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The article studies the dynamic behavior of a low-mass vibro-impact damper, considered as a
device for passive vibration control. Its design scheme corresponds to the scheme of single-sided
vibro-impact nonlinear energy sink (SSVI NES), which is supposed to be used for effective
vibrations attenuation under different transient loads, namely, impulsive, broadband, wind. Its
dynamics and effectiveness strongly depend both on the damper own parameters and the external
load parameters. We consider the response regimes and the damper efficiency for two options of
its optimized parameters under periodic loading. The influence of the elasticity characteristics of
the colliding surfaces on the damper effectiveness is also analyzed. We show that the modes with
rich complex dynamics are implemented in a system with a heavier damper with low stiffness.
Despite this, it is more effective, especially with a softer impact.
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1. Introduction

For many years, scientists and engineers have been studying the application
of dynamic and impact dampers to mitigate vibrations. In recent decades,
nonlinear sinks (NES) have come to be regarded as vibration control passive
devices [1]. NES is a low-mass damper coupled with the main body — primary
structure, which due to its nonlinearity, can absorb part of main body energy,
that is, mitigate its vibrations. The author of article [2] determines the
nonlinear energy sink as a single-degree-of-freedom (SDOF) structural
element with relatively small mass and weak dissipation, attached to a primary
structure via essentially nonlinear coupling. The world scientists have carried
out many analytical, numerical and experimental investigations of NES; they
hope to use these devices to mitigate vibrations, in particular, in high-rise
buildings under the action of impulse, wind and even seismic loads. Numerous
works on this topic demonstrate the active development of NES researches in
recent years. There are comprehensive reviews of state-of-the-art researches on
NESs [3-6], monographs [7, 8], dissertations [9, 10] and many articles on this
problem [11-14]. Various types of NESs are being investigated; single-sided
and double-sided vibro-impact NES (SSVI and DSVI) are one of them. The VI
NESs consist of an oscillator and viscous damping elements, which can hit one
or two obstacles rigidly connected to the primary structure.
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It is believed in the literature that such a study can be divided into two sub-
problems, namely the influences of parameters on the occurrence of response
regimes and the efficiency of different response regimes [10]. Tightly relation
of the device efficiency to response regimes conditions this division. Then the
problem of parameters design optimization arises. Moreover, perhaps, the
optimization mechanisms are not the same for different excitations. The author
[10] emphasizes that a feasible and precise design of VI NES to control
vibrations of nonlinear systems will be difficult, despite the fact that
preliminary experimental results demonstrate good reduction of velocity and,
therefore, the effectiveness of energy reduction.

Most authors describe the impact obtaining the relation between after and
before impact under the hypothesis of the simplified shock theory and the
condition of total momentum conservation. This theory considers the impact as
instantaneous; it uses the restitution coefficient, which characterizes the elastic
properties of the colliding surfaces. This coefficient is one of the damper
parameters, and its effect on the VI NES efficiency is studied in many articles
[10, 11, 15]. For example, in [16], the authors claim that the performance of
the enhanced SSVI NES of nearly 0.45 (instead of common value of 0.7)
coefficient of restitution is found to be more robust to the initial impulsive
energy levels and to its physical parameters variation. The author of [10]
believes that “an intermediate value will be optimal”. However, there are other
ways of describing the impact in the scientific literature. In [17], purely elastic
collisions are simulated by the Dirac delta function with a restitution
coefficient equal to unity. A finite contact duration model of a VI NES is
proposed in [18]. The authors examine three models, namely Hertz, Tsuji, and
Kuwabara models, in which the contact impact force is presented as a
nonlinear function of deformation. They compare and discuss the system
dynamics implemented using both finite and instantaneous contact models.
When considering the protection of a civil engineering frame structure against
seismic events, the authors reveal a significant effect of the contact duration on
the estimation of the dissipated energy, even for very brief collisions.
Instantaneous contact model provides incommensurate values in terms of
acceleration during the impacts, leading to a higher sensitivity to initial
conditions revealed by large fluctuations of the mechanical response. On the
contrary, it turns out that any finite duration contact models are less sensitive
to initial conditions and, therefore, more accurate.

