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Introduction

Given the diversity of types of dy-
namic processes that cause increased
vibrations and increased operational re-
quirements, the development of methods
and means of vibration protection, in
particular — passive ones or controlled
remains relevant. Among them, a special
place is occupied by dynamic vibration
absorber (DVA), which are joined to the
design in order to reduce its vibration
load. A special feature of DVA is that
their use can be foreseen at the design
and construction stage, and in case of
elimination of unsatisfactory character-
istics of the structure already in the pro-
cess of its operation.

DVAs differ in the methods of en-
ergy dissipation. The most well-known
are DVAs with a viscoelastic element or
a combination of an elastic element and
adamper. FElectromagnetic and elec-
trostrictive processes are also used in all
types of DVAs with electromagnets or
piezoelectric elements. Such DVAs usu-
ally belong to the class of active, because
with the help of electrical processes it is
easier to control processes.

One of the main directions of the de-
velopment of the theory of fading oscilla-
tions is to evaluate their efficiency and to
select optimal parameters with different
disturbing loads. To date, the theory of sin-
gle-mass linear DVA with viscous and in-
dependent friction with harmonic oscilla-
tions with stable or fixed frequency (which
varies in time) is most fully developed.

The semi-active DVA uses control to
adjust the device configuration based on
the actual structure of the vibration. As
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is typical for structural control, there are
many types of devices and management
laws, some of them are more realistic than
others of varying degrees of complexity.
A considerable number of practical im-
plementations of semi-active DVA’s can
be found in the literature, some of which
are described in Seiler, Fischer and Hu-
ber (2002), Casciati, Magonette and Ma-
razzi (2006), Setareh, Ritchey, Murray,
Koo and Ahmadian (2007), Nagarajaiah
(2009), Shena and Ahmadian (2013), We-
ber and Distl (2013).

A broad description of the control
algorithms that can be used to control
these devices can be found in Setareh et
al. (2007), which in turn are divided into
two groups. Some of them are based on
strategies that constantly change the pa-
rameters of the DVA in dynamic mode,
and the other — on the ON/OFF control
strategy. The latter option, though not as
impressive as the first one, tends to result
in algorithms that are simpler, more real-
istic, and easier to implement.

For realization of semi-active con-
trol various mechanisms for controlling
the movement of DVA are offered. The
mechanism based on the magneto-rheo-
logical (MR) control method has recently
gained popularity in the structural control
zone (Spencer & Nagarajaiah, 2003). The
application of a magnetic field causes
changes in the structure of the liquid MR
inside the damper, which is used to control
the damping force, in these elements. The
simplicity of its mechanical functioning
is associated with low direct constructive
costs and low running costs for their op-
eration. DVA can simultaneously reduce
amplitude of oscillations at several fre-
quencies. In Pinkaew and Fujino (2001)
based on the optimal control theory, it has

been found that a semi-active DVA can
extinguish the vibration of the primary
in both the transient and in steady-state
modes. In Hu and Jin (1997) and Qian
and Hu (2001) a semi-active vibration ab-
sorber with piecewise linear elastic com-
ponents is presented, which may have an
adjustable the operating frequency, which
follows the frequency variation of the ex-
citation. In Koo and Ahmadian (2004) nu-
merically studied two kinds semi-active
skyhook DVA, and then magnetic reso-
nator (MR) damper is tapped and experi-
mentally confirmed the improved control
efficiency. The conventional DVA are pre-
sented in Diveyev, Horbay, Kernytskyy,
Pelekh and Velhan (2017), Kernytskyy
et al. (2017), Pelekh et al. (2017).

Semi-active DVA

Consider the frequency response and
vibrograms of uncontrolled and control-
led damping of DVA (Fig. 1).

The DVA equations in this case
will be:
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Here a kinematic perturbation with
a certain frequency is considered. The
coefficients are now variables in time
and change according to some rules with
the help of controllers (Fig. 1). Here the
rule ON-OFF of semi-active DVA’s can
be found in the literature, some of which
are described in Hu and Jin (1997),
Pinkaew and Fujino (2001), Qian and Hu
(2001), Seiler et al. (2002), Spencer and
Nagarajaiah (2003), Koo and Ahmadian
(2004), Casciati et al. (2006), Setareh et
al. (2007), Nagarajaiah (2009), Weber
and Distl (2013), for viscous friction is
applied:

. dxy dxi
_— > 0 , =
sign (xl ( & dr j] 2 =C24

sign(xl (ditz—diDSO, €2 =C2B

The complexity and high dimension-
ality of some models lead to the use of
a heuristic search method.

