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Abstract. In this work, the analysis the response to vibrations of a small building equipped
with an electromechanical vibration absorber is investigated. In the first part, the case of
harmonic excitation with constant or time dependent frequencies is considered, and in the
second part, the case of random earthquakes, respectively. The cross correlation functions
and the mean square displacements are calculated for the structure when it is equipped with
an electromechanical vibration absorber. The stochastic process which characterizes the
earth movements is coupled to the cnoidal method which delivers the analytical solutions of
the nonlinear problem. The interaction between the structure and the energy source is ana-
lyzed via the Sommerfeld effect inside the resonance region. The resonance capture and the
vibration reduction are displayed by the time history responses of the displacement and angu-
lar velocities above the resonance.
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1 INTRODUCTION

Deterministic evaluation of the response of the buildings subjected to earthquakes is a
valuable tool in obtaining information on the behavior of structures under forces which are
statistical in nature [1]-[3]. The influence of the time histories of external excitations on the
dynamics of structures can be explored both theoretically and experimentally [4], [5].

The theoretical description involves the explicit treatment of both cases, i.e. the harmonic
excitation with constant and time dependent frequency. The description asked the temporal
characteristics of the seismic data and the response of buildings to transient and seismic exci-
tations.

An attempt to apply the methods of stochastic processes in the analysis of tall buildings to
random earthquakes was made by Eringen [6]. This method is based on the cross correlations
functions from which the mean square displacements can be evaluated. This model was ap-
plied in the electrical circuits [7], in discrete element strings [8] and other problems. The earth
movements in the boundary condition can be expressed under the form of expected values.

In this paper, the response of a building to vibrations is analyzed when an electromechani-
cal vibration absorber is attached to the last story of the building.

In the first part of this article the case of harmonic excitation is considered, while the sec-
ond part will consider the case of random earthquakes.

The reduction of vibrations for a resonant structure was studied by Felix, Balthazar and
Brasil [9], [10] and Souza et al. [11] using tuned liquid column. A tuned liquid column con-
nected to the structure works due to the inertial secondary system principle, by which the
damper counteracts the forces producing the vibration.

Nagem, Madanshetty and Medhi [12] have experimentally analyzed the reduction of vibra-
tions for a system consisted from a cantilever beam and a motor, by using a linear electrome-
chanical vibration absorber and an ideal eccentrically motor with a sinusoidal force. Bolla et
al, [13] have reported approximate analytical solutions to nonlinear vibrating problem, excited
by a nonideal motor. A device of nonlinear electromechanical vibration absorber with a
nonlinear function of type Rayleigh oscillator was introduced by Yamapi et al. [14].

The case of a nonideal eccentrically motor or a source of limited power supply was inves-
tigated by Felix and Balthazar [14] for a nonlinear friction of type cubic-quintic Duffing oscil-
lator. This kind of devices with nonlinear resistor and capacitor were studied by Yamapi et al.
[15], Yamapi and Woafo [16], [17] and Mbouna Ngueuteu, Yamapi and Woafo [18].

We are interested in this paper on the case when the vibrating system and the energy
source interact with one another. This interaction corresponds to the non-ideal systems or the
systems with non-ideal excitation and it is explained by the Sommerfeld effect which says
that the steady state frequencies of the DC motor increase with respect to the power, and when
the structure resonates with the source, a part of the source energy is used to generate large
vibrations. These vibrations can counteract the vibrations of the forced structure, without
changing the motor frequency. We must mention that the power is supplied in a step-by-step
manner.
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my

Figure 1. Scheme of the building coupled to a vibration absorber device.

For sufficient motor power, a jump can occur. i.e. the frequency increases and the vibra-
tions decreases, resulting in lower power consumption by the motor [14], [19], [20]. The
Sommerfeld effect results from the balance of the energy and it is due to the coupling between
the excitation mechanism and the vibrational loads [21].