In this paper, we assume that the impact has a finite duration and model it
applying Hertz’s quasi-static contact theory, which takes into account the
elastic properties of the contacting surfaces using Young’s moduli of elasticity
and Poisson’s ratios. This is what makes it possible to analyze in more detail
the influence of the damper elastic properties on the system dynamics.

In this paper, we continue the study of the SSVI NES dynamic behavior,
started in our previous papers [19-21]. We consider two options of optimized
damper parameters and response regimes implemented in the system. Complex
oscillatory modes with rich dynamics that arise in the system for a certain
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parameters set are considered. The effectiveness of the vibro-impact damper is
also analyzed.

Thus, the goals of this paper are:
o determine the optimal damper parameters ensuring its maximal efficiency;
e analyze the response regimes that occur in the system with these parameters;
e analyze the influence of the elasticity characteristics of the colliding surfaces
on the damper efficiency;

® show the best option for damper parameters.

2. Mathematical model

We consider two-body 2-DEF vibro-impact system, the calculating scheme
of which corresponds to the model of single-sided vibro-impact nonlinear
energy sink (SSVI NES) (Fig. 1) [9, 19].
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Fig. 1. Calculation scheme of SSVINES

The primary structure of the mass m;is attached to a fixed wall by a linear
elastic spring with a stiffness k; and a damper with a damping coefficient c;.
A vibro-impact damper of much smaller mass m, is coupled with the primary
structure by a linear elastic spring with a stiffness k, and a damper with a
damping coefficient c,. The base, along which the damper moves without
friction, is rigidly connected to the primary structure and has a barrier at its
right end. The bodies coordinates are x; and x,; the zero mark of the x-axis is
at the primary structure mass center in an equilibrium state when all springs
are not deformed. The initial distance between the bodies, that is, the length of
the undeformed right spring, is equal to D. The distance to the right movable
wall is C; this distance defines the clearance (Fig. 1).

The motion equations for this system are as follows:

myxy + e X + kyxy — ¢ (, — %) — k(X —x; — D) =
= F(t) - H(Z)Fcon (Z) + H(Zl)Fcon(Zl)l

myX, + ¢y (% — %) + ky(x; —x; — D) =
= +H(2)F.on(2) — H(z))F, 0, (21).

(1)

The initial conditions are:
at t=0 we have
x1(0) = 0,x,(0) = D,%,(0) = 0,%,(0) =0, = 0. 2
In this article, we consider the system dynamic behavior under the action of
an exciting harmonic force F(t) = Pcos(wt + ¢,) with period = Zn/w.
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Although the action of other exciting forces — impulsive, random,
broadband, wind, is also subject to study [19].

> .

In Eq.(1), H(z) is the Heaviside step function H(z) ={(1)’§2 8, it

“actuates” the impact contact force F(z) that acts only during an impact and

simulates it. After our previous studying in [22], we consider it as nonlinear

and write it in accordance with Hertz’s contact quasi-static theory [23]. The

consideration of system calculation scheme in Fig.1 gives an understanding of

the fact that the damper can hit both the left body directly and the obstacle

rigidly connected with it. Therefore, the contact force at impact between
bodies has the following form:

2 2

Fon(@) = K[2(O]72, K =55rtms. 6= 2,6, = 3)

and the same form for the impact of the damper on the right barrier:

Foon(zy) = Kq[2,(t)] /2, K, = 3 (53+5:)l\1/m ,03 = 1E 1: 0, =

Here v;,v,, v3,v, are Poisson’s ratios; E;, E,, E3, E, are Young’s moduli of
elasticity for fourth colliding surfaces; A,A;,B,B;,q,q; are constants
characterizing the contact zones geometry. The absorber surfaces, both left and
right, are assumed to be spherical with large radii R and R;; the contact
surfaces of the primary structure and the right obstacle are flat. Then A = B =
1/2R, A, = B, = 1/2R,,q = q;=0.319 as in the collision of a plane and a
sphere. It is the moduli of elasticity and Poisson’s ratios that characterize the
elastic properties of the colliding surfaces. Therefore, the analysis of their
values should allow us to see the influence on the system dynamics in more
detail than the analysis of the restitution coefficient.

