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Abstract. This paper devoted to application of the new metbbcomplete bifurcation groups (MCBG), which sksow
very good results in single-degree-of-freedom tasés global bifurcation analysis of systems withiot degrees-of-
freedom on example of two-mass chain system withrsgtrical elastic characteristic with two potentialls between
masses. It is shown, that using of the MCBG alltavBnplement global bifurcation analysis of nonin@scillators with
2 DOF, and to find new nonlinear effects, bifuroatgroups, and unknown before periodic and chaetimes.

Keywords. two-degrees-of-freedom, driven system, bifurcatioralysis, method of complete bifurcation grougser
chaotic and regular attractors, fully unstable swbtonical isles.

Introduction Dynamical model and methods

Behaviour of the nonlinear driven oscillators may b A system under consideration is a chain drivenesgst
very complex and unexpected phenomena occur ratheonsisting of two bodies coupled by nonlinear @ast
often in these systems. The authors of this pagremBiny  constrain with three equilibrium positions (two @otial
years have been studying nonlinear phenomena in oneells) and linear damping and attached to basein®ai
mass driven oscillators with symmetrical elasticelastic constrain and linear damping. External qubci
characteristics with two potential wells. Usual pbmena, force is applied to the body, attached to the ifBgg 1).
as periodic and chaotic motion, and unusual, ablesta
forced oscillations near unstable equilibrium posif1-5], hlcosut
rare attractors (RA) [6-10] were found in such kiofl
systems. For those investigations algorithms and b, X
approaches later named as method of complete atfarc -
groups [11-14] were used.

In this paper authors apply the method of complete
bifurcation groups to global bifurcation analysif teo-
mass chain driven system with symmetrical elastic
characteristic with two potential wells between s&ss It

is shown, that all phenomena typical for one-massesn Fig. 1. Physical model of the system
remain and there are new bifurcation groups withsual
structure — fU”y unstable subharmonical isles ][5, 12] Elastic and dampmg forces are represented in 2‘?:19

This phenomenon is concerned with Andronov-Hopfalso several additional characteristics, describitig
bifurcation. Changing system parameters leads t@ystem, are represented in this figure - potentigls of
appearance of rare stable periodic and chaotienegion poth elastic constrains (Fig. 2a) and free damped
these fully unstable isles. oscillations of both masses (Fig. 2b).
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Corresponding equations of motion are:

{mlk'l +b,%, +¢,% —b,X —C, X —C,,x° = hlcos(wt +@,)

where x;, X, — generalized coordinatex E X, — Xy);
my;, m, — mass of oscillating bodied);, b, — linear
dissipation coefficientsg; — stiffness coefficient of the
first linear elastic constrairty,, Cy - stiffness coefficients
of the second nonlinear elastic constrami;, o, ¢ —
amplitude, frequency and phase of excitation.

m,X, +b,X +Cy X +C,,x =0

Method of complete bifurcation groups was used fo
investigations. This method consists in direct nticaé
modeling of originate existing nonlinear model, tths,

without its simplification. Under complete bifuraat
groups method we understand complex of approaahes t
analysis of dynamic systems, which involves théofeing
procedures: at fixed system parameters — searcéll of
periodic stable and unstable regimes and bifuroatio
subgroups with unstable periodic infinitiums (URh
plane of states, constructing of regimes’ basins of
attraction on plane of states; at varying systenapaters

— constructing of bifurcation diagrams and bifuimat
maps. Special importance of the method is contionaif
parameter solution (in one-parameter task) alorgtisa
branch of definite regime (not along parameter)] trat
Iallows to find new unknown before stable regimes in
broadly used dynamic models of strongly nonlinear
oscillation systems.
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Fig. 2. Characteristics of chain system with two degrdeseedom with three equilibrium positions of sedomassm2 and linear
dissipation at harmonic excitation. (a) charactiessof elastic and dissipative forces, acting imadel, characteristics of potential

