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1. Introduction.

A simple and ingenious magnifying mechanism, known as ¢ Eden’s
twin strips ”’, has been used chiefly for comparators of high sensitivity
such as the Millionth Comparator. So far as we know, it has not been
used for the measurements of vibration. However, it is a matter of
practical interest to find useful applications to such purpose because of
its outstanding advantages which include freedom from backlash and
solid friction, high magnification and simple construction. After some
preliminary investigations, it was found to be available for suech pur-
pose to the best advantage. Hitherto we have found a broad applica-
tion in the field of the vibration-measuring instruments such as a
vibrograph®, an accelerograph®, a torsiograph®, a vibration table®?, and
a penmotor® and others®. It has given satisfactory service in a con-
siderable variety of applications over a period of about five yvears, and
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this fact has encouraged the writers in preparing this paper.

The present paper describes its statical and dynamical characteris-
ties which is determined theoretically and confirmed by the experiments
using a vibration table, and furnishes sufficient informations for pur-
poses of designing.

2. Statical Characteristics.

In Fig. 1, suppose that the twin strips are in equilibrium under
the action of the known external forces P,, @, and couple M,, and the
member B,B, is massless and absolutely
rigid. Then, the resultant of all exter-
nal forces acting on a recording pen (or
a deflecting mirror) can be completely
defined by P,, @, and M,. Let P, @ and
M denote the longitudinal foree (restor-
ing force of the twin strips), the shear-
ing force, and the bending moment at

Fig. 1. the clamped end A,, respectively. The
signs of these quantities are defined as positive as shown in Fig. 1.
Let EI, denote the flexural rigidity of strips, 6 the displacement of
the clamped end A, from its equilibrium position, ¢ the slope of strips
at the end B, (2,=0), Y the deflection at the same point, and [ and D
the length of strips and the distance between both strips, respectively.

Taking coordinate axes, as shown in Fig. 1, and denoting

P'=P+P,, Q=Q+Q,, M=M+M,,
the differential equations for deflection curve of strips may be written
in the form

&p P Q. M
2 =t
doe  ELY T ELT R

@y P __Q M

dzy EL Y EL " EIL

2

and
M'=M —PD+ P, Y —Q0—Q,l .

The solutions of these equa_tions satisfying the conditions at the
clamped ends are

yl——FCOS mﬁm ﬁ‘/TSIH i sx1+Px1+P ’




Part 1.] Edews Twin Strips. 89
which, for small values of P and ,/ 1?;2
: _E]Ei%z{l_%z Ezs)”f 3—20 EI>m14—"“}
}?Is %{1_%( é)x 840(EI) } """" (.1
%= _zgl %{1 +il'2<%>x +360( ) o }
_gls%f’{uzl—o(g}s)xu%o EI)“‘”’““} ......... (1.2)

Case (1) Py=Q,=M,=0:

Let us begin with a discussion of some particular ease in which
the problem is simplified. If we put P,=Q,=M,=0, i.e., if there are
no external forces and couples, the expressions (1.1), (1.2) can be

reduced to
+gls%3{1—2io 51)35124—....}, ........ (1.3)
%= ElI x2 {14'12(1&%8) “‘Z“L"”}
_glsféf{1+2l0(§ls)x;+....}. ........ (1.4)

First, keeping only the first term in the expansion, we can readily
obtain the following approximate expressions:

p=2Lg. {1+ (D)o},

D 2\l
e=-22 30V, (1.5)
M= EZIS 0{14—2(1;)0}. ‘
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Next, keeping the first two terms in the expansion, the expressions
(1.8), (1.4) beecome

o1, 5 1) )

Y=

........ (1.6)
1 @ { < P 2
= M+PD+Qs)41
v=gr g (TMHPDHQI+ 5 EI> }
_Q.xj{l 1(P)2 1.7
EL 6 +2O 38 x_,} ........ 1.7)
The geometrical relationship at x,=a,=I
W\ (W —tan o~
(dxl) ( dxz) tan0~0 ..en.... (1.8)
gives
M, PM T Q r_ PQ P_
El, (ELy 6 EI 2 (ELp24 °
L (~M+PD+Qs “(=M+PD+Qs
EI( Q)+(EIS) 6( Qo)
Q »_ PQ I'_
TEl 2 (EL} 24
from which we obtain
{ PZD P*D l“}
MeARET: s e (1.9)
z {a L P zs P T }
EI,'12 (EL)* 36
~a PBD  PBSG  PU'D  PI°D
2= B, { —U0+00+ g+ SR, sELy _144(Els)2}
l ‘1 P P Po z*}
EI,’12° (ET)*'36
........ (1.10)