The variables z and z; are the colliding bodies rapprochement upon impact,
since the Hertz’s theory allows local deformations in the contact zone.

When an impact between the bodies occurs, thenx; = x,, ie. x; —x, =0.
There is no impact when x; < x,,1.e.x; —x, < 0. Thenz=x; — x5.

An impact of the damper on the obstacle occurs when x, = x; + C, ie.,
x, —x; =C, ie., x, —x; — C = 0. During impact x, —x; —C = 0. There is
no impact when x, —x; —C < 0. Thenz; = x, —x; — C. Clearance is C — D.

3. Damper parameters optimization

Dynamic behavior and efficiency of a vibro-impact damper strongly depend
on the totality of its parameters. The primary structure parameters are set and
cannot be changed. The totality of damper parameters includes its mass,
stiffness, damping coefficient, clearance, restitution coefficient or other
characteristics of the colliding surfaces elasticity. By optimizing in three
parameters, we have set m, damper mass, &, stiffness and C clearance [21]. The
optimization was carried out using the solver fminsearch (platform MatLab)
and the solver fmincon (platform Octave). The optimal parameters should
provide the maximal damper effectiveness, that is, the strongest mitigation of
the primary structure vibrations; its oscillatory amplitude and velocity should
be as low as possible. Initially, we choose low-mass damper with parameters
m, = 20kg, k, = 3190 N -m”, €=0.06 m. Optimum damper settings allow
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for improved vibration attenuation, as shown in Table 1. However, the 5
version ensures the worse mitigation than 3 and 4 versions, although it
provides a periodic oscillatory mode with 3 impacts on an obstacle per cycle.
The 6 version gives the worst mitigation, the movement is shockless, such

damper is not nonlinear and is not interesting in this article.

Note. Following the logic of [24], we call the periodic mode of the k7-period with n damper
impacts directly on the primary structure and m its impacts on an obstacle rigidly connected to the
primary structure as (k7 n, m).

Thus, we choose for consideration options 3 and 4 of optimized damper
parameters. Option 4 provides the best mitigation, but the oscillatory regime is
essentially irregular with the damper impacts both on the barrier and directly
on the primary structure; its dynamics is rich and complex. Therefore, this
regime is worth showing in detail; its characteristics are shown in Fig. 2, 3. In
addition, the damper mass is almost 4% from the primary structure mass and
its stiffness is too low. These circumstances should be taken into account when
choosing the optimal damper. Note that when demonstrating the oscillatory
mode implemented in the system, we show the time histories of the contact
forces, drawing the forces in impacts on the barrier F,,g in green and in direct
impacts on the primary structure F,,;, in blue. It is these dependences that
most clearly show the regime type, since the amplitudes change less during
bursts, while the forces change strongly.

Table 1
The results of damper parameters optimization
Regime
Ne nlzz’ I\]Ic/zr;l C,m 1;1/'“3"1’2. 0 Woine Time history of contact
g max 111" ’ forces Feonr
0.0602 .
1 0 0 0 0436 Without damper
(7,0,2)with rare bursts
0.0557 75 o
2|20 3190 006 | 0401 8.0 1 ‘ ‘
- (102)
FNT
0.0540 10.3 : 1
3 22.67 2481.1 0.0683 0387 112 o LI “ ‘ H

0100
1310 1315 )

Intermittency, (27,2,4)

0.0522 13.3
4 | 3788 | 414.6 0.0747 | (oo s - L

s
1310 130 1350 1370 1390

(7,0,3)

0.0552 8.3
5 | 19.85 | 3190 00564 | (a0 00 - 1

1310 1315 1320
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In Fig. 2, the general motion characteristics of regime for option 4 are
shown. Intermittency with alternating periodic and chaotic phases is visible.
The graph of the relative damper displacement, that is, the difference (x, — x;)
(Fig. 2, b), demonstrates the impacts both on the obstacle at (x, — x;)=C
=0.0747 m and on the primary structure directly at (x, — x;)=0. In the periodic
phase, the contact forces during impacts between the bodies (Fopnp, “blue”
forces) are greater than during impacts against an obstacle (F.onr, “green”
forces). During the bursts, the changes in amplitudes are not great (Fig. 2, a),
but the changes in the contact forces are significant. Where the contact forces
between bodies F.,,; become larger (Fig.2, c), the contact forces F.onr
become smaller (Fig. 2, d), and vise versa.
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Fig. 2. The general motion characteristics of the system with damper parametersm,=37.88 kg,
k,=414.6 N-m™', C=0.0747 m.