2

DVA optimization

Wide application for optimization
found algorithms of random search,
namely genetic algorithms (Allen &
Karjalainen, 1999). The problem of
solving such problems is the direction in
the computer sciences, which is called
artificial intelligence (AI). For applica-
tion of GA mathematical models should
adequately reproduce the real dynamic
processes in machines and structures
with DVA. They must satisfy the follow-
ing basic requirements:

Adequate reproduction of dynamic

processes in structures.

2. To include in the set of calculation
parameters the determining design
and technological parameters.

3. To be adapted to the next transfor-
mation into machine codes (there is
somewhat absurd idea that designs
should be designed not only on the
basis of their functional character-
istics, but also on the requirements
of their maximum simplification,
from the conditions of their simplest
mathematical modeling).

4. Interact with known software applica-
tion packages of computer design and
computer-based production training.

5. Have an information correlation with
world-wide patent knowledge bases
(for example, from espacenet.com)
and with accessible “open” software
on the Internet. There are concepts
of local and global object search.
The complexity and high dimension-
ality of some models lead to the use
of a heuristic search method. In this
matter, random search methods (ge-
netic algorithms — GA) were used to
optimize DVA.
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The optimization function is

sign(xl (ddﬁ diD >0, cro=cr24
1

Few =max (i (f)), fi<f<fo () a 4
Results of optimization ofthe frequen- . dxa _dn ) 0 _
cy response for DVA (frequency response  °'S"\ ¥\ ™y T g )T 2T CT2E

function — FRF) with constant damping
and controlled damping are presented in
Figure 2a, the corresponding vibration
for the frequency inside the optimiza-
tion interval are presented in Figure 2b.
Here x; — vibration level of base, f], f>
— boundaries of observed frequency do-
main, P — weight function, /— first eigen-
-frequency. Parameters of optimization
are my, k, c,. Just as a viscous friction,
let us consider a variable dry friction (4).

[The ordinate units are not specified
here (as well in Figs. 5, 6, 8, 10) as all
problems are linear. The appearance of
the graphs will be identical, regardless of
the intensity of the load].

In Figure 3 the results of optimization
for DVA with controlled viscous damp-
ing, friction damping and both simultane-
ously are shown. In the narrower range,
active friction is more effective (Fig. 4).
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FIGURE 2. Results of optimization of the frequency response for DVA with constant damping and con-
trolled damping (a); the corresponding vibration for the frequency inside the optimization interval (b)
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FIGURE 3. Optimized FRF’s for controlled viscous,
dry friction and both controlled simultaneously

FIGURE 4. Narrower range of optimization
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Pulse optimization

Consider the optimization of the
DVA by parameters, with impulse
disturbance
CiL =max ([ur (1)), t>T (5)

Here, for the target function, the
maximum deviation of the amplitude
of the basis is taken after some initial
period of time. Figures 5 and 6 show
the results of optimization in the control

of viscous and dry friction and without
control.
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FIGURE 5. Results of optimization in the control
of viscous friction and without control
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FIGURE 6. Optimization results in the manage-
ment of viscous and dry friction and without control

DVA robust optimization

The fundamental definition of ro-
bust design is described as a product
or process is said to be robust when it
is insensitive to the effects of sources
of variability, even through the sources
themselves have not been eliminated
(Fowlkes & Creveling, 1995). The
questions of robustness are discussed in
Zang, Friswell and Mottershead (2005)
at optimization of DVA. As the main
criterion the weighted sum of devia-
tion of the basic design and the gradient
module of this deviation is considered.
A set of random values of such param-
eters as mass and stiffness of DVA is
used for graphically constructing a shell
of optimal DVA with the deviation of
parameters.

In our optimization method, genetic
methods are used that give a sequence
of points of parameters that coincide
with the optimal value. On the basis
of intermediate results of calculations,
it is possible to construct not shells of
plane charts, but map parameters, which
is more informative. For this purpose,
one or two start-ups of the optimization
process, preferably with diametrically
opposite points of permissible values,
prevail. The criterion of robustness is
the convexity of these maps in the vicin-
ity of the optimum. Although this is not
a sufficient condition, only necessary.
For a more complete study, we introduce
the following indicator — the radius of
deviation (Ry).

