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Summary: Various mthods for elimination vibrations cased by seismic perturbation are
developed. Beside the passive vibration absorbers significant number of active vibration
absorbers are suggested. Unfortunately, these are extremely expensive due to the fact
that they work randomly but their maintance has to be continual. It gives the priority to
development of passive absorbers. In this paper we suggest a new type of nonlinear
absorber based on the piano-wire vibration concept. The absorber is connected to the
floor element. It contains a straightforward translatory moving mass settled on a steel
wire installed in the direction perpendicular to slider motion. Due to slider motion in the
wire a restoring force occurs. The force is a nonlinear deflection function. Using the
principle of elimination of building motion, parameter of nonlinearity is computed. The
model of the system are two coupled second order nonlinear differential equations. The
nonlinearity is of cubic order. Based on the exact steady state solution that corresponds
to nonlinear resonant vibration, we developed an approximate solving method for the
perturbed equations. Finally, the conditions for vibration elimination are computed.

Keywords: Passive absorber, piano-wire concept, nonlinear resonant vibration, Jacobi
elliptic function

1. INTRODUCTION

Mechanical vibration is a common disturbance that occurs in buildings due to dynamic
loads like earthquake, wind, etc. The interval of vibration intensity is very wide: from
quite small oscillations up to very large and destructive one. Earthquakes are well known
for their destruction. It is the reason that the buildings in the seismic regions are
constructed according to some specific rules and in addition special devices are installed
to reduce vibrations. A popular means to mitigate excessive structural vibrations is the
attachment of a lightweight spring-mass element known as a vibration absorber or tuned
mass damper. Designing new types of vibration absorbers that outperform the classical
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linear tuned mass damper is a challenging ongoing research field [1]. To try and enhance
the performance of a tuned mass damper, nonlinear stiffness can be introduced to good
use [2]. It is found that the nonlinearity has to be of pure type to obtain the system that is
a nonlinear energy sink [3]. Using these results in this paper we suggest a vibration
absorber with strong nonlinear spring characteristics. The nonlinearity is of geometrical
type. The absorber is suggested to be installed on the building that is forced to vibrate.
Model of the system are two coupled strong nonlinear differential equations. Condition
for steady state solution for nonlinear resonant case is determined. Using this result we
developed an approximate solving procedure for the perturbed equations. The necessary
parameters of the mechanism for vibration absorption are computed.

2. MODEL OF THE NONLINEAR ABSORBER

The nonlinear vibration absorber is designed as a mass-spring system shown in Fig.1.

Figure 1. Model of the absorber [4]

The mass is realized with a slider which has a straightline motion. Across the slider in
the perpendicular direction a steel wire is installed. The ends of the wire are fixed. The
slider is in the middle of the wire. The displacement of slider causes deformation of the
wire

AL=+L% +x* -L 1)
where L is the length of the wire and x is the displacement. Due to elastic elongation the
tension in both parts of the wire is

T EAI\_AL @)

where E is the Young’s modulus and A is the cross-section of the wire. For the angle 9,

formed between the initial and deformed position of the wire, and sin@ = x/+/x* + L
the restition force in x direction is obtained as
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Using the first term of the series expansion of (3) the relation simplifies into
EA
F= knaX3' I(nax :F' (4)
where kna is the coefficient of nonlinearity. Thus, the designed nonlinear absorber is of
nonlinear energy sink type and modeled with a pure nonlinear spring characteristic.

F=2Tsing= 2%x(1—

3. MODEL OF THE BUILDING-ABSORBER SYSTEM

The building-absorber is modeled as a nonlinear oscillator with attached nonlinear tuned
mass damper two degree of freedom system (Fig.2)

MK+ KX + K (X = X0)° +CX+Cpp (X— %) = F (1), ©)

where m, ¢ and k denote the mass, damping and stiffnes of the building, ‘na’ is used for
absorber and F(t) is the excitation force.