Since the motions in periodic and chaotic phases are, of course, completely
different, we will show them in Fig. 3.

In the figures in the 1st row, small changes in the amplitudes are clearly
visible. Graphs of the relative damper displacements in the 2nd row
demonstrate impacts both against the primary structure directly and on the
barrier. The time history of impact contact force in the right panel in the 3rd
row shows two direct impacts on the primary structure and four impacts on the
obstacle per cycle in 27. Phase trajectories with Poincaré maps for primary
structure on the left and the damper on the right in the 4th row are typical for
chaotic and almost periodic motion.

4. Influence of the characteristics of colliding surfaces elasticity during

impacts on an obstacle

In many works in the world scientific literature [10, 11, 15, 16], the
influence of the restitution coefficient 7. on vibration mitigation is studied. The
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authors believe that its smaller value provides a better effect. A lower value of
the restitution coefficient means a decrease in the impact elasticity and an
increase in possible local deformations of the colliding surfaces. Therefore, in
our problem formulation using nonlinear Hertzian force to describe the impact,
it is advisable to reduce the values of Young’s elasticity moduli and increase
the Poisson’s ratios for the colliding surfaces. This should provide a softer
impact and larger local deformations of these surfaces. The results of such
changes in these characteristics of the contacting surfaces elasticity are given
in Table 2 and Table 3.

In a chaotic phase In almost periodic phase, regime (27,2,4)
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Fig. 3. Motion characteristics of the system with damper parameters m,=37.88 kg,
k,=414.6 N-m™', C=0.0747 m in the chaotic and almost periodic phases of intermittency

A strong decrease in the elasticity modulus greatly reduces the impact
contact force, by 28 times. The oscillatory regime becomes purely periodic
with two impacts on the barrier per cycle without any bursts. Note, by the way,
that in [10], the author advises to put the focus on the regime with two impacts
per cycle of VI NES, since it is this regime that is important for vibration
control. Increasing Poisson’s ratios has no effect. However, these changes in
the system dynamics with such damper parameters do not affect the values of
the primary structure amplitudes and velocities. Such a strong decrease in the
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contact force suggests the idea of checking the operation of a linear damper
without any impacts. Indeed, in this case, the characteristics of the system
oscillatory motion are as follows:

Apaxi=0.0517 m, Vyosqa= 0.374 m's™, A, o= 0.0974 m, V,.0o=0.705 m's™.

Table 2
The influence of the characteristics of the colliding surfaces elasticity
at impacts on an obstacle when damper parameters are:
m,=22.67 kg, k,=2481.1 N-m”, €=0.0683 m

E3
o ’ V3 Amaxl’ m Wane Amaxz, m Regi

N NE-‘;;'Z Vy Vinax1, m's’ % Vinax2> m's’ Feonr: N ceime

| 2.1-10™ 0.3 0.0540 10.3 0.0758 65619 | (1:02) with
2.1-10" 0.3 0.387 112 0.684 rare bursts
2.1-10™ 0.3 0.0537 10.8 0.0760

2 2.1-107 0.3 0.385 11.7 0.678 1979 | (1.0.2)
2.1-10™ 0.3 0.0537 10.8 0.0759

3 2.1-107 0.4 0.385 11.7 0.677 2040 | (7.0.2)
2.1-10™ 0.3 0.0538 10.6 0.0758

4 2.1-107 | 0.49 0.385 11.7 0.676 21171 (10.2)
2.1-107 0.4 0.0537 10.8 0.0768

> 2.1-107 0.4 0.385 11.7 0.685 1584 | (1.0.2)
2.1-107 | 0.49 0.0537 10.8 0.0766

6 2.1-107 | 0.49 0.385 11.7 0.684 1641 (7.0.2)

