Some New Instruments used in Earthquake Engineering
in Japan.

By Etsuzo Shima, Teiji Tanaka and Nozomu Den.

In this paper the authors have not intended to make a general report
of the instruments used in earthquake engineering circles in our country,
but have confined themselves to descriptions of those instruments for
which they thewmselves are responsible. Owing to space limdtations only
brief description are given here.

The instruments described here include the seismometers or vibration
meters and similar instruments and vibration analysers. Since the
earthquake engineering at present is mostly concerned with the problems
in civil engineering, the band width of the vibration frequency dealt
with here is confined to the range between a few tens and tenths per
second. The ideal vibration meters are postulated to have so flat a
response characteristic that no corrections are necessary for ordinary
purposes in the frequesncy range required. As for the accelerographs
hitherto used in earthquake obserwvations, the sensitivities are not
high enough for general use and they drop abruptly for aotions with higher
frequencies than 10 ¢/s.

In the chapter 1 of the present paper is described an electromagnetic
instrument to cover such a defect without any use of an electronic
amplifier which may often cause undesirable variations of the amplification
constants. A displacement meter and a dynaamic pressure guage on a similar
principle are also reported.

In the second chapter a type of analyser of irregular wotions is
described. This apparatus automatically sorts different periods of
irregular vibrations into prescribed intervals, and counts the numbers of
occurences of the periods of each groups in a given length of time. In
this dpparatus the class interval of the pericd is taken as almost
constant in the logarithmic scale, and statistical distribution of the
periods in the class intervals are to be obtained in the same length of
time as that of the observations.

In the last chapter is given a description of an apparatus to analyse
automatically similsr irregular vibratory motions by calculating their
auto- or cross-correlation functions., The use of correlation functions
was introduced in the field of comaunication engineering, snd proved%o be
very powserful in the eluclidation of the characteristics of filters and
other networks. In civil engineering problems, structures and soil layers
near the surface may be treated as filters, and the response to irregular
disturbances such as ground trewors can be used to calculate the relevant
correlation functions, which in this case turn out to be the self oscilla-
tions of the structures and others.

1 Seismometers and other instruments By Hozomu Den.
In order to make precise measurements of vibrations of a constrution
during an earthquake, it is necessary to use seismometers which have
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good characteristics in many respects. Firstly, to investigate the modes
of vitrations and strains, it is desirable to record vibrations of various
parts of a construction on the same paper. Secondly, it is well known

in the statisticel seismology that the numbers of earthquake occurences are
proportional to the reciprocals of their magnitueds. Thus the use of
high sensitive instruments for earthquake observations can reduce the
necessary time to obtain abundamt data. Thirdly, the seismometers must
have good linearity, satisfactory frequency characteristics and so on.

The above mentioned requirements must be closely met especially to
study vibrations of constructions which are built on hard rock foundations
usually found at damsites and other places, and have high natural
frequencies.

Having these requirements in mind, we designed the following new
electrodynamic accelerometers, displacement seismometers and hydrodynamic
geuge, They are used in combination with attenuators and an electromagnetic

oscillograph, and the whole equipments are controlled by a transistorized
starter.

1.1 Accelerometers

The horizontal accelerometer DK~3CH shown in Photo. 1.la is provided
with a horizontal pendulum, while the vertical acceleromecter DK-3CV in the
Fhoto. 1.1b consists of a Ewing suspension pendulum with a wertical helical
spring. To each of these pendulum is attached a coil that moves in the
field of a strong magret, and the pendulum is damped electromagnetiamlly
s0 heavily that its forced modion in itself is proportional to the velocity
of the ground motion in a frequency range from 0.3 to 30 cps. The current
induced in the moving coil is thus proportional to the acceleration of
the earthquake motion in the assignad range of fregquency.

The egquation of motion of the pendulum is given by
K5+Dé+Ue=—lH§c—GI (101)

whers © represents the angular displacement of the pendulum due to ground
motion x and influenced by the current I that flows through the moving coil,
and M and X represent the mass and moment of inertia of the pendulum
respectively, while H is the distance of the centre of gravity from the
rotation axis. U and D in the above equation indicate the moments of the
restitutive and damping forces corresponding to unit angular displacement
and velocity respectively, while the constant G is the so-called voltage

sensitivity to the angular velocity of the pendulum as -is indicated by the
following formmla:
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I = Gé / (RC * Rexb ) (1.2)

in which R; and Reyy are the electric resistances of the coil and the
external circult respectively.

