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Table 2
Regimes implemented in a system with dampers with different numbers of optimized
parameters depending on the exciting force frequency at P=800 N

o, rad-s’ | 6.2 6.3 6.4 6.5 6.7 7.0
m;=39.7 kg
with 2 optimized T.3.3 Transient chaos; 7,2,4 723 Chaotic Chaotic  7,1,2
parameters
with 7 optimized T.12 T12 T,0.2 T,0,1 T,0,1 T,0,1
parameters
m;=62.0 kg
with 2 optimized Chaotic Chaotic Chaotic Transient chaos; 7,2,2  Chaotic ~ Chaotic
parameters
with 7 optimized Chatter T33 Chatter T2.2 T,2,2 T,2,1
parameters

For these dampers with 7 optimized parameters, the system movement is “calmed down”;
irregular modes are replaced by regular periodic regimes. For the damper m,=39.7 kg, we see
the modes without direct damper impacts on the primary structure. Thus, different optimization
procedures produce different damper parameters, so analysis is necessary to define, which
variant is the most effective.

3.3. Selecting the optimal damper parameters

A logical question arises: which of these four options, determined by the optimization
procedures, is preferable? Which option provides the best damper performance?

Let us compare the efficiency of four damper variants with 7 optimized parameters, that is,
let us see how they attenuate the primary structure energy.
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Fig. 4. The maximum total energy of the primary structure coupled with different SSVI NES depending on the exciting
force frequency

Fig. 4 shows that all dampers shift the resonant peak of the maximum total energy of the
primary structure to the left towards the low exciting force frequencies. Only a damper with a
mass of m,=39.7 kg (green curve) significantly reduces it; a damper with a mass of m,=62.0 kg
(lilac curve) reduces it a little. The energy mitigation occurs at fairly high frequencies. At low
frequencies, the primary structure energy not only does not attenuate, but, on the contrary,
increases. We believe that from these 4 variants proposed by the optimization procedures, it is
worth choosing a damper of mass m,= 39.7 kg (green curve in Fig.4). Firstly, it reduces the
energy resonant peak quite well, better than other dampers. Secondly, it attenuates the primary
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structure energy at high frequencies also better than other dampers. Thirdly, it ensures regular
periodic motion over a wide frequency range, as shown in Table 2. Its mass is 4% of the
primary structure mass. It is worth noting that at high frequencies a damper with mass m,= 62.0
kg mitigates the energy better. However, it is too heavy (its mass has 6% of the primary
structure mass) and provides a high resonant peak. Table 3 shows the attenuation of the
maximum total energy of the primary structure coupled with the dampers of mass m,= 39.7 kg
and mass m,= 62.0 kg.

Table 3
Attenuation of the maximum total energy of the primary structure coupled with the dampers of

masses m,= 39.7 kg and my= 62.0 kg, depending on the exciting force frequency

o rad-s’ 6.2 6.3 6.4 6.5 6.7 7.0
Ejmaxwane % for m,=39.7 kg 13.7 44.1 50.8 49.0 41.2 31.4
Eimaxwane % for m,=62.0 kg 20.1 54.2 61.9 61.4 53.9 42.5

As Table 2 shows, a vibro-impact system with damper of mass m,=39.7 kg performs the
regular periodic motion even without direct damper impacts on the primary structure at higher
exciting force frequencies. Fig. 5 shows the movement characteristics of the 7,1,2 regime at the
same exciting force frequency o = 6.2 rad-s™.
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Fig.5. The characteristics of the periodic regime 7,1,2
for the system with a damper of mass m,= 39.7 kg with
7 optimized parameters at the exciting force frequency
® = 6.2 rad's’. (a) The damper relative displacements.
(b) The contact forces during damper impacts against
the primary structure in blue and against an obstacle in
B L L Xm green. (c) The phase trajectory with Poincaré map in red
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The relative damper displacements in Fig. 5 (a) show one direct impact between the damper
and the primary structure at (x,-x;) = 0 and two damper impacts on an obstacle at (x,-x;) = C =
0.1224 m. The contact forces graph in Fig. 5(b) shows one force per cycle when the damper
directly impacts the primary structure in blue and two forces per cycle when the damper hits an
obstacle in green. The exciting force is also shown in this graph. Fig. 5 (c) presents the phase
trajectory with Poincaré map in red for a damper. This is a closed curve with one point of the
Poincaré map, which is typical for 7-periodic movement.