The mitigation of the primary structure vibrations is: 14.1% in amplitudes
and 14.2% in velocities, which is slightly better than that of the vibro-impact
damper. However, it is believed that the simplicity of the device and reliability
of operation make shock absorbers suitable for use in tower buildings. At the
same time, the use of the dynamic damper to protect buildings has the
following disadvantages: firstly, the relative complexity of the damper design
and, secondly, the impossibility of their use in mass construction due to the
need to adjust individually the dampers for each specific building.

As in the previous case, a strong decrease in the elasticity modulus greatly
reduces the impact contact force. The oscillatory regime becomes smoother
and close to periodic only with rare bursts of irregular movement. But the
damper impacts directly on the primary structure — four impacts per cycle in
27— occur at all values of the elasticity modulus. It does not matter whether
one or both of the elastic moduli decrease on two colliding surfaces. An
increase in Poisson’s ratios does not reduce the primary structure amplitudes,
but it does affect the system dynamics. Comparing versions 5 and 6, we see
changes in the values of contact force and damper velocity when changing
only Poisson’s ratios. The options 2 and 3 differ strongly when changing only
one Poisson’s ratio. However, these changes in the system dynamics with such
damper parameters also do not affect the values of the primary structure
amplitudes and velocities. Only option 2 is an exception. Why is it so?
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Table 3
The influence of the characteristics of the colliding surfaces elasticity at
impacts on an obstacle when damper parameters are: m,=37.88 kg,
k,=414.6 N-m™, C=0.0747 m (E;=E,=2.1-10"" N'm?, v;=1,=0.3)

E, v Amr;"l’ Wane Amr;"z’ Regime
Ne E,, v3 v % v Feonp,N | Time history of contact
N'm? 5 r'n“as"}’ r'n“as"%’ forcesFonr
Intermit,(27,2,4)
21-10" | 03 | 00522 | 133 | 0.0878
Ul 2110m [ 03 | 0380 | 138 | 0783 149419 -
Almost periodic (27,2,4)
without strong bursts
5 2.1-10" | 0.3 | 0.0494 | 17.9 | 0.0851 2188
2.1-10" | 03 | 0361 | 17.2 | 0.530
2.1-10™ [ 03 | 0.0518 | 140 | 0.0888
3012010 |04 | 0379 | 131 | 0803 3262 572 A)with rare burst
L, | 20107 [03 [00s514 [ 145 [o008ss | | (T2Awithmarebursts
2.1:10" | 049 | 0373 | 144 | 0.761 o |
s 2.1-10" | 04 | 0.0515 | 145 | 0.0882 -
210107 | 04 | 0374 | 142 | 0.673 e .
P 2.1-107 [ 049 | 0.0513 | 148 | 0.0885 1755
2.1-10" | 049 | 0373 | 144 | 0.749

Let us compare the system movement in options 2 and 3 in more detail
(Table 4). The time histories of the bodies displacements are shown at level
(a); the difference of displacements (x, —x;), i.e. the relative damper
displacement — at level (b). Time histories of the contact forces at direct
impacts on the primary structure are shown in blue at level (¢) and on the
obstacle in green at level (d); time histories of the same forces are shown on an
enlarged scale at levels (e) and (f).

It is worth paying attention to the graphs of the relative damper
displacements at level (b). They show both direct impacts between bodies,
when (x, —x;) = 0, and the damper impacts on an obstacle, when (x, —
x;) = C = 0.0747 m. It should be noted that the contact forces with direct
impacts between bodies are greater than with the damper impacts against an
obstacle. During the bursts, there, where “green” forces increase, “blue” forces
decrease and vice versa.