It can be shown, in the present case, from equations (1.l) and (1.2)
that the following relation hclds approxizately in the ab ove mentioned
frequency range.

GR
(R - Ryt )

Consequently, the sensitivity of the accelerometer is given by

I MH
5= t——{——! = - (1.4)

which shows that the sensitivity depends only on X, H and G and not on
the natural frequency of the pendului and the resistance of the circuit.
If instead of the output current of the pendulum, a direct current
equivalent to 8 is fed into the input of the attenuator, the overall
sensitivity can be calibrated =asily and accurately.

6w -NHX% (2.3)

The frequency characteristics of these accelerometers are very flat
as shown in Fig, 1.1, The maximum overall sensitivity of these
accelerometers, as combined with attenuators and galvanometers in the

oscillograph can attain 4 mm/gal even when the natural frequency of the
galvanogeters are as high as 50 cps.

1.2 Displacement Seismometer

The horizontal seismometer DK-1CH and the vertical seismometer DK-1CV
are constructed on the same principle with the acceleroaeters described
above except that the masses and the periods of the psndulum of the dis-
placement seismoweters are larger than those of the acce l®ration seis-
mometers, The current induced in the woving coil of the pendulum, which
is damped socaewhat less than critically, is proportional to the velocity
of the ground motion for a frequency above the natural frequency (1 cps)
of the pendulum. This current is led to an integrating type galvanometer
so that the recorded motion of the galvanometer is proportional to the
displacement of the frequency above 1.5 cps where the response characteris-
tics shown in Fig. 1.2 is constant. The waximum overall wagnification of
this instrument attains to 1000 time's which way be reduced by the use of
an attenuator.

l.3 Hydrodynamic Pressure Guage
The dynamic pressure of water in a reservoir, due to an earthquake

motion, will act strongly upon the surface of a dam. This problem was
dealt with theoretically by H. M. Westergaard and others, and experimentally
by several investigators, It is important to measure this hydrodynamic
pressure during actual earthquakes. A new type of a hydrodynamic pressure
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gruge was designed for this purpose.

The cross-section of this gauge is shown in Fig.l.3. It has two vessels
filled with silicon oil. The first vessel is separated from the outside
water by a large bellows of little stiffness, and the second one has a
magnet in it. These vessels are partitioned off by a small bellows, to which
a coil to move in the field of the magnet is attached.

When the hydrodynamic pressure acts upon this gauge, the pressre is
transmitted through the oil in the first vessel and the small bellows, and
acts upon the second vessel. Consequently the silicon oil in the second
vessel is compressed and the coil moves in proporiion to the pressure. ' To
avoid the effects of the variations of the hydrostatic pressure and temperature,
two vessels are commected by a long and fine pipe, through which the oil can

move from one vessel to the other gquasi-statically but not dynamically.

The current induced in the coil is proportiénal to the time derivative
of the pressure, and when the gauge is used in combinetion with an attenuator
and a galvanometer of integrating type, the hydrodynamic pressure can be
recorded. The total sensitivity attains to 200 mm/(kg/ctd).

2 Period Distribution Apalyser for Irregular Moftions By Teiji Tanaka.

For the analysis of irregular motions such as earthquakes, micro
tremors of the ground and noises, the distribution of zero crossing
intervals (half reriods) have been advantagecusly used broadly. We have also
used it sore than one thousand times in the analyses of micro treimors of
the ground and building vibrations caused by such tremors. It is revealed
that maxima ofthe frequency curves of pericds obtained thereof occurs
at the periods of proper or doainant oscillations. This method of
elucidating the characteristics of ground or structural vibrations is
expedient and more feasible than other method of analyses. But to read off
the periods by means of a scale directly from a record is very clumsy and
hence liable to observational errors. -

To evade such an inconvenience, it is desirable to automatize such
a procedure. Instruments for such a purpose have been made and used in
acoustical studies, but their frequency band is quite different from that
in earthquake engineering. So we tried to construct an apparatus for the
analyses of irregular motions in the fregquency band from 20 to 0.4 cps.
The lowness of the frequency band concerned in our problem presented some
difficulties not encountered in the acoustical problems. We have been

able to overcome these difficulties and construct an apparatus which will
be reported in this paper.

The analyser consists of several parts which perform the following
orerations.,

2.1

The vibration recorded on the magnetic tape by Pk system is taken

out as an electrical signal through the-tape reader {with the same tape
speed when it is recorded), and the demodulator.
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The signal can be differentiated or integrated when it is necessary.
The demodulated original signal can be mechanically recorded on a recording

paper, and the necessary time marks for it are to be obtained by frequency-
demultiplying the modulated pulses of 400 pps which may be taken out when
the tape is read.