From the geometrical considerations, we con see that
0+ AB/=Dsin0+A4,B, ,

or
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and
¢ y1m1=l+D cos0=D+Y,
or
. o —y=2e. L (1.12)
9}1 2

From the expressions (1.6), (1.7) and (1.8), we obtain
M. Q. F _PED _QPs _ PU'D PQUS _D g

+
EI; EI 3 2EI, 2EI, T 24(ELYy 24(EIS2 2

Introducing the expressions (1.9), (1.10) into Eq. (1.13) and using
the expression (1.11), we obtain the equation from which the restoring
force P has to be determined. Thus

D 1D D . D, B
P)—— P pyptD p D Pyp,
SP)==gm@mry * Trawny T T eEL T 2 3

21,

Let the approximate solution of fF(P)=0 be ( = o+u), in which

we know that u is small. Therefore the equation f(P)=0 becomes, on
neglecting powers of u beyond the first,

(2280 (2520,

whence an approximate value of u is

) s, e O
(o) b5

Consequently, the approximate expression for P Dbecomes

* p_2EL 411, { ( ) 36( )} 0 ;(’,‘(1;“0)

D ZD
-5}
and introducing this into Eq. (1.9), (1.10) we obtain

Q—2EL { 3() 12(%)2}=2_E‘£§.02.‘@,
R B
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and

M=I§_Is.0. 1_;_{%(70)4_%(2%)}0 =E1_s.g.(1+ﬂ9) ,
s}t |

in which «, 8 and 7 are factors depending only on the ratio {/[D. 1In
Figs. (2), (8) and (4), the values of these factors are plotted against
the ratio {/D.

Referring to Fig. (1), we see that the instantaneous center of
rotation of the recording pen coincides with the point O where
the tangents at the end B, and a,-axis intersect. Then, the geo-
metrical relationship gives

7 __ Y =i L _ l p 2
OB =40 ~alenL M+PD+Q‘”{1+12<EJS>Z}
QU 1/ P A7 1 .
B 6EI, {1 +%(ﬁ)l }]_E approximately.
o 2.6
6f - %
OF——
5 10 15
4
2
2
% 4
0 3 0 5
Fig. 2. Fig. 8.

Accordingly, the center of rotation of the recording pen remains
stationary at the point having the coordinate x,=l1/2 and y,=0, i.e., at
the mid-point of OB,’.

In order to determine the validity of these expressions, detailed
experiments” were carried out, and the experimental results confirmed

7) The results concerning the experiment will be reported in the Journal of the
Faculty of Engineering, University of Tokyo, which will be published in the
near future.
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P, Q and M with the results in
the expressions (1.5), we see that, ¥
for small value of /D(/D<1), 3

v the first approximation differs
very little from the second approx-
imation, and that the first ap- 2
proximation differs from the second
approximation only by small
quantities of second order, so far 1
as the expressions for P and M
are concerned.

93

the validity of these expressions. On comparing these expressions for

Case ) Py, @y My><0. U 5 10

. . Fig. 4.
In this case, keeping only the

first term in the expansions, Eq. (1.1) becomes
_M 3, Q

“TEL 2T EL 6

1 22
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Y E136( o— M+ 0Y + Qb +Qul)

_G @ Q &

EI, 2 EI, 6°
The geometrical relationships (1.5) and (1.8) give
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Solving these equations for P, @, M and Y algebraically, we obtain
the following approximate expressions for P, @, M and Y :

P2Ehfu 3 B)r} 02 o

* P;t?o '2421 °ﬁﬁ{ 2 ( D)a}

_3EI, D)‘-’ .. Q
= d I E 1
@ "D '\ + 2’

M=EZI 1“2(5)0} + %,

l 1/D
o= o3 (7))
2 2\ 7)1 Yo 24EI
For small value of (D/l)-0, we can neglect the term containing
(D|l)-0 compared with unity. In this way, we obtain the simplified

expressions

2E1

il 7

(D + D 2 D D 24F1,

q--%_3EL (DY,
2 (D

P=

b

{

Q0l+ 80

y="Lygy Q¥
2"V oumT

In our further discussions, these simplified expressions for P and
Y shall be used for the derivation of the equation of motion for the
twin strips mechanism.