In this paper we consider a small building with two stories (See Fig, 1). The second floor is
equipped with an electromechanical vibration absorber. The structure may be characterized by
the stiffness and damping which can be considered to be either the cubic Duffing, cubic-
quintic Duffing or Rayleigh, or another such as the Van der Pol with first, second, third,
fourth and fifth term.

In the problem considered here, the stiffness is expressed as a sum of a linear and a cubic
Duffing term, while the damping is considered to be linear.

Because of the stiffness nonlinearity, the equations cannot be solved by usually applied
Fourier-integral type of solutions. The inverse scattering theory generally solves such nonlin-
ear differential equations. Osborne [22] has suggesting that the method is reducible to a gen-
eralization of the Fourier series with the cnoidal functions as the fundamental basis function.
This is because the cnoidal functions are much richer than the trigonometric or hyperbolic
functions, that is, the modulus rm of the cnoidal function, 0 < M<1, can be varied to obtain a
sine or cosine function (M=0), a Stokes function (M= 0.5) or a solitonic function, sech or
tanh (M=1)[23].

The paper is structured as follows: Section 2 presents the model equations for a small
building with the electromechanical vibration absorber attached to the last story. The electro-
mechanical device is consisted of a DC motor coupled magnetically by the building. The
structure is subjected to external harmonic excitation and also to the excitation of the source
with limited power supply. Section 3 presents the solutions written in the terms of the theta
function representation as a sum of linear and nonlinear superposition of cnoidal vibrations.
Some aspects of the dynamics of the building equipped with an electromechanical vibration
absorber are discussed in Section 4 for the case of a constant excitation frequency, emphasiz-
ing the role of the additional equation which includes the transfer of the source energy to the
structure. Next section explores the case of the time-dependent excitation frequency, focusing
on the effectiveness of the vibration reduction. The time history responses of the displacement
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and angular velocities above the resonance are presented for both cases in order to understand
the interaction structure- energy source. Finally, the Section 6 treats the case of random earth-
quakes modeled as a stochastic or random process. The earthquakes are of short duration and
therefore the stationary character of the process is questionable.

2 FORMULATION OF THE PROBLEM

The presence of the vibration absorber device is expressed mathematically by coupling be-
tween the motion equations of the building and the equations of the energy source. The resis-
tive torque applied to the motor is neglected. The motion equations are given by

MY, +C(2Y, — ¥, — Yo) + A, + K (2%, — ¥, = ¥o) +K, (29, = ¥, = ¥,)’ =0, (1)
M, +C(¥, = ¥)+ay, +k (%, = ¥) +K, (¥, = ¥,)’ =Tq+myripcos 9— myr¢’ sin g, )
myry, cosp=19p+ap—-b, 3)

T(¥,-¥) =-Ld+R(1-i,°0° ) 4-C;'g-iso,q’ —igo,q’, 4

Yo = f(1). 5)

where y; is the displacement of j™ story, j=1,2, m the mass of each story, C the interfloor
damping (internal damping), d the external damping constant (velocity damping), Kk the lin-
ear spring constant, K, the cubic spring constant, ¢ the angular displacement of the rotor, r
the eccentricity of unbalanced shaft of the electric motor, m =m+m, with m, the mass of

unbalanced shaft of the electric motor, | the moment of inertia of the rotor, T =2xrnIB the
transducer constant, N the number of turns in the coil, | the radius of the coil, B the uniform
radial magnetic field strength in the annular gap, L the inductor, C the capacitor, R the re-
sistor, V,the voltage in the resistor, V_, , the voltage in the capacitor, i, the initial current in

cond

the electrical part, C; the capacitive characteristic, o,,0 the capacitor coefficients and q

the instantaneous electrical charge.
The expression for the driving torque of the motor is b—a¢ (linear in the stationary regime)

with b related to the voltage applied across to the armature of the DC motor, and a is a con-
stant depending of the considered motor.