The regime for option 2 shown on the left panel is not periodic, but it is
entirely smooth without strong bursts of irregular motion. On the contrary, the
mode for option 3 on the right panel has although rare but strong bursts. It is
due to these bursts that the maximum value of the amplitude increases, since it
is much smaller on a smooth section.
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Table 4
The comparison of system dynamics for options 2 and 3from Table 3
Option 2 Option 3 Note for option 3
xm . T xm [ .
acs N1 TN | o On smooth region

without bursts

A I |

Vmaxl -
1560 1570 1580 1590 H(O 1570 1580 1590 AmaxZ = 00851 m

Vinaxz = 0.529 m-s™

0.06 X On all region with bursts
004 ' 1300s<t<1700s
002 0 Apax: =0.0518 m 1

. s E : Vinax1 = 0.379 m's

1560 1570 1580 1590 1560 1570 1580 1590 Amaxz = 0.0888 m '
(b) Vmaxz =0.803 m's
Feo.N Lo N
1105 1E+05
SE+01 sTi0d
.8 s
0100 0E+00
1300 1400 1500 1600 1700 1300 1400 1500 1600 1700
<)
FogurN FeqrN
4F+03 AE+03 .
On smooth region
w103 ST without bursts
ts 1s 1300s<t <1500 s
OEH0 ; F, =127795 N
2 QE+00
e l0g  Jang  leot”  Je0) 1300 1400 1500 1600 1700 conl, =
Feonr =2257N
(d
Fo:N . .

o FeouN On all region with bursts
L] 1E+05 1300s<t<1700s
SE<04 Feon, = 146148 N
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Thus, we can state that a heavier damper with low stiffness and a softer
impact on the obstacle mitigates the primary structure vibrations more
strongly, despite the irregular motion modes. Rare bursts of irregular motion
within the periodic one worsen the mitigation. And although in one case (in
option 2) a motion without strong bursts was obtained, we cannot indicate a
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recipe for such a movement implementation, since in all other cases there are
rare strong bursts.

The presence of direct impacts on the primary structure, along with impacts
on the barrier, suggests an idea about a double-sided VI NES. However, let’s
see how the type of this impact affects the system dynamics.

5. Influence of the characteristics of the colliding surfaces elasticity

during direct impacts on the primary structure

The impact softening for impacts both on the primary structure and on a
barrier gave good results as shown in Table 5 for the system with damper
parameters m,=37.88 kg, k,=414.6 N-m™', C=0.0747 m.

Table 5
The influence of the characteristics of the colliding surfaces elasticity at
impacts both on the primary structure directly and on an obstacle
m,=37.88 kg, k,=414.6 N-m™', €=0.0747 m

E., E,, :1 Amr;"l’ Wane Amr;"z’ Feont» Regime
Ne | Es, E,, vz v % v Feonrs Time history of contact
N-m? v3 m’f‘sa_’fl’ mf’;f‘f‘z’ N forces
4
2 1-10" 03 Insirmittency, 2 T,2‘,4)
L] 2! 107 | 049 | 0.0532 | 11.6 | 0.0890 5351 -
2.1-10" | 03 0386 | 11.5 | 0.787 150339
2.1°10" | 0.3
(2T2,4)
2.1-10" | 0.3
, |21 10° | 0.35 | 0.0493 | 18.1 0.0850 | 26830
2.1-10" | 03 0360 | 174 | 0.527 2343
2.1-10" | 0.49
2.1-10" | 0.3
5 |21 107 | 049 | 0.0492 | 183 | 0.0851 | 4505
2.1-10" | 0.3 0.358 | 17.9 0.532 2359
2.1-10" | 0.49
(27,2,4) with rare
2.1-10" 0.3 weak bursts
4 | 21 107 | 0.49 | 0.0493 | 18.1 0.0851 | 4482 i
2.1-10" | 0.3 0360 | 17.4 0.533 13851 "
2.1:110° | 0.3 Y
2.1-10™ | 03 .
s | 210107 [ 049 100497 [ 174 | 00862 | 4884 (2T.2,4) rare with
2.110" | 03 | 0365 | 163 | 058 | 15406 | Weakbursts
2.1:10° | 04 o
2.1-10" |03
6 |21 107 | 0.49 | 0.0493 | 18.1 0.0850 4470

2.1-10" | 0.3 0359 | 17.7 0.530 14858
2.1:10° | 0.49

1300 1100 1500
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Table 5 shows that a decrease in the elastic moduli of the colliding surfaces
both for left and right impacts gives fairly stable results. This softening of impacts
reduces the contact forces, smoothes the motion, making it purely periodic or
periodic with rare weak bursts, and provides a decrease in the primary structure
amplitudes and velocities by about 18%. Thus, we can probably consider that in
this case the single-sided VI NES has become a double-sided VI NES. However,
the role of the left obstacle is the primary structure itself.