2.2

This demodulated signal is compressed in amplitude by passing through
the compresser having searly logarithuic characteristies. Then it is sent
through the square wave forming circuit to be converted into a square
wave with a censtant amplitude, keeping the same period as the signal,

On the other hand pulses of 200 pps obtained by the frequency demulti-
plication from 10 ke crystal oscillator are applied to the simultaneous
gate circuit whose gate pulse is the above mentioned siznal of the square
wave. Thus the pulse of 200 pps passes through the gate circuits only
when this gate pulse has positive voltage. In this way the quantization
of the signal square wave is accomplished, and the length of the rositive
interval of the square wave can s measursd by counting the nuwber of
these qQuantized pulses coming out in one train through the gate cirecuit,

The number counted by the counting tubes for 3 digits are classified
by the sorting circuit consisting of ' or gate ' of germaniun diodes and
' and gates ' of heptodes, and distributed asong the 20 writing circuits
of the frequencies in each class.

At the wrising circuit to which the output from the sorting eircuit
is sent, the frequency counter is operated by the trigger pulse which is
generated at the last edge of the positive interval of the signal square
wave. The frequency counter consists of a counting tube and an electro-
magnetic counter, and is able to count frequencies up to 5 digits in total.

The range of the period from 0.05 sec. to 2.5 sec. is divided into
20 classes, whose interval is taken as constant in the logarithmic scale,
as shown in Table 2.1. In the table representative periocds of each class
aean are also shown for convenience' sake of actual usage.

2.3

' In the design of our instrument, special considerations were paid to
obtain promptness and stability of action, and the amagnetic recording
systea was adopted for the recording of the original vibrations and

digital systea for the calculation machanisa. ,

To record vibrations, rectangulal pulses are pulse-width-modulated
( FM ) by the output signal from the transducer having the proper period
of 1.0 sec., and then recorded on a magnetic tape. The repetition
frequency of the pulse and the recording speed of the magnetic tape are
400 pps and 19 cm/sec respectively, The block diagram of the whole appa-
ratus is shown in Fig. 2.1.

Pig. 2.2 illustrates tkhe block diagram of the analyser, and Photo.
2.1 shows its appearance.
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~nis is a brief outline of the principal operations of our analyser.
An analyser for voice based cn the sizilar principle has alieadycgeix;“.
zade (L. But the frequency band aimed at in our analyser is mu o
er than %he woice-analyser, and classificatlox} systesx has to be ma
elaborate and we had cany difficulties in design and construction.

Some exasrle of the frequency distributions of th? peric?ds of micro-
tre.ors Zeasured in structures and on the ground by using this analyser
are shewn in Figs., 2.3 and 2.4,

391

Completion of this analyser shortened the tize required for thef
analysis of the frequency-period relationships to one-tenth of that for
crevicus sspual operations. And at the same tiue, personal errors
inevitably accocranying manual work have been able to be ellm.rmtegl. .

At present this aenalyser is conveniently used chiefly for 'f.he elucidation
of pericd eharacteristics of the ground and the proper period of structures
through the seasurezent of the wicrotremors.

me writer wishes to express his deep thanks to Dr. K. Kanai for
his xind guidance in this work.

3 Automatic Correlator By Etsuzo Shima,

To study the earthquake vibration of s structure up to its failure,
it is necessary to treat the structure as a non-linear system. But our
present xnowledge on the characteristics of the structural materials and v
the pertinent theory of vibrations of such a systeam in such a state of high
strain is toomeagre to warrant adegquate solution of the probles in question.
Since our primary object of study in earthquake engineering is to prevent
the breakage of the structure, the modes and characteristics of structural
vibrations in the linear stage are no less important, and constitute
indispensable premises for the non-linear theory. It is wellknown that the
rescense of a constant parameter linear system for an arbitrary disturbance
is to be cbtained by the Fourier's double integral or a convolution

integral, provided we know the frequency or impulse response functions of
the systex.