3. Dynamical Characteristics.

The twin strips have such a wide range of freedom that the
rigorous discussion of their dynamical characteristics is a matter of
great difficulty. However, from preliminary experiments using a vibra-
tion table, it was ascertained that, for an increasing forced frequency,
various kinds of resonance, involving a local resonance of strips, occurred
successively, and that, under the tacit assumptions that the ratio (/D)
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is relatively small ({/D<5) and the center of gravity of the recording
pen situated in the vicinity of the center of rotation of the twin strips,
the first resonance occurred close to the resonant frequency correspond-
ing to that of the shearing vibration of the twin strips, the mode of
which is shown diagrammatically in Fig. 5.

Hereafter we will describe this resonant fre- D, 4 _.oooooooooo._ .
quency of the shearing vibration as the T—';} ,’0—... e
natural frequency of the twin strips. Accor-

dingly, the working frequency of the twin Fig. 5.

strips, i.e., the frequeney at which the twin strips can be regarded as
a perfect magnifying mechanism, should be lower than the natural
frequency of the twin strips. From these considerations, when we
restrict our discussion to the frequency range smaller than the natural
frequency of the twin strips, the following two assumptions may be
acceptable: (1) The mass of strips can be neglected, (2) the angle of
rotation @ of the recording pen is always proportional to the displace-
ment ¢ of the movable end (D=9s).

Now, in Fig. 6, the general arrangement of the vibrograph with
Eden’s twin strips is shown sche-
matically. The seismic mass (A) is
suspended to the base plate (B) by
means of the main springs (C),
having the damping apparatus (D).
The direction of motion of the
seismic mass (A) is restricted to A TN, N A
one direction (x-direction) entirely
by a suitable guiding device, not @ \é @
shown in the figure. The recording
pen (F) attached to the twin strips Fig. 6.
mechanism (E) gives the trace of vibrations on the recording apparatus
(G). The twin strips perform the function as a magnifying mechanism
and at the same time produce the additional restoring force, in addition
to that of the main springs.

Let us take, as shown in Fig. 6, the moving coordinate to be (w, ¥)
fixed to the base plate and assume, for simplicity’s sake, that the center
of gravity G of the recording pen lies on the tangent at the end B,

and at a distance » from the end B,. Then the coordinates of the center
of gravity G are

x=rcosf, y=Il+rsind+Y.
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Considering 0 and its derivatives with respect to time as small
quantities and neglecting terms containing products and powers of small
quantities, we obtain

=0, éjzré + Y.

Let m denote the mass of the recording pen, I the moment of
inertia of the recording pen with respect to the center of gravity G,
P, and Q, the component of the reaction force at the end B, in a-and
y-direction, respectively, M, the reaction couple at the same point, P
the reaction force at the clamped end 4, in z-direction, and v, and v,
the component of the displacement of the forced vibrations in x- and

y-direction, respectively. With

¢ the arrangement shown in Fig. 6,
Ux v, corresponds to the displacement
i . of the vibration to be measured.
Furthermore, let the member B,B,
be massless and absolutely rigid,
Q Mo . / as before. Referring to Fig. 7a,
° =mVy the equations of motion for the
Fig. Ta. recording pen can be written in

the form
MmE=—Py—mi,=0, .oece.. ceeesanesnses (3.1)

my=mr0+Y)=—=Qu—=mMby, +verreenenr. (3.2)
I0=Qur+My—Pyrf. «veveveeveenearnnns (8.8)

Next, let M denote the mass of the seismic mass, ¢ its displacement
from the equilibrium position, % the
spring constant of the main spring,
and R the damping constant. Then,
referring to Fig. Te, the equation
A: , X of motion for the pendulum can be
written in the form

Mo+ RS+ ko + P=— Mé,.