My Xa + kna(xna - X)3 + Cna(xna - X) = O,

Figure 2. Model of the building-absorber system [1]

Introducing the relative displacement z=x-xna the equations (5) are transformed into

'z'+£x3 +&z3 =m—£>kcﬂz’,
m Y7, m m u (6)
M, (X=2) -k, 2% =¢,,2,
where g=mnam/(mnatm). Let us assume that the damping is neglected and the excitation
is a polyharmonic function. Using the condition of the nonlinear resonant case [6] the
exact steady state vibration exist if the system is forced with the function

F(t) = Fy,en®(Qt,1/2), (7)
where cn is the cosine Jacobi elliptic function, Q is the frequency of the function and Fo
and F; are amplitudes of excitation forces. Model of the system simplifies into

Z+£X3+kﬁz3=i0n3, mna(X—Z)—kna23=0, (8)
m

m H
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where cn=cn(Qt,1/2). Introducing the solutions
x=Acn(Qt1/2), z=Bcn(Qtl/2) 9)
into (8) and equating the terms with the same order of the cn function, two algebraic
equations follow
k k F

-BQ +—A*+-2B =0 m_(A-B)Q’+k,B*=0. (10)
m Y7, m
After some transformation it is
3 2
p=pfuB gk KuBlys Kmps poz Fo_g (11)
Q'm,, m Qm,, H m

Solving the sixth order algebraic equation for B, the exact solution for A is obtained.

4. PARAMETERS OF ABSORBER FOR BUILDING MOTION
ELIMINATION

The intention of our investigation is to determine parameters of the absorber that
eliminate the motion of the building. Namely, if the amplitude of vibration of the
building is zero and A=0, according to (11) we have

/ k Q? k

B=Q/ ﬂ, = - [_na 12
M. FO msna ( )
After some transformation we express

FO
K. =m —-.
21 na na 2
m,,Q F

Substituting the relation (4), into (13). the necessary conditions for vibration elimination
are obtained

B=

(13)

EA Q° 14)
miL®  F7
The relation (14) gives the parameters of the absorber for the case when amplitudes of
vibration are zero. To achieve this requirement automatic control of the length of the
wire has to be introduced. It is possible to be realized by moving the fixed ends of the
wire according to the measured parameters of the excitation force: intensity and
frequency.

5. TRANSIENT MOTION FOR THE SYSTEM WITH NONLINEAR
ABSORBER

Damping in the building-absorber acts as the small perturbation for motion. The
mathematical model of the system (6) transforms into
k F
'z'+£x3 g3 Toon Ly Ly
m H m m H (15)
My (X=2) =k, 2° = e 2

na =’
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where €<<1 is a small parameter. Let us introduce the analytic solution of (15) and the
first derivatives as

x=At)cnw(t), X=-A@t)Qsny (t)dny (), "
z=B(t)en(p(t)), z=-B(t)Qsny (t)dny(t), (16)
with

v (t)=Q+0(), (1

where A(t)=A and y(t)=y are time variable amplitude and phase and sn and dn are
Jacobi elliptic functions. Comparing the assumed and computed first time derivatives of
the solution (9) the constraint follows

Acn—Aé;sndn=0, Bcn—B6,sndn. (18)
Substituting (16) into (15) we have

—(BQ+ BQ)sndn— BQA,cn® +—k A¥cn® = —Aandn +— na BQsndn,
2
M

(19)
—(AQ+ AQ)sndn — AQd,cn® + (BQ + BQ)sndn + BQG,cn® = — %na BOysndn.
mna
Eliminating 6, and 6, from (18) and (19) it is
—(BQ+ BQ)sndn? — BQen* s+ X Avcn®sndn = (—A+ Zna B)Qsn’d
m
S (20)
—(AQ+ AQ)sn?dn? — AQcn* + (BQ + BQ)sn?dn? + BQcen* = — =" BQsn?dn?
mna
Using the derivative for Q and averaging over the period of the elliptic functions
T 4K(1/2)' (21)
Q
the equations transform into
B+p La g ﬂ A, A,B A=p naB (22)
U