To know these vibration characteristics, experimental approaches have
been wade, but being too elaborate as they are, more feasible approaches
have been sought and found in the analysis of the responses of the
shruc’cfzre to irregulsr natural disturbances as sdcrotremors due to artificial
and other causes. Recent progress in the theory and techniques of
cozmupication made it possible to solve the probleam very easily. The
mpst powerful weapons found in the cowmunication theory are the harwonic
analysers apd correlators. The period distribution analyser reported in
the preceding chapter is another which is sosewhat sizdlar 4o the harmondc
analyser. The correlators or the instruments to calculate correlation
functions play very important roles in these fields and proazise a very useful
arplication in the vibration theory. In view of these facts we constructed
a zodel of an autcmatic correlator and used it for the analyses of ¥ibrations
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of civil engineering structures and grounds for the same purpose., In the
following a brief explanation of the theory, construction and applications
of the correlator will be given.

3.1 Theoretical Background

It is well-known that the output y(t) of a constant parameter linear
system for the input x(t) is given by

(&) = f:;x(-r) x(t-7) d= (3.1)
or ‘
y(t) =.5!,;L§(w) dwj_z(('t) eJw(t-7) g, (3.2)

where h(t) and H(w) are impulse and frequency response functions
respectively, and in themselves constitute a Fourier transforwm pair,
that is

Oo
Hw) = [ h(x) e~3 an, (3.3)
and
h(t) =L E(w) eIt du, (3.4)

Now our present problem is to find h(t) and H(w) of the structure,
and the sizmplest approach to it is the experimental application of an
impul se x(t.s):xo \A‘(t.sD (&(t): &-function) or a simple harmonic force
x(t) = Xo edot to the input. But the response y(t) to the most irregular
stationary ergodic random process x(t) can also yield a very important
information of the system if properly snalysed, as will be shown below.

It has been proved that the power spectral density functions W 1(“') ’
Woo(w) and Wl2(w) of the input and output are related each others t%rough
the frequency response function H(w) af the system by the following formulae

T22(w) = |H®)| % W1 (), (3.5)
and

Taw) = HW) WiW@), (3.6)
while the W(w)s are the Fourier transforms

Hi3@) = E’ﬂ,(r) e~JWT 47 ' (3.7
of the auto~ or cross-correlation functions

Pi(v) = ;r E:(t) x(te1) dt, (3.8)

$22(0) = —lzi“ﬁ'(t) y(t+) at, (3.9)
and

Po(T) = —%—T—Lx(t) y(ter) at (3.10)
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respectively. We can therefore know the frequency response fux.lct.ion of'tho
systen H(w) by the equations (3.5) and (3.6) from the correlation functions
(3.8), (3.9) and (3.10) through the Fourier tramsformation (3.7).

As the inverse Fouriner transform of (3.7) is

Pi30) = 3= I: Wig) eI aw, (3.12)
we have

200 =2 [ B) Wy @) oI aw, (3.12)
and

00 = S [ @) myy ) o9 e (3.13)

from which we can easily deduce the following formulas, when the input is
white noise, that is Wll(m) = const. = C.

Fia® = &g [ B@) oM awz cnm, (3.14)

0
and

20 o :
c * Jur I
Fao(z) = "z‘iLH(“’) H(w) e dw= C “h(t) h(te) dt
=0 Ppp(n). (3.15)
In the above equation, H'(w) denotes the conjugate complex of H(w).

It can be shown when

h(t) = A =%t sinyME@ t 0gt (3.16)
that = 0 o7t

Fon (V) :4..2_% e~8T cos({nE T-8), (3.17)

tanb = e/{ .

It will be worth noting that the auto-correlation function of the omtput
or the cross-correlation function of the input and output of the linear
gystea responding to the input white noise is by itself the free oscilla-
tion of the system, so that we can easily determine the proper period

and the damping of the linear system from 922(1:) or ?12(1) easily.

3.2 Principle of Construction

To calculate the correlation functions defined by the equations
(3.8), (3.9) and (3.10), it is necessary to use values of f(t) and g(t)
at different tiues repeatedly. It is therefore convenient to have these
values memorized, so that they may be easily recalled.

To comply with the requirements we used electric signals of analogue
type for f£(t) and g(t), and adopted the maghetic recording method for the
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electric signals. Considering the high fidelity in the asplification and
recording as well ar feasibility in the calculation of the products
and integrals involvea iu Lne correlation functions, the electric signals
were pulse-width modulated and used in the calculation as such for one of -
the f(t) and g(t) while the other being demodulated back to the original
znalogue fori.

Since four values f£(t), g(t), £(t+r) and g(t+x) are involved in the
calculations for 0%, and magnetic heads for recording and reproducing
are finite in their magnitudes, these four vslues are to be recorded
simultaneously in separate tracks on a single tape. fHe therefore used a
tape 1 inch wide, and placed two heads of f(t) and g(t) parallel at a
position, and the others for f{t+%) and g(t+t) also parallel at a
different position.