It is worth noting an unexpected result for a damper without a right
obstacle, when impacts occur only on the primary structure. Table 6 shows the
gain of the primary structure vibrations by about 13%, which occurs due to the
huge contact force during impacts between the bodies.

Table 6
Increase in vibrations of the primary structure in absence of the right obstacle
for damper parameters m, =37.88 kg, k,=414.6 N-m”', €=0.0747 m

E Amaxl’ Amaxz, Regime
b Vi m Rise m . .
E,, , . Ve % Ve Feony N Time history of contact forces
. = maxl» maxz2»
N'm o B FeonL
82?22 Without damper
(7,1,0) with rare weak bursts
KN

2.1-10" ] 0.3 | 0.0685 | 13.8 | 0.121 i
2.1:10" ] 0.3 | 0.494 13.3 | 0.828 223793

8. Conclusions

An analysis of the dynamic behavior of a vibro-impact system with a
damper made it possible to draw the following conclusions. The calculation
scheme of the system, consisting of the primary structure and the damper
attached to it, corresponds to the scheme of single-sided vibro-impact
nonlinear sink (SSVI NES).

* The optimization of the damper parameters has identified two options that
provide its greatest efficiency, that is, the strongest reduction in the primary
structure oscillatory amplitudes and velocities.

* A heavier damper with small stiffness ensures stronger vibrations
mitigation. However, the oscillatory regimes in this case are irregular with
complex dynamics. The damper hits not only an obstacle rigidly connected to
the primary structure, but also directly into the primary structure.

* Reducing the moduli of elasticity in both impacts, that is, impacts softening,
smoothes the oscillatory regimes, making them almost periodic, and increases the
damper effectiveness. The single-sided VI NES in this case becomes a double-
sided VI NES, but the second obstacle is the primary structure itself.

* The dynamics of a system with SSVI NES, like any strongly nonlinear
discontinuous system, is sensitive to changes in its parameters, even small
changes.
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Cmamms naoitiwna 03.04.2023

Jizynoe ILI1., ITocopenosa O.C., I[locmuixosa T.I'.
BIIJIUB TIAPAMETPIB )KOPCTKOCTI HA IMUHAMIKY BIEPOYJAPHOI'O
JEMII®EPA

B crarTi BHBYaeThcs JUHAMIUHA IOBeIiHKa BiOpoymapHoro nemmdepa Manoi Macu, SKHH
POBIIISIAETHCS SIK 3a¢i6 MacHBHOro ynpasiHus BiGpanieio. Horo pospaxyHkoBa cxema Bifmosigae
cxemi OAHOOIYHOro BiOpoymapHOro HeliHifiHOro moriaMHada eHeprii (single-sidedvibro-
impactnonlinearenergysink — SSVI NES). Ilepen6adaerscs, mo BiH Mo)ke OyTH BHKOPHCTAaHHI
Uil epEeKTUBHOrO TaciHHSA KOJMBAaHb HPH PI3HOMY IIEPEXiJHOMY HaBaHTA)XCHHI, a caMme,
iMITyJIbCHOMY, IIMPOKO CMYracToMy, BiTpoBoMy. Moro jmHamika Ta e()eKTHBHICTb CHIBHO
3anexaTh SIK BiJ BIACHHX MapamMeTpiB aemmdepa, Tak 1 Bix mapaMerpiB 30BHILIHBOIO
HaBaHTAXEHHs. Pexxumu pearyBanHs Ta epeKTHBHICTH gemmdepa poO3rIIAOTHCS A JBOX
BapiaHTIB {Oro ONTHMI30BaHMX MapaMeTpiB MpH IEPiOAUYHOMY HaBaHTaeHHI. Takox
AHANI3YEThCsl BIUIMB XapaKTEPHCTUK IMPYKHOCTI KOHTAKTYIOUHX I[IOBEPXOHb Ha e(EKTHBHICTH
nemndepa. ITokaszaHo, mo B cHCTeMi 3 OUIbLI BaXKUM AeMI()EpOM Ta 3 HOro HEBEIUKOIO
JKOPCTKICTIO Peali3yroThCsl KOJIMBAIbHI PSKUMH 3 0araTor CKJIaIHOK JuHaMiKow. IIpore Takuii
neMidep BUSBUBCS e(DEKTUBHILIAM, 0COOIMBO MIPU M’ SIKIIOMY yIapi.