The electric component of the controller is composed by an inductor L , a capacitorC, and
a resistor R. The expression of the voltage in resistor and the capacitor are [14]

3
] q 1 q q 3 5
Vo=-Ry| === | | Voo ==+ + , 6
res ()[i0 3(%} } cond CO (X’3q (qu ( )

In (2) the right side term represents the action of the source of energy. Eq. (3) expresses the
supplying of the last story with the source energy. Eqgs. (4) and (5) represent the boundary
conditions for Egs. (1)-(3).

When loading is deterministic, the function f(t)is known as a function of time. When
loading is random, the function f(t) is not known a priori and it is defined statistically. The

function f (t) can be viewed as the harmonic excitation

f(t)=f,sinQt, 0<t<T, (7
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with € a constant, or the step dependent function €(t)

0, -0

Q(t) = o, {1+ 1 (1+%tanh(£(t—ts)ﬂ, 0<t<T, (8)

1
where ®, and , the initial and final frequencies, t  is the time at which the frequency us
changed, and € — oo is a parameter which describes the step function limit [24].

In the second part of this article, the function f (t) can be viewed as an average of various
data y, measured from k" earth motionsy, = f, (t). This is equivalent to obtain f,(t) from
the average curve E{ f (t)}. The earthquakes are of short duration, so the process is not sta-

tionary. From this point of view we can not use a purely random stationary Gaussian process.
Eqgs. (1)-(5) and (7) are written in a dimensionless version as

X'+B,X+A0+8A)=0, A=2X-X—-X , 9)
X+ B, — A, X +Bu(o+8,B*) = 1-p) (X cos X, — X sin X)), B=x, —X, (10)
X, —TM,X, cos X, +UX, =V, (11)
X, — o, X, +B, X +v,X, +8,X +n,X, +A,B=0, (12)
% =9(9), (13)
where prime means the differentiation with respect to T, and
Yo Yi Ys q m m
T=0t, X,=—, X ==—, X, ===, X,=0¢, X,=—, U= =—,
1 X() r 1 r X2 r X3 (p 4 qo “’ m+ m) rnl
C d k r’e
o =— B=——,a=0,+y, V,=——, 81:k2 o (14)
mo, ma, mo, m
Ti r
7\'l: q) ,T]]: m), u= a ) V= bz,
mro, I |, | o,
Tr R R o 1
7\.2: ’(XZZ_’BZZ _O;) 1, , = =
q() L(’ol Lo‘)l I() L LC()O‘)I
5, —%h %l o Q
* Loy 7 Ly o,

In (14) o, is the first natural frequency of the structure. The unknowns of Eqs.(9)-(13) are
the dimensionless displacement of j™ story X;, ] =1,2, the angular displacement of the rotor
X;, and the dimensionless instantaneous electrical charge X,. The resonance condition with
the building is given by X, =1. In this case ¢§=,@ =,. The first control parameter is [
which is the ratio between the mass of each story m and m =m+m,, with m, the mass of

unbalanced shaft of the electric motor. The second control parameter is V= where b is

|

related to voltage applied across to the DC motor, | is the moment of inertia of the rotor and
®, is the first natural frequency of the structure.
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In the case of (7), the equation (13) becomes

f
XO:gOSin(Tﬁ), OSTSTT, TT:O)IT, g():TO- (15)
In the case of (8), the equation (13) becomes
f
X() = g() Sln(Tﬁ(T)) N O S T S TT . TT = (DIT R g() — T() , (16)
with
1
Xt —1+ 1+—tanh(e.(tT—1T 17
® 2(01 ( 2 (& )j (17)
and
T =0t 8= . (18)
0‘)l

3 SOLUTIONS

The general solution of the system (9)-(13) may be written in the terms of the theta func-
tion representation

d2
G(t)=?log®n(nl,n2,...,nn), (19)
where © is the theta function defined as
0, M) = D, exp[iZMmi ZM B,M, j (20)
Me (—o0,00) i=1 I j=1

with n the number of degrees of freedom for a particular solutions, and

n,=-0t+6,, I<j<N. 2D
In (21), ®; are the frequencies and the ¢, the phases. Also, we can write

