single degree of freedom system
uation of motion is

m(Xm”’+Xs’) + CXm’ + KXm=0 or mXm’” =-mXs” — CXumy — KXm

the relative displacement of the mass;
the relative velocity of the mass;

the relative acceleration of the mass;
the input acceleration of the base.

ation and to the relative displacementef the mass.

The flerribility of the system “turret plus-base flange” and of the dampers (if any) will in

rotatio
effects

C.5

Many t
conneg
measu
structu
structu

of the bushing around the base which will sum up to the bending deformatio
are analysed in Table C.1.

Typical seismic response of cantilever type structures

ypes of electricalapparatus may be considered as a cantilever type of structu
ted to the_foundation at the base. Examples of such apparatus are bu
ement trahsformers and surge arresters. The seismic response of this f
re can(be predicted using well-known formulae for the dynamic behav
res.

bsolute

duce a
ns; the

re only
shings,
ype of
our of

The elas

elastic beam deformed by bendlng and that ofa hlnged elastlc rod W|th angularerX|b|I|ty at
the base.

The seismic response is usually dominated by the lowest mode of the structure (exceptions
may be very flexible structures with lowest natural frequency below 1 Hz). SRSS procedure
(square root of the sum of squares) may be used for combining modal response to resultant

design

To assess the bending moment (M) at the critical cross-section,

value.

the commonly used

simplified procedure of applying a seismic acceleration (given by estimated natural frequency
and damping of lowest mode) at the centre of gravity yields a good approximation. See the
examples given in Table C.1.
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The actual seismic acceleration at the middle of the structure is, however, for cases of
distributed mass, clamped and elastic base, not equal to the acceleration of the response
spectrum but lower, typically in the range 0,5 to 0,8 of that acceleration level, depending on
the shape of the lowest eigenmode. For the acceleration at the tip of the structure, a value of
about 1,6 times the response acceleration is appropriate (see the examples given in Table
C1).

The model of concentrated mass and elastic base needs a definition of the spring stiffness
(rotational spring constant) (Table C.1). This value however generally can not be easily
estimated from the dimensions and weight of the bushing. An experimental formula is
reported below.

The loywer portion of a bushing with cemented flange is composed by the porcelain,|by the
cemenf and by the metal flange (Figure C.2).

ad

IEC

F

gure C.2 — Structure at the flange of a-bushing with cemented porcelain [5] [7]

This system is not rigid at it could appear, but the cement allows a certain elasticity if the
bushing is subjected to a moment M

As a cpnsequence it is possible'to define a spring stiffness C due to cementation (pee for
reference Figure C.2), by means of the following experimental formula:

2
C=667x "

where

C i$ the spring stiffness, in MNm/rad;

d is the external diameter of the porcelain, in m,
h is the height of the metallic flange, in m;
t is the thickness of the cement, in m.

For a visual check, a diagram can be built with C as ordinate and the ratio dh?/t as abscissa
(Figure C.3).

When this elastic phenomenon is not considered, generally the calculated natural frequency
of the bushing shows a value slightly higher than real frequency. Validity of this equation has
been confirmed by a campaign of measurements carried out in Japan [5] [7].
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kFigure C.3 — Spring stiffness C in function:of cemented part geometry [5] [7]

C.6 [Superelevation factor K

The amplification factor at the top(of the transformer body, were the bushing ig fixed,
depends on the existence of the transformer body itself and of its foundation (ref. to 6.2 and
Figure @4).

When jf, is the natural frequency of bushing-bushing turret system, f, is the natural freguency
of soiliffoundation-transformer body system, the relation between the ratio f;/f, and the
amplification or superelevation factor is presented as shown in Figure C.4.

These fdata comédfrom Japanese measurements carried out on different transformers [p] [7].

and foundation is of the order of 1,5 to 2, as stated in 6.2.

AccordL[ng to)these results, the superelevation factor given by the system transformer body
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2,2

o 550 kV transformers

/ \ A 300 kV transformers

1,8

1,6

1.4

1,2

0,8

0,6

0,4

Figure C.4 — Superelevation factor due to the existence
of transformer body and-foundation [5]
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Annex D
(informative)

Qualification by static calculation —
Example on transformer bushing

Seismic ground motion

In all calculations of earthquakes affecting bushings, the vertical acceleration shall be applied
downwards in the direction of the acceleration due to gravity. This gives the greatest load on

the bughing:
— hor|zontal ground acceleration, agp,, (ZPA): 5 m/s2
— verfical ground acceleration, ag,: 2|5 m/s?
D.2 [(Critical part of the bushing
When p cantilever test is performed or during an earthquake, the most critical part| of the
bushing is at the insulator base. The two major critical factors*are the risk of oil leakage (see
Figure|D.1) and the bending stress at the insulator base. For this reason, the Hending
momer|ts are calculated at the insulator base.
/ 777777777777777 L\
Leakage
| Ec
Figure D.1 — Critical part of the bushing
D.3 [Static calculation
D.3.1 General
The tr IIOfUIIIIUI talllr\ ;O VUIy hcavy uuulpalcd tU thU bUOh;IIUO, but fIIIItU G:CIIIUIIt (FEM)

analysis shows that the transformer tank cannot be considered as rigid. The ground
acceleration is amplified through the transformer tank to the transformer tank cover with an
amplification factor K. Without background information, the amplification factor K is assumed
to be 1,5 (see 6.2). If the bushing is mounted on a turret, this can be considered rigid.
Therefore, the transformer tank cover and the turret are subjected to the same acceleration:

— horizontal acceleration at the transformer tank

cover/turret (K x agp = K x ZPA): 7,5 m/s?
— vertical acceleration at the transformer tank

cover/turret (K x agy): 3,75 m/s2

The acceleration of the transformer tank cover will be amplified to the bushing with the
response factor R. The response factor depends on the natural frequency and the damping of
the bushing mounted on the transformer tank cover. The value of the response factor R is
taken from Figure 3.
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