KirouoBi cioBa:BiOpoynapHuii, NepBHHHA CTPYKTypa, AeMidep, HETiHIHHMNA moranHay
@HEPril, )KOPCTKICTh, IPY)KHICTh

VK 539.3

Jisynos I1L11., IlocopenosaO.C., IlocmuikoeaT.l. Bniaup napaMeTpiB KOPCTKOCTi Ha AMHAMIKY
BiOpoynapuoro nemndepa / Onip maTepiaiiB i Teopis cropyn: Hayk.-Tex. 30ipH. — K.: KHYBA.
2023. - Bun. 110. - C. 21-35. — AHri.

B cmammi susuacmvcsi OUHAMIYHA NOGEJIHKA GIOPOYOapHO20 Oemngepa manoi macu, sKuil
posensdaemuea AK 3aci6 nacusno2o ynpaeninna siopayiero. Hozo pospaxynkosa cxema sionosioae
cxemi 00HOOIUHO20 GIOPOYOapHO20 Heninilino20 noenunaya enepeii (single-sided vibro-impact
nonlinear energy sink — SSVI NES). Ilepedbauacmubcs, wo 6in modice 6ymu guxopucmanuii Os
epexmueno2o eacinhi KOIUBaHb NPU PI3HOMY NEPEXiOHOMY HAGAHMANICEHHI, 4 caMme, IMIYIbCHOMY,
wiupoxo cmyeacmomy, simposomy. Hozo ounamixa ma egexmusnicms cunvho 3anevcams aK 6id
671ACHUX napamempie demngepa, max i 6i0 napamempis 306HIUHLO20 HABAHMAdICeHHs. Pesicumu
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peazyeanns ma egekmusnicmb Oemngepa pos3ensioaiomecs O 080X  6apiaHmis 1020
ONMUMI308AHUX NApamMempie npu nepioouyHomy nasamwmaicenni. Takodic ananrizyemvcs 6niug
Xapakmepucmuk npyjuCHOCMI KOHMAKMYIOUUX NO6epXoHb HA  egekmugnicms  demngepa.
Ilokasano, wo 6 cucmemi 3 GLIbUL BAICKUM OeMNPEPOM MA 3 U020 HEGEAUKOIO ICOPCMKICIIO
Peanizylompcsi KOMUBANbHI pexcumu 3 6a2amoro CKIadHoo ounamikoio. Ilpome maxuii demnep
BUABUBCS ePeKMUBHTUUM, OCOOTUBO NPU M AKUOMY YOapL.
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The article studies the dynamic behavior of a low-mass vibro-impact damper, considered as a
device for passive vibration control. lts design scheme corresponds to the scheme of single-sided
vibro-impact nonlinear energy sink (SSVI NES), which is supposed to be used for effective
vibrations attenuation under different transient loads, namely, impulsive, broadband, wind. Its
dynamics and effectiveness strongly depends both on the damper own parameters and the external
load parameters. We consider the response regimes and the damper efficiency for two options of
its optimized parameters under periodic loading. The influence of the elasticity characteristics of
the colliding surfaces on the damper effectiveness is also analyzed. We show that the modes with
rich complex dynamics are implemented in a system with a heavier damper with low stiffness.
Despite this, it is more effective, especially with a softer impact.
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