By changing the length of the tape lying between these pairs of heads
little by little in the reproducing process, we can obtain (£(t) or g(t)
and f(t+t) or g{tet) of variable ¢ simultanecusly, and the requirement
for T that o& T is thus secured.

The snltiplication of say f(t) and g(t+x) is made by chopping the
dexodulated signal g(t+t) by the pulse width wmodulated signal of f%t) s
so that we can have trapezoidal pulse, repeating according to the sampling

rate of the pulse width modulation. As the height and width of this pulse

is proportional to the g(t+t) and f£(t) respectively, the electric charge
transported by this impulse is proportional to the product f(t)°* g(t+1).

de can therefore have a point of the correlation function $12(t) by integrating
the charge of these impulses. This integration is made by ameans of a condenser.

Cur analyser is based on the above principle, and is so made as to
perfori these calculations automatically, and record the integral, say

t
ff(t) g{tsr) dt = P,V
(]

automatically up to t = T-% , and to stop at the end and to return to the
initial zero position. It then renews its function after inoreasing the

value of T by a prescribed awount. All these processes are repeatsd
autowatically so that we can have the desired correlation function by
drawing an envelope of the recorded P(%7)curves,

3.3 Actusl Construction

The photograph of our apparatus is shown in Photo. 3.1, and its block
diagraw in Fig., 3.1. ;

It consists of four unit.s, a) memory unit, b) delay time controler,
¢) reproducing and calculating unit and d) recorder.

Specifications are as follows:
1) Input signal : 0.5V (p-p} , C~20 cps.
2) Input 'resistance‘ : 5K,
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3) Dewodulated output : 1V (p-p), G ~ 100 eps.
L) Output resistance : 5Ka,

5) lagnetic tape

% inch wide, 3x long endlessly rasted.
6) Tape speed : 8 ca/sec for recording, 4O ca/sec in reproducing.

7) Power consumption : about 100 watts.

Now let us explain in a little ..ore detail each of the units of our
apparatus respectively.

a) bemory Unit

The input signals are anplified by the transistorized DC preacplifier
and are modulated by the pulse width codulation systew. The pulse width
modulatsd siznals are derived easily by changing the slicing level of the
saw-tooth waves in rroportion to the input signal. The saw-tooth wave
generator is contained in this unit, and the repetition frequency of the
waves (which we call "sampling rate") is 120 tiuwes per second. The modulated
signals are amplified once iore and fed directly to the awagnetic tape
recorder. To comply with the above requirements, two pairs of sase signals
of £(t) and g(t) are recorded on the tape at different rositions on the tape
as shown in Fig. 3.1, So, four tracks are recorded on the tape simultaneously.

b) Delay Time Control Mechanism

The delay time " T " between the two time functions, 1s obtained by
changing the length of the tapé lying between the fixed heads.
This operation is accomplished as stated bellow (see Fig. 3.2).
i) a piece of tin-fcil, lcm wide and 3.5cm long, which is sticked on
the endless tape, passes by the contactor 1, and i.ake a circuit, by which
ii) a contact signal is sent to the relay, to stop the driving the
wagnetic tare.
iii) At the same time, a wotor to shift the iovable guide roller down by
.8 prescribed awount is .wade to work for a moment. By this operation, the
length of the tape between the two fixed heads is increased. "
iv) After completing this action,the circuit to drive the tape is made.
v) Then the tin-foil contacts with the contactor 2, and the next
calculation is started.
Thus, the whole cycle of calculating () is repeated autouatically. And
at last the usovable guide roller slides down the whcle length of the delay
tize scale, when a contact amker breaks the power circuit, and the whole
function of the correlator is stopped.

In our apparatus, available delay tixe increments at a tiwe are 1/4Csec.,
1/80sec. and 1/160sec. respectively. ie may select a suitable one of these
incresents for the frequency characteristics of the input signals. And, if
it is npecessary, we .ay also select arbitrary delay times by the manual
shifting of the guide roller. :

¢) Reproducing and calculating unit.
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In the calculation process, we first reproduce two of the four recorded
signals from the tape, depending on the problem. For instance s if we want
to calculate an auto-correlation function, we reproduce f(t) and fter).
or g(t) and g(t+¥). In the case of. & cross-correlation function
we reproduce f(t) and g(%+T) or f(t+7) and g(t). Because of the differential
characteristics of the reproducing heads, the pulse position modulated signals
are derived from the tape as the outputs. And we change them again to the
pulse width modulated signals for convenience sake in the latter calculations.