The above assumptions give
o0=D4,
from which the equation of motion for the pendulum can be reduced to

MDO+RDO+EDO+P—=—Mbye veveenennn. cee (8.4)
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Referring to Fig. 7b, as derived above, the approximate expressions
for P and Y are

%
2EL, , M, Qi &
P= 29 2 X 4 PQe——
D "D 2D °Q°24EIS 10
l Bz M"
FPy——0, ciieenccans 3.5 4, v =
55 (3.5) \T‘AJ_;;‘;"Q“%—‘ e
D 2
Y=-v ............ 3.6 A
Lyva L. 6o b
Eliminating P, Py, @,, and M, from the Fig. Tb.

equations (3.1), (8.2), (8.8), (8.4), and the expression (8.5), and using
the notations

L=1/2+r=distance between the center of gravity G and the center
of rotation O,

K=IF+2EI|(ID*)=effective spring constant,

we, after neglecting TZ% v, and K]g ——%, compared with unity, obtain

i(mp+ L I +m—7'L>+RDO+ YV L+ KD0=—M,—5, " L. (3.7)

Eliminating @, from the equation (8.2) and the expression (3.6), we
obtain
_lg_ by mE o mE oy
2 24FI, 24 EI 24E1I,

Eliminating Y and its derivatives with respect to time ¢ from the
equation (3.7) and the expression (3.8), and using the notations

I I i
M=M+L, M=MrnL, o=,
=M Yoty P ouEr

we obtain

M05’+Ré‘+é(K +l‘.’i)+@é+50=—]‘li};——]‘£7}x—ﬁ L 3.9

P A D" Dp  Dp

Eliminating 0 and its derivatives with respect to time ¢ from the
equation (3.7) and the expression (3.8) and neglecting % 7%[1 v, com-
pared with unity, we obtain
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K Ml?')'
P p 2D 7

MY + RV + Y(K+ ; )+R v+ K

+Jl‘)—4 (M, mDLT) — Ry, — K(1+K gz By e (3.10)

Thus, after disregarding all non-linearities, we obtain these two
linear differential equations from which the dynamical characteristies
has to be determined. In analysing these differential equations, it is
convenient to distinguish between an acceleration seismograph (accelero-
graph) and a displacement seismograph (vibrograph). In a displacement
seismograph, on account of its low natural frequency, the restoring
force is usually limited to within a relatively low limit. Therefore, the
additional restoring force of the twin strips also must be small, and
this requirement is not consistent with the demand for a wide working
frequency range of the twin strips. In an acceleration seismograph, on
the other hand, its considerably high natural frequency enables the
twin strips to perform their proper function up to the maximum
frequency which can be measured without difficulty.

Case (1) Displacement-Seismograph

Now we will consider the forced vibration only and disregard the
transient free vibrations and assume that the forced vibration is a
harmonie vibration with circular frequency w. Then we can put

v,= V, el
v, =V, e/,
0=0,¢6"¢"'=0Qe',

Y=YnePe’* =Yg,

where « and £ are a phase angle, & and 9 being generally complex -
numbers.

Introducing these expressions and their derivatives with respect to
time into the equations (3.9) and (8.10) and introducing the notations -

=l

5 ——natural frequency of the pendulum,
T

foe 1 /24EL_ 1 /1 _opiral frequency of the twin strips,
27V "mlP  2x P

f=w/2z=frequency of the forced vibration,
u=f*[f=frequency ratio,



Part 1.] Eden’s Twin Strips. 99

p=flfy=~frequency ratio,
and

h= =damping constant,

we obtain

{(1—p2)(u2—1+jzhu>—w<z‘—fe—;l%)}

0

2,[{1+Me =D} + yZhu-%—u(l-l—?Z, 2D”)]

—pV, {(1 — (=14 52hu)— ﬂz(MeMoMo )}
.......... (3.11)
o - Lev.a-m
{(1 — (P —1+52hu) — #z(M__;I_D]Wu)}
L.y
- L : o eesess .
{(1 — 1) —1 4+ 52hu) — /l?(Me_Z—l—lo% )} (8.12)