Ra =min(R), CiLa=(1+a&)CiL  (6)

This is the minimum distance from
the points with the indicators (1 + a) at
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the higher (worst) points from the opti-
mal point. For optimization in a linear
case, only two parameters are depicted
in Figure 7 for a =2. In this case, this
condition is also sufficient. In the case of
a lot of parametric optimization, the con-
vexity of all maps across all parameters
pairs is a necessary, but not sufficient
condition. In a multidimensional space,
the behavior of the target function can
be complex. However, the criterion that
finds the nearest point with some devia-
tion of the point to the optimum remains
effective. For optimization in a linear
case only for two parameters (frequency
and damping) are depicted in Figure 7
for a = 2.
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FIGURE 7. Map of optimization in by two param-
eters, and the indicator of robustness

1.50

Different types of control
management

Consider some simple control algo-
rithms. This is, first of all, the rule (2)
is known as sky-hook or ON-OFF (Hu
& Jin, 1997; Pinkaew & Fujino, 2001;
Qian & Hu, 2001; Seiler et al., 2002;
Spencer & Nagarajaiah, 2003; Koo &
Ahmadian, 2004; Casciati et al., 2006;
Setareh et al., 2007; Nagarajaiah, 2009;
Weber & Distl, 2013) for viscous fric-
tion. The effectiveness of this rule in
the wide-frequency range is shown in
Figure 7. But there are similar rules of
management (Shen & Ahmadian, 2013;
Moutinho, 2015):

sign(@(dﬂ —@D >0,c2=c24

de \ dt dt
sign(%(ddi: —%D <0,c =c2p
or (7)
sigi{ddzt);1 (%—%n >0,c =caa
sidg'n(d;)zc1 (%—%n <0, =c2B

We shall also investigate the effec-
tiveness of different control rules in the
classical case in the vicinity of the reso-
nance (Fig. 8).

Just like outside the resonance zone,
ON-OFF control is effective only. Other
management is just a bit better than an
uncontrollable process.

Let us consider the process of op-
timization DVA with the fewer notions
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FIGURE 8. The effectiveness of different control

my/ m; = 0.06 (ON-OFF al-
gorithm). In Figure 9 the pro-
cess of genetic optimization is
shown.

In Figure 10 the results
of optimization are shown. In
Figure 11 variation of control-
led damping and in Figure 12
the map of optimal parameters
are presented.

Let us consider less DVA
mass (m, / my = 0.02). In Fig-
ure 13 the vibration of base is

rules in the vicinity of the resonance shown by optimal DVA.
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of genetic optimization is
shown: a — step by step date;

X.966E+00 dx.963E+00 dx2.558E-03 Av.683E+00 dv.502E+00 CiL.173E-02
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FIGURE 10. Results of optimization: a — in the time domain; b — optimal FRF
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Conclusions

The semi-active DVAs, which are
controlled both by damping and fre-
quency, are considered. The new meth-
ods of DVA optimization by impact and
narrow frequency excitation are consid-
ered. On the basis of the simple models,
it is possible to optimize different types
of DVA in the range of the first resonance
of the basis, where, as a rule, the great-
est amplitudes of oscillations. Separately,
various types of DVA control: skyhook
(different types), ON-OFF, are investi-
gated. It has been found that ON-OFF
control is only effective with the meas-
urements of the relative speed of the DVA
and the displacement of the basic design.
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Summary

Optimization of the semi-active
vibration absorbers. In this paper, an ef-
ficient numerical approach is proposed to
maximize the minimal damping of modes
in a prescribed frequency range for gen-
eral viscous tuned-mass systems. Methods
of decomposition and numerical synthesis
are considered on the basis of the adaptive
schemes. The influence of dynamic vibra-
tion absorbers and basic design elastic and
damping properties is under discussion.
A technique is developed to give the opti-
mal DVA’s for the elimination of excessive
vibration in sinusoidal and impact forced
system. One task of this work is to analyze
parameters identification of the dynamic
vibration absorber and the basic structure.
The questions of robustness at optimization
of DVA are considered. Different types of
control management for semi-active DVA’s
are applied. Examples of DVA’s practical
implementation are presented.
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