Mn=-Qt+®, M =[M,M,,...M, ], Q=Md, ®=M¢.

n

The integer components in M are the integer indices in (16). The matrix B can be decom-
posed in a diagonal matrix D and an off-diagonal matrix O, thatis B=D+0O.
The solution (19) of Egs. (9)-(13) can be written as [23]

20°
o(t) = 5 02O () = 0, (M) +6,, (), (22)
where 0, represents a linear superposition of cnoidal vibrations
20°
Oin () === log G)., G(n) = Zexp(ﬂ\/lm MTDM), (23)
and 0, represents a nonlinear interaction among the cnoidal vibrations
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FnC

) . VR
F = Mn+—-MT"DM
G m j M.C) ;Cexm n+2 )

9’
0, (M= 2a 1o g(1+

C= exp(% MTOM)—1. (24)

The first term O,

lin

represents, as above, a linear superposition of cnoidal waves. Indeed, af-
ter a little manipulation and algebraic calculus, (19) gives

27’[ k+l/2 ot 2

Z cosk+)—- | |, (25)

m e 2k+l K
I

n

B = z

1=l

with

/2 dU B B
—_— K'(rﬁl)z Km), m+m =

‘([ \/l—msinzu

In (25) we recognize the expression [25]

qzexp(—nK?), K= K(m)+

0, = j oen’[@t; Midt (26)

The second term 6, represents a nonlinear superposition or interaction among cnoidal
waves. We write this term as [23]

2d—2210g{1+ F(t)} Bcnz(f’f’mz . 27)
dt G(t) | 1+4+yen (ot,m)

If m take the values O or 1, the relation (27) is directly verified. For 0 < m<1, the rela-
tion is numerically verified with an error of |el< 5x10~" . Consequently, we have in the gen-
eral case

dt. (28)

B 2 Bcnz[(bt;m]
0 (1) _-[°1+}~\,cn2[(~0t;m]

As a result, the cnoidal method yields to solutions consisting of a linear superposition and a
nonlinear superposition of cnoidal vibrations.
In the general case, the solution of the problem (9)-(13) can be written as

= [ K®gt-ndt= [ K t-ngmdr, j=12...4 (29)

where

<
Bjcn” (@, t,m,)

= o ~ . 1=12,..4. (30)
1+7,cn’ (@, t,m,)

K, )= kZl‘ en’[@;, M, 1+

The solution (29) requires the evaluation of unknowns @, m, B and Y. Substitution of (29)
into Egs. (9)-(13) gives a set of identities from which the parameters can be evaluated. The
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identities results by equating the coefficients for expression terms containing the functions cn
and sn in the same power.

4 CONSTANT EXCITATION FREQUENCY

The solutions (27) and (28) are computed for n=7 degrees of freedom for particular solu-
tions and for different values of the parameters of the system and a constant excitation fre-
quency 2.

Before discussing the results of the numerical calculations, we briefly explain the choice of
the control model parameters. Firstly, the range of u varies from 0.7 to 1. The value u=0.7
corresponds to the case when the m, represents 40% of m, while W =Imeans that the m, is

negligible compared to m.
The decreasing of the control parameter V with respect to time in the transition interval
(@ =0) is represented in Fig. 2. The time frames are the following: 0<71<500 and

500 <t <800 above the resonance, 800 <t <1400 inside resonance, and 1400<1t<1600,
1600 <t<2000 below the resonance, respectively. The parameter values were selected as

M:O_7, o, =, Bl: s Y= 812, 7\,12,1’]1:, u=, 7\,2: ,(12:,[32: Y=,
d,=,1Mm,= and 9=1.
The time variation of the displacement X, corresponding to the last story without/with the

electromechanical vibration absorber, are plotted in Figures 3 and 4, respectively, during the
transition through the resonance region.

control parameter v
(]

1 1 1 1 1 1 | 1 1
200 400 600 800 1000

1
1600 1800 200
time

1 1
1200 1400

Figure 2.The decreasing of the control parameter V with respect to time in the transition interval.
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Figure 3. Time history for the last story without the electromechanical vibration absorber.