From these expressions, the amplitude @ and 9 of the foreed
vibration can be calculated for any value of z# or . In a displacement
seismograph, it is essential that the natural frequency f* of the pendulum
should be lower (slower) than the minimum frequenecy to be measured
and the natural frequency f, of the twin strips higher than the maximum
frequency to be measured. The natural frequency f, of the twin strips,
therefore, should be very much higher than the natural frequency f*
of the pendulum and g, for low frequency near or lower than the
natural frequency f*(u=>1), can be considered as small quantity. Con- "

sequently, the expressions (3.11), (8.12), for small values of %—%’

0

and 277 which we usually have, can be expressed in the approximate

form
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a .
_ . 2D
(u*— 14 52hu)
m -A m Ll :I <
_va».[{u S =D+ 21 - )
v (w>—1+52hu) ’
.......... (3.13)
- . D c i, (3.14)

+ .
(w* 1 +52hu)  (u*—1+ j2hu)

The second terms of these equations represent the undesirable dis-
placement for which the transverse component V', of the forced vibration
is responsible. In order to perform the proper function as a magnifying
mechanism, it is neccessary that these undesirable terms should be made
negligible compared with the first terms. Fortunately, in most cases,
these terms can be made negligible by proper dimensioning. When these
requirements are fulfilled, the first terms indicate that the twin strips
can be regarded as a perfect magnifying mechanism, i.e., the recording

pen rotates about the point O having the coordinates x=éf and y=0

and its short arm is equal to D.

Next, for the frequency range above the natural frequency * of
the pendulum, i.e., for the working frequency-range of a displacement
seismograph (©<{1), it is well known that

W—1+352h)~ 1.

For such frequency range, introducing the new notations

_er, .
( z") e (=p)
(-3 (egh)

Eq. (3.11) can be expressed in the approximate form

Il
1 Zor—L)+u-™
M { o M D =Dt 21)’}

M, 2D v (l_ﬂ:]_wg)

Y= —
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M 1 m L 1
== Vb L. 3.16
@ Me D V Me D: (1_#2 M()) ( )
M,

When the second terms of these equations ecan be made negligible
compared with the first terms, as before, the first terms define the
dynamical characteristies of the twin strips. In Fig. 8, the values of the
magnification factor » for various values of M,/M, are plotted against the
frequency ratio g, and in Fig. 9, the values of the magnification factor

2| b

-0 5321 0 -2 Heo 049 i

N

Fig. 8. Fig. 9.

a for various values of 2r/l are plotted against the frequency ratio x
for a particular case in which M,/M,=0.99.

In a optieal record, the recorded magnitude depends only upon 6,
i.e., for the frequencies at which the magnification factor b differs only
slightly from unity, the twin strips
can perform their proper function.

In  mechanical records, the
recorded magnitude depends upon @
as well as 9. Referring to Fig. 10,
the displacement of the tip of the
recording pen of length 7, becomes

=9+ 0.0.— ]Jgo gm .(zo+2i)-c, .......... (8.17)
in which
c={]__ﬂ2.l0l:_;l72}/{l—pz- %ﬂ} .......... (3.18)

In this case, for the frequencies at which the magnification factor




102 G. NISHIMURA, M. SuzUKI and E. FURUKAWA. [Vol. XXXII,

¢ differs only slightly from unity, the twin strips can be regarded as
a complete magnifying mechanism, in which the effective length of the
recording pen is (I/2-+1,) and the short arm D.
In Fig. 11, the values of the magnification factor ¢ for various
values of (2r/l) are plotted against
¢ 2-1050-2 %%O.‘M the frequency ratio p# for a par-
[ ticular case in which [,=10cm,
I—1lem, and M,/M,=0.99. The
dotted line corresponds to the par-

ticular case in which M,/M,=1 or
—n 2r/l=—1(L=0).
» By proper dimensioning, we

0 05 15
=1 \H / / can improve the dynamical charac-
—IL -22510 teristics. Now, if we put L=0
or 2r/1=—1, the expression (3.15),
Fig. 11.

(8.16) can be expressed in the more
simplified form

1
0=—M 1 i . (8.
5 V. (3.19)
M 1 pw? V.,
B _ M. Ly PV 3.20
J M, 2D aA—2) (8.20)

In this ecase, if the transverse component V, of the forced vibration
vanishes, the magnification of the twin strips may be independent of
the foreced frequency f. The undesirable second term, however, becomes
extremely large as the forced frequency f approaches the natural
frequency f, of the twin strips (z=1). Therefore the maximum working
frequency of the twin strips should be lower than the natural frequency
fo of the twin strips, but in most cases can be extended to 0.9 fo.
Thus, in order to expand the working frequency range of the twin
strips, it is effective to make L as small as practicable.