.
where K(1/2) is the complete elliptic integral of the first kind and p= le'snzdnzdt . The
0

averaged equation of amplitude variation of the building is
A+25A+w*A=0, (23)
where
26 = (=4 Tim) g7 = pr N ) (L 1y (24)
m u m m u
Solution of the equation is in general
A=Re *sin(xt + a), (25)

where ¥ =v@? -5, R and o are constants of integration. Using the condition of the

unperturbed motion when A=0 it is concluded that the initial phase angle is zero, i.e.,
a=0. The relation (25) represents the transient motion to the steady state.
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6. CONCLUSION

In the paper a new type of nonlinear absorber based on the piano-wire vibration concept
is suggested. It is of nonlinear enrgy sink type. It contains a straightforward translatory
moving mass settled on a steel wire installed in the direction perpendicular to slider
motion. Due to slider motion in the wire a restoring force occurs. The force is a
nonlinear deflection function. Using the principle of elimination of building motion,
parameter of nonlinearity is computed. The model of the system are two coupled second
order nonlinear differential equations. The nonlinearity is of cubic order. Based on the
exact steady state solution that corresponds to nonlinear resonant vibration, we
developed an approximate solving method for the perturbed equations. Finally, the
conditions for vibration elimination are computed. We suggest the length of the wire as
the control parameter in this absorber.
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BUBPAIIMOHU ABCOPBEP 3A 3I'PAZLY IIPH
CEU3MHUYKOM ITIOPEMERAJY

Pezume: Ilocmoju eenuxu Opoj paziuyumux memood 34 eluMUHAyujy eubpayuja
npoy3poKosanux ceusmuuxum nopemehajuma. Ilopeo nacusnux abcopbepa eubpayuja
nocmoju u eeauxu 6poj axmuenux abcopbepa. Ha acanocm, osu opyeu cy epno ckynu,
jep ux je HeonxoOHO CMAIHO 00pAHCABAMU UAKO pade Camo NOBPEMEHO y CIyHYajHUM
npunukama. To oaje npeonocm nacusHum abcopbepuma. Y osom paoy je npeonodcer
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HOBU Mun HeauHeapHoe abcopbepa uyuju je pao 3ACHOBAH HA KOHYENMy OCYUTIO8AbA
Kaasupcke sxcuye. Abcopbep je sesamn 3a 3epady. Cacmoju ce 00 kauzaua, xoju ce kpehe
MPAHCIAMOPHO NPABOIUHUJCKY, U 00 HeludHe dcuye Koja je nposyyena Kpo3 Kiuzay u
uma npasay ynpaeam Ha Kpemare Kiuzaud. Ycied Kpemarba Kauzaua dcuya ce
Odeghopmuwe u y mwoj ce cenepuue pecmumyyuona cuna. Cuna je neiuneapua Qynxyuja
dehopmayuje. Kopucmehu npunyun emumunayuje Kpemarea 3epade CpayyHa ce
nompeban napamemap neauneaprocmu. Mooden cucmema cy 08e cnpesnyme HeruHeapHe
oughepenyujanne jeonauune opyeoe peoa. Henuneapnocm je mpehee peda. Odpedu ce
VCMABEHO OCYUNAMOPHO Kpemarbe 34 CAy4aj HeIUHeapHO2 DPe30HAHMHOZS PeNCUMA.
Kopucmehu oeaj pezynmam y pady je passujen anHamumuuku Memoo 3d peulasarbe
nopemehiene jeonauune kpemaroa. Pewere je npemnocmaeweno y ¢opmu Jaxobu
enunmuuxe gynxyuja. Hajzao, oopehenu cy ycnosu 3a erumunayujy subpayuja.

Kwyune peuu: [lacusnu abcopbep, KoHyenm Kiagupcke dscuye, HeluHeapHu Pe30HaHmMHU
peotcum, Jakobu enunmuuka yHKkyuja
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