Table 2 shows that the vibro-impact system with a heavy damper of a mass m,=62.0 kg also
performs regular periodic motion, but at some exciting force frequencies the movement deviates
somewhat from the periodic one and becomesa motion that can be called “chatter”. It is
interesting to compare the types of its characteristics with both periodic and chaotic regimes.
Fig. 6 demonstrates the characteristics of regime “chatter” for a system with the heavy damper
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of mass m,=62.0 kg with 7 optimized parameters at the same exciting force frequency ® = 6.2
rad's’.
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Fig. 6.The characteristics of “chatter” mode for the system with the damper of mass m,= 62.0 kg with 7 optimized
parameters at the exciting force frequency ® = 6.2 rad's™. (a) Contact forces during damper impacts on the primary
structure directly. (b) Contact forces when the damper hits both the primary structure directly in blue and an obstacle in
green over a narrower exciting force range. (c) The relative damper displacements. (d) Phase trajectories with Poincaré
map in red for the damper

4. Conclusions

The research results described above allow us to draw the following conclusions.

« It is necessary to optimize the VI NES parameters in order to select such its design that will
ensure the most efficient operation.

* Different optimization procedures give different results, so the obtained values of the VI
NES parameters must be carefully analyzed in order to choice those values that will ensure the
most efficient operation.

« It is necessary to pay attention to the synergistic effect of multiple parameters, so as many
parameters as possible should be optimized.

* A well-designed damper in combination with the primary structure shifts the resonant peak
of its energy to the left towards low frequencies and reduces it. A damper mitigates the primary
structure energy well at the exciting force frequencies above the resonant one. On the contrary,
it not only does not attenuate its energy, but increases it at low exciting force frequencies lower
than the resonant one.

* The dynamics of a vibro-impact system “the primary structure — VI NES” is rich and
complex. We see many different irregular regimes. However, the complex dynamics practically
does not change the damper efficiency, because the oscillatory amplitudes and velocities of the
heavy primary structure change little under these regimes, but the contact forces change
strongly.

* Direct impacts between the primary structure and the damper occur in almost all regimes.
This means that the single-sided VI NES operates like a double-sided one, in which the primary
structure itself is the second barrier.

Summarizing, we want to highlight the limitations of VI NES. They do not attenuate the
primary structure energy at the exciting force frequencies below the resonant one. The choice of
its optimal design is complex and ambiguous.
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Jisynos I1.11., I[lozopenosa O.C., [locmuikosa T.I'.
BUBIP ONITUMAJIBHOT'O TU3ANHY /11 BIEPO-YIAPHOI'O HEJTHIMHOI'O MOTJIMHAYA
EHEPTIi

EdextuBHicTh BiOpOyIapHOro HeniHiMHOrO noriaMHavya exeprii (vibro-impactnonlinearenergysink - VINES), To6to
BiOpo-yapHoro nemmndepa, 3HAYHOIO MipOI0 BH3HAYae€ThbCAd HOro KOHCTpykKUieo. OntuManbHui ausaiin nemndepa
MOKHa MiiOpaTH 3a JOMOMOroI0 mpoleayp onTumisanii. OnHak pe3yabTar IXHbOI poOOTH HEOAHO3HAUHUM, TXHI pi3HI
BapiaHTH IOKa3ylOTh Pi3HI 3HAYECHHS ONTHUMAJIBHUX HapaMmerpiB aemimdepa. PerenbHuil aHani3 OTPUMaHUX 3HAYEHb
rnapaMeTpiB J103BOJIi€ MiAiOpaTH ONTHMAalbHUHM BapiaHT 3a NEBHUM Kpurepiem. I[IpoBoxsum ued ananmisz, Mu
crioctepirayii 0araTo IiKaBUX SBHIL, a CaMe€ CHHEPreTMYHui epekT OaraTbox MapamerpiB, 0araTy KOMIUICKCHY
nuHamiky VI NES, HasBHICTH npsMHUX yaapiB MK aeMmrdepoM i TOJOBHUM TIJIOM, 3aJ€XKHICTh MOBHOI eHeprii Bix
napaMeTpiB 30y/DKyI040i criid. AHali3 Takox Jo3Bosisie copmynmoBatu oomexeHHs VI NES. Bei ui mpoGiemn
BiZloOpakeHi B il cTaTTi.