Now the multiplication of the two functions is explained. This is
done as follows: (As an example, we will explain the case of cross-
correlation function of £(t) and g(t).)

. 1) Guae of the signals, say g(t+%), is demodulated by the low pass
ilter.

i1) And chopping this by the other pulse width modulated signal, we
obtain a series of trapezoidal pulses whose height and width are propor-
tional to g(t+t) and f(t) respectively. :

iii) We sent this waves through the low pass filter.
By the output current of this filter, we charge the condenser during one
cycle of the calculation.

Now the voltage across the condenser is proportional to a value of the
correlation function between f(t) and g(t+%) for a given Y. This voltage
is amplified and the result is fed to the recorder.

In our apparatus, KR~type penwriter of YEW is used as a recorder. At
every end of the calculation cycles the tape is stopped and to prepare for
the next cycle, a condenser is clamped by a constant voltage and the pen
swings back quickly to the zerc position. The necessary time of one
calculation cycle, is about 7.5 seconds. In this way the calculations are
repeated over and over again untill the delay time "t " between the two
functions becomes large enough. The results of these calculations are
recorded with constant intervals on a sheet of paper driven very slowly,
so that the correlation function is easily given as the envelope of these
curves.

Theeretically, the value of the auto-correlation function should be
maximuc at the zero delay time. But from the practical point of view, as
we use the low pass filter, the time lag of the physically realizable low
pass filter should be considered. In our apparatus this time lag is about
6.5 milli-seconds. And we may say that this value is constant in the
frequency range of interest.

At the end of this article, we had better to note that, because the
circuits of this apparatus are all transistorized, the whole equipment is
made smaller and lighter than any other which has hitherto been made.

3.4 Calculated Examples ’
In Fig. 3.3 and 3.4, the exsamples worked out are given, Fig. 3.3a

and 3.3b are the examples of auto-correlation functions, where the input
signals are derived from the very low sine wave generator (0scillator).
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These examples will show that the correlator works satisfactorily. To test
the stability of the function of our correlator, we calculated at different
times frow the same record the auto-correlation functions of the udcrotreanors
observed at the 2nd floor of the Earthquake Resezrch Institute. The results
which are shown in Fig. 3.48 and 3.4b are exactly the sase, and this shows
that the correlator works very stably. Fig. 3.5a through 3.5d are exaagples
to show the validity of the above mentioned equations, that we can obtein
free vibrations of structures by our apparatus froa microtrewor observations.
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Some New Instruments Used in Earthouake Engineering

Frequency

40
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Fig. 2.3 An example of result of andlysis of period-frequency relation-
ships in sicro-tremors observed on ground.
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Fig. 2.4 An exaaple of result of analysis of period-frequency relation-
ships in vibrations at the top of a building due to micro-
tremors at ground.
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(1) Recording head A,
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Some New Instruments Used in Earthquake Engineering

Fhote. 2.1 Appearance of period distribution analyser.

Photo. 3.1 The automatic correlator.
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Table 1.1 The Constants of Seismometers
Type of Seismometer | DK~1CH }DK-lt‘}V DK~3CH DK-3CV
Component Hor. Vert. Hor. Vert.
X | gr-em? 1.84x10° | 1.84xi0° | 5800 5800
M | gr 2400 2200 440 300
H lem 7.3 8.2 2.2 32
Natural
Freq. cps 1.0 1.0 3.0 3,0
Sensi | Volt/kine 0.27 0.27
tivi ‘
RARNTVER 15 15
Coil
Resist. | d1 10 10 121 121
Teble 2.1 The Classification of Period
No. Representative of
Period {sec) Period (sec)
1 0.05 0.05
2 0.06 0.06
3 0.07 0.07
4 0.09 0,08-0.09
5 Ooll 0010“'0011
6 0.13 0012‘0014
7 0016 0015-0'17
8 0.20 0.18-0.21
9 0.24 0.22-0.26
10 0.30 0.27-0.31
11 0.37 0.32-0.39
12 0.45 0.40-0,49
13 0.55 0.50-0.59
14 0.67 0.60-0.74
15 ¢.82 0.75-0.89
16 1.00 0090"1009
17 1.20 1.10-1.29
18 1.45 1.30-1.59
19 1.80 1.60-1,99
20 2.25 2.00-2.49
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