The time variation of the angular velocity X, of the DC motor without/with the electrome-

chanical vibration absorber, are simulated in Figures 3 and 4, respectively, during the transi-
tion through the resonance region.

Figure 3 shows that in the case of no coupling between the electromechanical vibration ab-
sorber and the structure, the vibration amplitude increase in the time range 800 <1 <1400 in-
side resonance, while Figure 4 shows that in the case of coupling, the vibration amplitude
significantly reduce in time ranges 800 <1 <1400 inside resonance, and 1400<1t<1600 ,
1600 <t <2000 below the resonance.

In Figure 5, the capture of the resonance of the angular velocity is put into evidence in the
case of no coupling. Fig.6 shows that in the case of coupling, the Sommerfeld effect cancels
the resonance of the angular velocity and reduces significantly the vibration amplitudes.
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Figure 4. Time history for the last story with the electromechanical vibration absorber.

angular velocity
[
N
T

(]
T

0 1 1 1 1 1 1 1 1
0 200 400 600 800 1000 1200 1400

1
1600 1800 2000
time

Figure 5. Time history for the angular velocity of the DC motor without the electromechanical vibration absorber.
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angular velocity
-
iy
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0 200 400 600 800 1000 1200 1400

1
1600 1800 2000
time

Figure 6. Time history for the angular velocity of the DC motor with the electromechanical vibration absorber.

5 CASE OF THE TIME-DEPENDENT EXCITATION FREQUENCY

The step function (8) is introduces for two cases: (1) t=2 in the interval 0 <1 <500
above the resonance and (2) t =815 in the interval 800 <1 <1400 inside the resonance. Fig.
7 plots, for example, the step function (9) in the interval 0 <t <500 for ®, = 1 and ®, =2

(solid line) and w, =3 (dash line) and € =20, t,=2. For other intervals, the step function

has similar shapes.

In the case (1), the control parameter vV knows a sudden variation with respect to time at
the beginning of the interval as shown in Figure 8, for both the solid and dash lines, respec-
tively. Fort > 60, the control parameter is constant and then it jumps to the value 2.5 when
t =500.

Upon the matching of two time independent solutions at the time when the step occurs, we
obtain the time variation of the displacement X, corresponding to the last story without/with

the electromechanical vibration absorber, are plotted in Figures. 9 and 10, respectively, during
the interval above the resonance, in the case of both solid and dash lines (blue and green con-
tours), respectively. The displacements present squeezing and weaving, and reduction in
magnitude for t >475, according to Figure 9. Figure 10 exhibits also squeezing and weaving
with increase of the magnitude for t >400. The squeezing and amplitude are enhanced for the
dash line (blue and green contours) in both figures. Numerical experiments showed that the
squeezing may be enhanced by increasing the frequency difference ®, —®, .

2254



L.Munteanu, V.Chiroiu and T.Sireteanu

control parameter v

[ o]
tan

(]

1 2 3 4 5 6 7 8% 9 10 11 12 13 14 15 --- 500
time

Figure 7. (1) as a function of t in the interval above the resonance.

7
1
! L ! L L L ! ! L ! L L L ! ! L
0 50 100 150 200 250 300 350 400 450 500

tune

Figure 8. The variation of the control parameter V with respect to time in the interval above the resonance.
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Figure 9. Time history for the last story without the electromechanical vibration absorber, during the interval
above the resonance.

