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SUMMARY

The seismic tests on Class I electric equipment for the nuclear at
Caorso have been carried out at ISMES in the last two years. The te ed
by the customers, is mainly based on the “IEEE Guide” Std. 344- ed

as follows:
— ration level; determination of
nuous sine) with acceleration

,or at 33 cps if resonances are

Without going into details as to the reliability of the f.r.s. a proper correlation between the
results of the resonance search tests and the f.r.s. is easily made could the panel be considered
a single degree of freedom, linear and viscously damped system. Actually, almost all the panels
show a very complex behaviour with numerous resonances, which, in turn, is highly non-li-
near. To determine the damping value is then an almost unsolvable problem, and the corre-
lation between the test acceleration and the f.r.s. is very difficult. As regards the responses re-
corded in points of the panel, high accelerations are due to local resonances of small non-struc-
tural parts, so that the choice of the gage points should be done very carefully when the overall
behaviour is to be determined. As to the meaning of the ““structural integrity” as a criterion
of seismic adequacy, the question is debatable. Structural damage occurs very seldom, and af-
fects small parts of scarce importance unless fatigue effects, unlikely to play a noticeable role
during an earthquake, are introduced. On the other hand, structural damage may not affect
the performance of the devices placed in the panel, whereas their bad performance may occur
without structural damage to the panel itself. Moreover, the influence of the mounting (weld-
ings, boltings, connections) greatly affects the dynamic behaviour of the panels, especially
when the first resonance frequency is concerned.

On the basis of these considerations, a more reliable testing procedure should be: a con-
tinuous frequency sweep at low acceleration (sinusoidal), to record the behaviour of the most
significant points; a random excitation whose spectrum matches with the given f.r.s., or—for
a more general test procedure—, envelops a number of expected earthquake spectra; to repeat
the frequency sweep to make evident possible differences in the panel behaviour due to im-
portant structural failures.

Criteria for a correct choice of a specimen panel to be tested are discussed in detail.

As regards the devices, the determination of the resonances frequencies is sometimes dif-
ficult (due to the small dimensions of the device its behaviour might be modified by the pre-
sence of the pick-up mass), and in most cases, it has no meaning. In effect, a bad performance
of the device is mainly due to local resonances (of springs, contacts, connections) which can
be discovered only by monitoring.

The tests at 33 cps when resonances are not found have little meaning, because, mainly due
to the non-linear behaviour of contacts and other moving parts of the devices (switch
on—switch off positions), bad performance may occur suddenly at any frequency for lower ac-
celeration levels.

A better testing technique seems then to be to test the device, its performance being mon-
itored, with continuous sweeps in the frequency range of interest and increasing the acceler-
ation, until it ceases to perform correctly.



FOREWORD

Due to the large forces in play, and to the fact it affects the whole structure, a strong
earthquake is indeed one of the most important and dangerous accidents which may occur
to a nuclear power plant. Of great importance as regards the seismic safety of the plant is
the good performance of all the electric and electronic equipment installed. Its continuous
performance must be always guaranteed: for the most dangerous condition in order to con
trol and, if necessary, to shut down the plant; during emergency in order to avoid the activ
ity of the plant itself being interrupted. Despite its importance, the seismic verificationof
this equipment is based on a testing procedure still unsatisfactory

The problem has two distinct aspects. The first is related to the knowledge of the
characteristics of the motion generated by the earthquake at the point of the structure at
which the equipment is connected. In normal practice, this information is supplied by the
so called 'floor responde spectrum' (f.r.s.). The second is to find out a suitable and
reliable testing method, whatever the technique used in order to obtain the f.r.s., and
however reliable it is.

This paper is an analysis of the problems arisen: a) from the choice of the testing
technique adopted for the seismic check, carried out by means of the testing facilities of
ISMES, of panels and electrical components to be installed, by Pan Electric and others, at

the ENEL IV power plant; b)' for the interpretation of the results obtained from the tests.

2, SEISMIC TESTING PROCEDURE ADOPTED FOR ENEL [V NUCLEAR PLANT

The seismic qualification of the electric equipment for ENEL IV nuclear plant has

been carried out according to the following two steps:

a) qualification tests of modular panels, monitoring acceleration levels at component

installation points;
b) qualification tests of components

According to the adopted procedure, panels which may be different from the one
tested (due to possible slight changes in number and type of the installed components) are
considered to be qualified by just testing the new components without requalifying the entire
electrical board. Among the different testing methods (sinusoidal, sine beat, multifre
quency motion) suggested by some standards - as, for example, the IEEE Guides - a si
nusoidal excitation has been chosen to carry out the tests. In particular, the following pro

cedure has been used:

a) as regards the panels, they were tested fully equipped with non operated devices,
or dummy loads, and were mounted on a vibrating table in the same way as they will be

mounted in the plant. Motion was applied in the three orthogonal directions separately.
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A first test consisted of a resonance search carried out with a sinusoidal vibration
at low acceleration level (0.05 + 0.10 g) and with variable frequency between 2 and 33
cps approximately. In many points of the structure, selected on the basis of the probable
behaviour of the panel and near the mounting points of the components, accelerometers
were placed, and the relevant response curves were recorded. When these curves showed
a clearly delineated first mode, that is, when the amplification factor hada pattern as shown
in fig. 1a), on their basis a 'representative point' of the panel was chosen, in most cases
located near the center of gravity of the panel. Besides the value Amax of the amplifica-
tion, the natural period To = l/f0 and damping factor of the structure under test were de
termined from the amplification curve. These values enabled to obtain, on the f. r.s, curve
(fig. 1b) the value ag of the acceleration that the representative point has to reach during
the qualification test. This test was then carried out at a frequency slightly varying a-
round fo’ and with a base acceleration slowly increasing until reaching, at the repre-
sentative point of the structure, the value 2y previously determined. During this test the
acceleration levels at the component mounting points were monitored in order to compare
them with the level each component can withstand without damage. The Pan Electric panels
were tested according to this procedure.
When the response curves showed more than one important resonance, the same
procedure was applied at each of these frequencies. In turn, when clear resonances could

not be found, the maxiinum acceleration value al [loor level was adopted as test input.

b) As regards the components, tests were quite similar and also consisted of two steps.
The component was first fixed on the shaking table either directly or by means of a stiff
supporting structure  The mounting of the component was carried out in the same way as
when in operating conditions on the electric panel. A continuous sweep was performed over
the entire frequency range in order to determine, separately for the three principal axes,
the resonance frequencies of the component. At the resonance frequencies or, if they are
not found, at 33 cps, a vibration test was carried out with input acceleration slowly in
creasing until the level is reached at which the component no longer operates correctly.
During this test the performance of the component under normal operating conditions was
monitored.

As regards the quality control tests, a certain percentage of the total amount of a
given component has been tested at the same frequencies as before (resonance frequencies

or 33 cps) with lower acceleration levels.

3. COMMENTS ON THE TESTING PROCEDURE

In the course of the tests, and depending on the results obtained from time to time,

a number of problems arose about the correct application to the single cases of the recom
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mended test procedure. The three main points under discussion are:
a) the correlation between the adopted test excitation and the given f.r.s.;

b) the criteria used for the analysis of the test results and the consequent assessment

as to the seismic adequacy of the panels and components;

c) the generalization of the test results, that is the capability of the "specimen' tested

to represent the standard behaviour.

3.1. From a theoretical point of view, the correlation between the f, r.s. (which is a de
scription of a random motion), and the sinusoidal vibration (which excites only a single
frequency at a time) is never possible, unless only one vibration mode is considered to be
of importance for the dynamic response of the panel. In this case, the correct correlation

is given, in resonance conditions, by the simple relationship:

1
ar, = C-ybi.—E?-ab

where:

ar.i is the amplitude of the response at point i of the structure
ap is the amplitude of the base motion

C is the coefficient of participation of the mode considered

; is the "amplitude'" of the normalized mode shape at point i
%4 is the percentage of critical damping.

The 'representative point' of the structure under test has to be determined through
the knowledge of the mode shape and the relevant coefficient of participation, as the point at
which C - ¢ = 1. In fact, at this point, the amplification factor of the panel equals thatof a
single degree of freedom system. Generally, this pointis higher than the center of gravity;
it follows that to adopt the center of gravity as the representative point means to increase
the base acceleration and the test becomes more conservative. Anyway, as the results of
the resonance search supply all the necessary data to evaluate the response, the testing
method could be, in this case, fully satisfactory.

However, many tests carried out on a number of different panels show that their
actual behaviour does not meet the above stated assumptions, as the panels cannot be con
sidered linear single degree of freedom systems. In fact, a panel is generally a framed
structure made of steel bended sheets, connected by bolts or weldings in a vertical arrange
ment. It supports steel doors and walls, in and on which are mounted many electrical com
ponents of various types, such as relays, switches, transformers, etc. It is then a rather
complex system of parts with different masses and stiffnesses (figs. 2-3) and its dynamic
behaviour is usually involved, From the tests, in many cases response curves are obtained

which show a large number of resonances even in narrow frequency intervals. Too many
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tests would then be required, and the use of an impractical and expensive quantity of gauge
points, in order to determine the value of the participation coefficient. On the other hand,
as to the influence on the components more than the first mode (which is usually related to
the overall structural behaviour of the panel) higher modes are of importance, which depend
on local vibrations of nonstructural parts (fig. 5).