The magnitude of this undesirable term is equivalent to the dis-
placement of the recording pen for a particular case in which the seismic
mass is rigidly clamped to the base plate in its equilibrium position,
and can be determined experimentally by the use of a vibration table.

Case (2) Acceleration Seismograph

In a acceleration seismograph, after rearranging, the expressions
(8.11), (3.12) can be reduced to
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v, L (1‘— )
T R ol )2
{a- ’”(1— +J2k) (MMQM !
oo @V M1 1(1 n__
G D (o oL ) E ]
wV L 1 ]
R o L)
e 3.22)

Now, it is desirable that the natural frequency f, of the twin strips
should be at least several times larger than the natural frequency f*
of the pendulum, and this, on account of high natural frequency of an
acceleration seismograph, is always possible. As is well known, for
the working frequency of an acceleration seismograph the value of
(1—1/w+52h[u) differs only slightly from unity and this occurs when
the frequency to be measured is low as compared with the natural
frequency f* of the pendulum. Then, for such frequeney range (working
frequency range), 1/u* and ¢* can be neglected compared with unity.
Consequently, the expressions (3.21), (3.22) can be expressed in the ap-
proximate form

g @V, M 1 zv(l_ﬁ. Li 3.28
T I AT R Sy aF 7 - (8:28)
o— Ve M1, oV, m L (3.24)

@rf) M D @afty M D

When the second terms of these equation can be neglected compared
with the first terms, as before, the first term indicates that the twin
strips can perform their proper function. Moreover, if we put L=0
or 2r/l=—1, these expressions can be expressed in the more simplified

form
9— w®V, M1
@rf*) M 2D
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0V, M
= e e iiieteseesresenaes 3.26
@xf* M, D (5:20)
Thus, in an acceleration seismograph, we need only make the natural
frequency f, of the twin strips at least several times larger than the
natural frequency f* of the pendulum, which is always possible.

Experiment :

1) Vibration table :
We investigated the foregoing theory by an experiment using a
vibration table, of which the constructional details are given in Figs. 12
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Fig. 12. Constructional details of vibration table.
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and 13. The purposely unbalanced fly-wheel W of aluminum-alloy, 15 em.
in diameter and 810 ¢. in weight, is directly coupled to an axle of a
small D.C. motor M fed by 24V, battery. This motor is firmly bolted
to a rigid table 7" of aluminum-
alloy, 12em. wide by 10cm.
long by 3em. thick. A table
T is held between two pairs
of flat paralled phosphor-
bronze strips 8. Kaen strip
is 0.025 em. thick by 0.5em.
wide by 1.5em. long. By
means of this simple flat
strips suspension the direction
of motion of the seismic
element is restricted to the
w-direction  entirely without
frietion, but some reduction in lateral (y-direction) and torsional stability
of the suspension may be involved. However, no appreciable instability
(shimmering) was observed concerning this experiment. The natural fre-
quency of the suspension was found to be about 4 ¢/s. The recording pen
R is attached to Eden’s twin strips # to be tested, and the movement of
the tip of the recording pen is recorded on smoked paper wound upon a
drum driven by Warren synchronous motor (6 W). Damping is not inten-
tionally provided (kh-=0), but moderate damping is desirable to reduce the
free vibration eaused by external vibrations. The seismic element may be
clamped by a clamping screw €. The base plate P of alluminum-alloy
is rigidly bolted to a massive foundation F' of cast-iron by means of
two long bolts B. The vibrational frequeney of the vibration table can
be controlled by varying the rotational speed of a motor M, and the
vibrational frequency available in our experiments were of the range
2efs to 80e¢s.

Fig. 13. General view of vibration table.