In the second case, the variation of the control parameter Vv is shown in Figure 11. As in
the previous case, the control parameter has sudden variations with respect to time at the be-
ginning and at the end of the interval, respectively, for both the solid and dash lines. For
900<t < 1315, the control parameter is constant and then it jumps to the value 1.5 when
t =1400. The time variation of the displacement X, corresponding to the last story with-

out/with the electromechanical vibration absorber, are plotted in Figures 12 and 13, respec-
tively, during the interval inside the resonance, in the case of both solid and dash lines (blue
and green contours), respectively. The displacements present squeezing and weaving, and an
increasing in magnitude for the last story without the electromechanical vibration absorber,
inside the resonance, according to Figure 12.

The squeezing and amplitude are enhanced for the dash line (blue and green contours) in
Figure 12. Figurel3 exhibits also squeezing and weaving with a substantial decrease of the
magnitude for the last story with the electromechanical vibration absorber, inside the reso-
nance.

As a conclusion, by comparing Figure 4 with Figure 13 which presents the history for the
last story with the electromechanical vibration absorber for the constant excitation frequency
and the time-dependent excitation frequency, respectively, we see that the control system effi-
ciency is higher in the last case.
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Figure 10. Time history for the last story with the electromechanical vibration absorber, during the interval
above the resonance. The green contour corresponds to the dash line.

control parameter v

800 900 1000 1100 1200 1300 1400
tune

Figure 11. The variation of the control parameter V with respect to time in the interval inside the resonance.
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Figure 12. Time history for the last story without the electromechanical vibration absorber, during the interval
inside the resonance. The green contour corresponds to the dash line.
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15+
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Figure 13. Time history for the last story with the electromechanical vibration absorber, during the interval in-
side the resonance. The green contour corresponds to the dash line.
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6 CASE OF THE RANDOM EARTHQUAKES

In this Section, the function f (t) is viewed as an average of various data y, measured from

k™ earth motions Y, = f, (t). This is equivalent to obtain f,(t) from the average curve E{ f (t)}.

The earthquakes are of short duration, so the process is not stationary. From this point of
view we can not use a purely random stationary Gaussian process.

We start with 1D expected value E{ f (t)}, and the 2D expected function E{f(t,), f (t,)}re-
spectively, which are given by [6]

oo

E(f )= [ fam(f @) @),

—oo

oo

E{(f)ft)}= I () F AW, (F (), f(t,))df (t)df (t,), (3D

—oo

where W, (f)and W, (f (t,), f(t,)) are the 1D probability density function for a given t, and

the 2D probability density function, respectively, for given t, and t,. The n"and m" mo-
ments (M n=0,1,2,...) are also calculated

E{(f"(O}= T W (f)df . E{f ) f ()} = T FRA) £ O)OW, (F7(E), £, df . (32)

For m=n=1, the correlation function R (t,t,) is obtained

oo

R (t, 1) =E{ft)f(t)}= I ft) )W, (F (1), f(t,))df (t)df(t,). (33)

—oo

In (7) we can change f (t)with E{f (1)} or R, (t,,t,)=E{f(t), f(t,)}so that the calcula-
tions to remain the same as in the deterministic case. If the correlation function R, (t,,t,)1s

known, we can calculate the cross correlation functions

R,y 1) =Ely; )y (1)} = I Yi ) Y QWo(Y; (4), Vi (B))dy; (t)dy, (L) » (34)

and the square displacements E{y}(t)} forthe j", j=1,2 story
E(y; ()} = [ y]OW,(y; 1), y, (D)dy(t). (35)

The solution (29) allows the calculating of various averages

Ely, (D)= [ K,t-DE{f(n)}dr, (36)
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L)

E(y,t)yt)} = | | Kt 1)Kt —)E(f (1) f (1)) }dndr, (37)

—o0 —o0

When E{f(1)}=0, from (36) it results E{y;()}=0. If the autocorrelation function

of f (t)is known, we see from (10) that R, (t,,t,) is also known. So, we obtain from (37)