The dynamic response of the panels is made more involved by their strongly non-
linear behaviour, as clearly shown in fig. 6. Increasing inputacceleration levels generally
cause decreasing values of the peak frequencies and of the amplification, and produce deep
modification in the response. The values obtained for resonance frequencies, damping and
amplification factors during the frequency sweep at low acceleration are no more the ones
in play during the qualification tests, carried out with higher acceleration levels. This is
the main reason for the attempts which have been made during the .qualification tests, in
order to adjust the value ajp, of the input acceleration to the value a required. by the

s
f.r.s., instead of using directly the simple ratio ay = aS/A

max ’
3.2, As regards the interpretation of the test results, itis necessary to take into account
that the eventual task of the panel is to allow the performance of the components. Its

seismic adequacy has then to be judged on the basis of the operative integrity of the devices
it must assure. Of course, the integrity of the component depends on the amplification of
the panel at the mounting point, which is in turn dependent on possible structural degrading
of the panel, due to fatigue effects. This occurred on some occasions during the course of
the tests, owing to the uncertainties about the correlation between input acceleration and
f.r.s. In fact, in many cases - as mentioned above - the qualification value was reached
after a number of tentative tests, and, in other cases, a very high input value was adopted.
Despite this, the tests might have not been conservative, as the determined amplification
may be less than that occurring on an intact panel.

The structural integrity of the electric panel duringand after the seismic test is not
a decisive criterion for judging its seismic adequacy. Structural damage may not affect
the performance of the devices, whereas their malfunction may occur without any structural
fault of the panel. Nevertheless, an essential requirement for the seismic qualification of
the panel should be that its overall behaviour before and after the test remains unchanged,

Another important point for the evaluation of the results, is that, even for input
motion in a single direction, a point on the panel may have a response along three axes.
The choice of the gauge points has then to be made with care, and, at least for the most
important devices, should give a complete picture of the response

As regards the results of component tests, the following considerations can be
drawn. The resonance search is sometimes practically difficult, due to the recduced size

of the devices under test; when possible, it usually puts in evidence the resonances of the
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frame or nf the box into which the device is placed. However, generally these resonances
have small influence, it any, on the malfunction of the component. Its performance depends
in lact on the possible vibrations of the springs, contacts, and connections the component
contains; the resonances of these parts can be discovered only by means of electrical mon
itoring However, should the input excitation give rise toa motion lower than the stroke of
the contacts, which have a discontinuous behaviour (switch on - switch off positions), even
the electric monitoring may not show resonances which actually are present. Of course,
the malfunction search at resonance frequencies or at 33 cps, even at very high acceler
ation levels. does not ensure that malfunction may not occur suddenly for lower acceler

ation at any other frequency.

3.3 The necessity of selecting a single specimen tobe tested among the numerous panels
of a set, caused the problem of the choice ofa panel representing the "average' behaviour,

raking into account the possible differences. Among these should be mentioned:

- (lifferences due to manulacturing, such as welding, bolting, other connecting opera
lions, whose unifolmity should be guaranteed. Weldings having the same external appear
ance should have also the same strength; bolts or screw connections should be tightened in

the same way and have uniform mechanical properties, to ensure the same performance;

differences in number, type, weight and arrangement of components which panels of
the same structure hold. Considerable changes in weight and position may be of noticeable
importance, as they may give rise to new vibration modes, such as torsional resonances,
which may modify the response amplitude in a way difficult to forecast, unless the weight
and arrangement are not very different from those of the tested panel. Similar panels can
be considered qualified on the basis of the testresults of the specimen only when the amount
and cuetribution of the masses are "'more or less'' the same even with different components,
and inew devices are mounted on rigid supports, without modifying the main structures of

the panel;

- differences of mounting conditions of the panels. Sometimes many similar panels
arve joined together to obtain a single electrical board of large size; in other cases a board
alieady tested has to be completed with an additional panel for another installation plant.

Then the prohlem of extrapolating the behaviour of the complete board on the basis of the
1esults of a partial test arises. In particular, the minimum number of panels to be tested
together and their arrangement is a debatable question. It is difficult to provide a general
answer to these problems, and, owing to lack of regulations, at the present level of know

ledge, they should be examined one at a time.

As to the components, the tests are generally made on a specimen which is consid

e ed representative of the set of equipment to be tested. Modularity problems arise also
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in this case: they may sometimes be solved by means of a previous detailed examination
of the modifications introduced into the mechanical structure of the component by the varia
tion of some characteristics, as its nominal current and voltage, number of auxiliary con
tacts, etc. The quality control tests (carried out - as mentioned above - in a statistic
way on a percentage of the total amount of the equipment set) inay simply 1require, espedial
ly when mass-produced components are concerned, the control of the main characieristics

of the device during vibration.