2) Experiment method and results:

The twin strips used in these experiments were constructed of a
main spring of a wrist watch (special steel) by soldering, and had the
following dimensions: Length 7, 1.9c¢m.: width, 0.14em.: thickness,
0.009 em.; distance between both strips D, 0.38em.: length ratio {D, 5.
The recording pen was of straw. and its full length /, was 10em. The
magnification of the movements of the seimie element at the tip of the
recording pen was about 26 times. Although the experiments were
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made for various values of 21/l as shown in Table I, the mass m of the

recording pen was kept constant (im=3.5 g.) throughout the experiments,
and hence the natural frequeney f, of the twin strips, defined by the
formula

_ 1 _/24F],

2 } ml’

was also kept constant (f,=19 ¢/s).

Table I.

Case I IT IT1 1Y%
271 2.1 —0.02 —0.40 —0.6D
Mo/M 0.99 0.99 0.99 0.99

The original data recorded on smoked papers were generally of the
type shown in Fig. 14, which corresponds to Case I.

R

e i

T i

i 1\\\\““\' t\“'\f\\'ﬂ'\\Hi;\\\\\\i{\'\{i{"»\\{\\\k
WA

Forced vibration of Case I at different vibrational frequency.

Fig. 14.

With the vibration table just mentioned, the expression (3.17),
obtained previously for a displacement seismograph, may be readily

reduced to
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L e TWE

=9 _ mr . 2 ,
d=9+ 61, (M+é_°+ml%) D 1_(i)2' (M-i—%)
o (M+l%2+mg)

r=rflfo  L=l2+mr,

in which mr denotes the unbalanced moment of the fly-wheel, M the
total mass of the seismic element (the table T, a motor M, and the
fly-wheel F' together), and the other symbols have the same meanings
as before. This equation holds, of course, only when the vibrational
frequency f is much higher than the natural frequency Sf* of the vi-
bration table (suspension). In Figs. 15~18, the absolute values of d
calculated from this equation for various values of 27/l are shown by

d (mm)
10} }é =+2/
St . o
70
a(mapy
0+

10
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full lines, while the plottings show the value obtained by experiments.

From Figs. 15~18, it will be seen that the two values, theoretical
and experimental, are in fair accord, particularly at the working fre-
quency range of the twin strips.

d(nm
70 -

acmm)

10

70 20 30 40
Fig. 18.

Finally, comparison was made between the seismogram of ordinary
seismograph and that of the seismograph with twin strips. These two
seismographs were installed at the same place (Earthquake Research

Table II. Instrumental Constants of the Seismographs

Constants
Natural . . . .
Kinds Period (sec) Magnification Damping ratio
Seismograph with Eden’s twin . .
strips 1.0 110 13:1
Seismograph with commonly .
used magnifying mechanism 1.0 98 10:1

(]

o
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Institute), and had nearly the same
instrumental constanis as shown in
Table II.

The commonly used magnifying
mechanism of ordinary inverted
pendulum seismograph was replaced
by KEden's twin strips mechanism
as shown in Figs. 19 and 20, and
the supporting spring and twin
strips were designed so as to make
the mnatural frequeney and the
magnification nearly equal to those
of the seismograph to be compared.

Eden’s twin strips attached to
this seismograph were of x-ray
photographic film in order to mini-
mize the additional restoring force
of twin strips, and had the follow-
ing dimensions: Length /, 1.4em.:
width, 0.2em.: thiCkI]eSS, 0.02 em.: Fig. 19. Inverted Pendulum Seizmo-
distance between both strips D, graph with Eden’s Twin Strips Composad
0.1cm.: length ratio I/D, 14. The °f X-ray Photographic Film.
theoretically assumed maximum working frequency of twin strips was
about 30 c/s.

In Figs. 21a and 21b, the typical seismograms are shown which
were caused by the earthquake of December 7, 1953. TFie. 2la cor-

Edens twin sfri/ls

Fig. 20. Enlarged view of Eden’s twin strips of the seismograph
shown in Fig. 19.
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responds to the seismogram of the ordinary seismograph, while Fig.
21b to that of the seismograph with Eden’s twin strips composed of
X-ray photograpic film. From many seismograms thus obtained. it was
ascertained that these seismograms agree closely with each other.

Fig. 21b.

Seismograms recording the earthquake of Dee. 7, 23 h., 12 m., 1953,

Fig. 21a: ordinary seismograph.

Fig. 21b: seismograph with Eden’s twin strips.
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