energies, corresponding to elastic forces and amgof external
masses. Parameters; =m, =1,b; =b,=0.2,¢c;=1,c1=-1,c,=1
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Fig. 3. Two bifurcation groups, group 1T with rare attoactUPI region and almost periodic oscillations ajxdup of completely
unstable subharmonic isles 2T, are shown. Bifurnatimgrams for driven chain system with two degfeseedom with three
equilibrium positions of mass, and linear dissipation at harmonic excitation e@), (b) coordinates,, v, of fixed point of the first
mass vs excitation amplitudd; (c) oscillation amplitude Ax1 of the first massivk Parametersn, =m, = 1,b; =b, =0.2,c, = 1,¢;
=-1, cn=1w=1,¢9,=0,k=7,hl=var.
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Fig. 4. Two bifurcation groups, group 1T with rare attoactUPI region and almost periodic oscillations ayjxdup of completely
unstable subharmonic isles 2T, are shown. Bifusoatliagrams for driven chain system with two degteefreedom with three
equilibrium positions of mass, and linear dissipation at harmonic excitation Xe@), (b) coordinates,, v, of fixed point of the first
mass of excitation amplitud€; (c) oscillation amplitude Ax2 of the second massiysParameteran, =m, = 1,b; =b, = 0.2,¢; = 1,
Cr=-1,cn=1,w=1,90=0,k=7,hl =var.
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Fig. 5. New bifurcation group of completely unstable subf@nic twin isles 2T. Bifurcation diagrams for dnivehain system with two
degrees-of-freedom with three equilibrium positiafigshe second mass, and linear dissipation at harmonic excitation Xe@), (b)
coordinates«, v; of fixed point of the first mass of excitation dityde hl; (c) oscillation amplitude Ax1 of the first mass hs.
Parameteramy =m, = 1,b; =b,=0.2,c;=1,cy=-1, Cpr = 1,0 = 1,90 = 0,k = 7,h1 = var.
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Fig. 6. Appearance of stable regimes — rare attractors the fully unstable subharmonic isles 2T (Figabyarying the first massy.
Bifurcation diagrams for driven chained system witlo degrees-of-freedom with three equilibrium piosis of the second mass,
and linear dissipation at harmonic excitation (e¢g), (b) coordinateg,, v; of fixed point of the first mass usy; (c) oscillation
amplitude Ax1 of the first mass wg. Parametersn, = 1,b; =b, =0.2,c;=1,¢1 =-1,c=1,h1=1, 0 =1,90=0,k=7,m = var.
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Fig. 7. Time histories and phase trajectories projectfonslriven chained system with two degrees-of-foradvith three equilibrium
positions of the second mass and linear dissipation at harmonic excitation Xe@), (b) for stable periodic regime P2, whichoogs
to bifurcation group of subharmonic isle 2T (Figatén, = 0.9000); (c), (d) for rare attractor RA P2 —b#taperiodic regime P2, which
belongs to bifurcation group of subharmonic isle (Fig. 6 atm, = 1.2199). Red and green dots mark fixed pointdfaRd RA P2
regimes correspondingly. Parametens=1,b; =b,=0.2,c;,=1, c¢y=-1,cp=1,h1=1,0=1,00=0,k=7
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Fig. 8. Chaotic oscillations, belonging to bifurcation gooaf subharmonic isle 2T (Fig. 6 a = 0.9105, dashed line) for driven
chained system with two degrees-of-freedom witleerequilibrium positions of the second massand linear dissipation at harmonic
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Results

Rare attractor RA P2 neanl = 1.2 (Fig. 6 and Fig.
7c,d) has different structure. From the right thirdold

Results of bifurcation analysis, at varying initial bifurcation and from the left there is Andronov-Hop

conditions and system parameter — amplitude of
excitation, are represented in Figs. 3, 4. Thedfisgstem
parameters arey =m, = 1,b; =b, = 0.2,¢c; = 1,¢y = -1,
Cr=1w= 1,(00 =0.

In Figs.
bifurcations groups, 1T group of main regime P1 amd
group of subharmonic regime P2, are shown for e f

3 and 4 bifurcation diagrams of two

bifurcation, which leads to almost periodic ostidas.
Conclusion
Bifurcation analysis of driven chain system withotw

degrees-of-freedom with three equilibrium positioos
second body is done using method of complete kifion

and second mass correspondingly. 1T group has: ra@soups. It is shown, that all phenomena typical doe-

attractors P1 RA, which corresponds to stable pario
oscillations near unstable equilibrium position Htdp
oscillations, and P4 RA; region with unstable peiGo
infinitium UPI-1 [10, 15]; and Andronov-Hopf bifuation

degree-of-freedom system with three equilibriumitiass
remain and there are new bifurcation groups withsual
structure  (topology) fully unstable “desert”
subharmonical isles, which consist only of unstable

athl = 0.88. 2T group is the twin subharmonic isles, Wwhic Periodic regimes. This phenomenon is concerned with

consist only of unstable solutions. “Twin isles” ans that
regimes of these isles are mutually symmetric.

Andronov-Hopf bifurcation. Changing system paramsete
leads to appearance of rare stable periodic andticha

On example of 1T bifurcation group we can concludg€gimes on these fully unstable isles.

that all phenomena typical for 1dof systems, likebke
periodic oscillations near unstable equilibrium ifios,
rare attractors of tip type, UPI regions and clwao
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observe phenomena usual only for systems with akver

degrees of freedom — Andronov-Hopf bifurcation, ethi
leads to almost periodic oscillations, and folduhkiftion

with both brunches unstable. And, as a result ohddnd

of bifurcation,
structure (topology) was found. It is fully unstabtitiesert”
subharmonical isle, e.g. at least one of stahitigrkers is
outside of unity circle. Separately bifurcation gtiams of
this new bifurcation group, only for first masse ashown
in Fig. 5.

Varying system parameters such as mass of oscdglati

bodies, linear dissipation coefficients, particuiffness
coefficients or excitation frequency, leads to agpace of
rare attractors on unstable branches of “desel@%.isAs
example, in Fig. 6, bifurcation diagrams for thestaible
subharmonic isles now with fixed parameter of atadk
of excitationhl = 1 and varying parameter of first mass

are shown. In this Fig. we can observe stable girio

regimes, several rare attractors of tip type, negiwith
UPI, chaotic attractors and almost periodic osiilfes.

It is known, that in systems with one degree
freedom tip rare attractors has the following dunces
from one side it is bounded by fold bifurcation anom
the other side by unstable periodic infinitium tgb
cascade of bifurcations of period doubling. Lettsnpare
this structure with rare attractors’ structure ystem with
two degrees of freedom shown in Fig.6.

Structure of rare attractor neaf ~ 0.9 (Fig. 6 and Fig.
7a,b) is similar to one in systems with one degoée
freedom — fold bifurcation from the left and UPI#2m
the right. And as it is known, in systems with alegjree of
freedom transition to unstable periodic infinitideads to
chaotic attractor. In case of rare attractor nmear~ 0.9
situation is the same, corresponding chaotic dtrais
represented in Fig. 8.
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