KuarouoBi ciioBa: BiOpoynapHUi, IEpBUHHA CTPYKTYpa, AeMidep, HeMiHIHHUN MOrIMHaY eHeprii, CHHEepreTHYHUN
edexkr.

Lizunov P.P., Pogorelova O.S., Postnikova T.G.
SELECTION OF THE OPTIMAL DESIGN FOR A VIBRO-IMPACT NONLINEAR ENERGY SINK

The efficiency of a vibro-impact nonlinear energy sink (VI NES), that is, a vibro-impact damper, is largely
determined by its design. The optimal damper design can be found through optimization procedures. However, the
result of their work is ambiguous, their various options show different values of the optimal damper parameters. A
thorough analysis of the obtained parameters values allow you to select the best option according to a certain criterion.
While carrying out this analysis, we observe many interesting phenomena, namely, the synergistic effect of multiple
parameters, rich complex dynamics of the VI NES, the presence of direct impacts between the damper and the main
body, the dependence of the total energy on the exciting force parameters.The analysis also allows us to formulate the
limitations of the VI NES. All these problems are reflected in this article.

Keywords: vibro-impact, primary structure, damper, nonlinear energy sink, synergistic effect.
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Jisynos I1L1I1., Ilozopenosa O.C., Ilocmuikosa T.I. Bubdip onmTumMajbHOro au3ailHy MiIsi BiGpo-yaapHoro
HeJliHiliHOro mor;iimHayva eHeprii / Onip marepiaiiB i Teopist copya: Hayk.-tex. 30ipH. — K.: KHYBA. 2023. — Bum.
111.-C. 13-24. — Anru.

Epexmusnicms 6i6poyoaprozo Heninilino2o noznunaua enepeii (vibro-impact nonlinear energy sink -VI NES), mo6mo
8i0p0-yoapHo2o demngepa, 3HAYHOIO MIPOIO BUSHAYAEMbCA 1020 KOHCcmpyKyielo. Onmumanvhuil ousaiin demngpepa
ModHcHa nidibpamu 3a donomozoio npoyedyp onmumisayii. OOnax pezynomam ixHboi pobomu HeoOHO3HAYHUL, IXHI PI3HI
sapianmu NOKA3yIOMe pisHi 3HAUEHHs ONMUMATbHUX napamempie demngepa. PemenvHuil ananiz ompumanux 3HaveHs
napamempie 0038014€ nidiopamu ONMUMANbHUL 6apianm 3a neeHum Kpumepiem. I[Ipoeodsauu yeil auanis, mu
cnocmepieanu 6azamo Yikasux sAeuwy, a came CuHepeemuuHuil egekm 6azamvox napamempis, 6azany KOMRIEKCHY
ounamiky VI NES, naasnicme npamux yoapie mixc 0emn@epom i 20106HUM MINOM, 3aNeHCHICMb NosHOI eHepeil 6i0
napamempig 30y0xcyiouoi cunu. Auaniz maxosc 0ozeonse c@opmymosamu oomexcenns VI NES. Bci yi npobremu
6id06pasiceni 6 yitl cmammi.

Tabun. 3. Puc. 6. bibniorp. 22 Ha3s.
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The efficiency of a vibro-impact nonlinear energy sink (VI NES), that is, a vibro-impact damper, is largely determined
by its design. The optimal damper design can be found through optimization procedures. However, the result of their
work is ambiguous, their various options show different values of the optimal damper parameters. A thorough analysis
of the obtained parameters values allow you to select the best option according to a certain criterion. While carrying
out this analysis, we observe many interesting phenomena, namely, the synergistic effect of multiple parameters, rich
complex dynamics of the VI NES, the presence of direct impacts between the damper and the main body, the
dependence of the total energy on the exciting force parameters. The analysis also allows us to formulate the limitations
of the VI NES. All these problems are reflected in this article.

Tabl. 3. Fig. 6. Ref. 22.
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