4 CONCLUSIONS

4,1, On the basis of the considerations laid out in chapter 3, which rise from the expe
rience presently available, it is possible to infer that the problem of seismic qualification
of electric equipment for nuclear plants has not yet received a satisfactory definition

Besides the important problems related to the choice of a reliable f r . and of a
suitable testing equipment, which are beyond the scope of this paper, it should be underlin
ed that the use of a sinusoidal excitation makes impossible a theoretically correct correla
tion with the f.r.s. From a practical point of view the problem has been overtaken adopt
ing, in a number of cases, undue input acceleration values

The use of a single frequency excitation at the resonant frequencies to check seismic
adequacy has generally as it consequence the overtesting of the panels with respect both to
the amplitude of the input motion, and to the test duration, as tests have to be repeated at
the main resonances, or in oder to adjust the input to the required f.r s. acceleration,.
Fatigue effects may then arise and sometimes damage the panel

The use of a sine beat motion of given characteristics, as suggested by some stand
ards, does not overcome these problems The resonance search has to be made also in
this case and qualification tests should be repeated for each found resonance Asg 1regards
the correlation with the f.r.s., the same consideration for the sinusoidal inputcan be made
The slight advantage of a less marked influence of an incorrect damping determination is
balanced by the more involved testing equipment necessary to generate the sine heat

For qualification tests, a more convenient procedure, which is in turn more correct
from a theoretical point of view, and supplies at the same time more reliable results should
be, in our opinion, the application to the panel of a random excitation whose spectrum
matches with the given f.r.s. This method requires the use of a rather sophisticated test
ing equipment; on the other hand it does not depend on parameters of uncertain, if not im
possible, determinationand makes immaterial the previous knowledge of the characteristics
of the structure. Tests become simpler, as it is enough to measure the acceleration levels
reached at component mounting points, thus reducing test duration and avoiding possible

overtesting.
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The sinusoidal input should be used better as a research step during the design
stage of the prototype panel, the correct determination of the structural behaviour of which
can in this case be justified.

The problem of finding one or more time histories having a given f.r.s. is still
open; from a practical point of view, however, a too detailed matching of the f.r.s. is not
strictly necessary. In fact, a completely reliable f.r.s. can never be obtained as the
methods used in order to determine it involve generally a number of assumptions regard-
ing a proper definition of the earthquake, a suitable structural schematization of the plant
building, an estimate of the values of the parameters in play (soil characteristics, damping
etc.). In turn, the problem becomes easier if it is considered that the correlation between
time history and f.r.s. should be achieved for a narrow band of darnping values, and, e
ventually, that the equipment manufacturers - for economical reasons - aim toqualify their
products for more than a single plant. In this case, time histories should be used whose

spectra envelop a number of possible f. r.s., and consequently show smooth shapes.

4.2, As far asthe components are concerned, taking into account their different operating
conditions, as they are mounted on panels having very different behaviour, the simplest
and most reliable procedure seems to be to adopt a sinusoidal sweep over the entire fre
quency range, disregarding the resonance search and the vibration test at resonance or at
33 cps. As fatigue effects are unlikely to occur, each sweep should be repeated with in
creased acceleration levels, until malfunction occurs, which has to be shown by means of

a continuous electric monitoring.

4.3. The effect of an excitation in three directions simultaneously is at present a prob-
lem far from being theoretically solved, due tothe complexity and nonlinearity of the panels,
even on the basis of the knowledge of the single direction behaviour; from an experimental
point of view it should require the use of very sophisticatedand expensive testing facilities,

which in reality is not justifiable.

4.4. As mentioned above, also the problems which arise as to the representative nature
of the specimen under test, can not be completely solved at the present stage of available
experience. Whereas a statistic test for the components seems to be suitable in order to
assure their quality (different devices may require, however, different percentages of the
total amount to be tested), the problem is more involved as regards the panel tests. The
standards should establish proper criteria in order to judge when the differences arising
from different number and arrangement of the devices, addition or connection of modular
panels in the electric boards, modify the behaviour with respect to the specimen panel in

such a way as to make necessary supplementary tests.
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DECABLOC type, during
the seismic tests.

ISMES shaking table.

X1/9
A a
a) b)
Fig. 1 a) Schematization of the amplification curve.
b) Schematization of the floor response spectrum curves
(% = percentage of critical damping).
Pan Electric motor control center, Fig. 3 Pan Electric power center on the
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