L)

Ry = | [ K —TK (L~ )R, (7,7 Jdrde, (38)

—o0 —oo

Calculation of the mean kinetic energy for each story requires the calculation of the inte-
gral

)

RS’jS/k = '[ I Kj(tl _Tl)Kk(tZ _Tz)Rf (TI’TZ)}dTldTZ : (39)

—o0 —oo

The shearing force correlation includes the part given by the spring force and the part that
is dissipated by the internal damping

Vl = C(zyl _Y2 _Y())+k1(2S/1 - yz - yo)+k2(2y1 - yz_ yo)3 s
Vz =C(Y, _Y1)+k1(Y2 _Y1)+k2(Y2 _Y1)3'

The expression for the shearing force correlation is

L)

Ry, (4.1 = [ | Kt =t)K(t, = 1,)Ryy, (1, ;) }dT dt, , (40)

—o0 —o0

where R/,-vk t.t)=R,-R,.
The 1D and 2D probability density functions are given by [6]

1 -
WV )= ex L, (41)
1 1 i Ve, 2PuYiY%
W, (Y., Y) = ex —C LIt |, (42)
3% 0,T/2n(1=py) p(l_cjk)( 267 21 o

with
o; =E{yj}-E{y;}=R, D, oy =0,3,R , (L), t=R, tD). (43)
With (41) or (42), the correlation functions and various moments can be calculated

Ely;}= [ yWy)dy,» Efy,vid=| [ yiuWo(y;, yodydy, =R, (44)
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(45)

—o0 —o0

(Y]} = [ yW(y)dy,, ELyTYed= [ [ yIYeWa(y;, vi)dy,dy, -

The autocorrelation functions R, ,, R ;and the cross correlation functions R ,respectively,

4f° . .
are divided by R, = 1 0, where f; is the spectral density (a constant) of R, which char-
acterizes a Gaussian processes, for which the correlation function R, (t,,t,) given by (10) be-

comes
R (t,.t,) =E{f(t)f(t,)}= {8t -t,), (46)

with d(t) is the Dirac’s delta function.
The autocorrelation functions R, ,, R and the cross correlation functions R , respectively,

are plotted versus the correlation interval in Figs.14-16. The parameters values were selected

2
4, 5=50, c=d=0.2[6], [14].

as R = ,
R m
The autocorrelation function R, , for the second story of the building is plotted versus the

correlation interval in Fig.14, with and without the vibration absorber, respectively. The maxi-

mum displacement is observed at this story.

200

with vibration abzorber

— ——— without vibration absorber

100

Figure 14. Displacement autocorrelation functions for the second story with and without the vibration absorber
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100

with vibration absorber

————  without vibration absorber

Figure 15. Displacement autocorrelation functions for the first story with and without the vibration absorber.
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Figure 16. Displacement cross correlation functions with and without the vibration absorber.

7 CONCLUSIONS

This work is dealt with the analysis of the response to vibrations of a small building
equipped with an electromechanical vibration absorber. The interaction between the vibrating
system and the energy source is investigated for harmonic excitation with constant or step de-
pendent frequencies, and for random earthquakes, respectively. This interaction corresponds
to the systems with non-ideal excitation explained by the Sommerfeld effect which results
from the balance of the energy and it is due to the coupling between the excitation mechanism
and the vibrational loads. The resonance capture and the vibration reduction are displayed by
the time history responses of the displacement and angular velocities above the resonance.
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Since the earthquakes are of short duration, the stationary character is not available. There-
fore, it is shown an attempt for calculation of the mean square displacements and cross corre-
lation functions for this small building equipped with an electromechanical vibration absorber.
Because of the stiffness nonlinearity, the equations cannot be solved by usually applied Fou-
rier-integral type of solutions. The stochastic process which characterizes the earth move-
ments is coupled to the cnoidal method which delivers the analytical solutions of the
nonlinear problem.
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