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SummaryDynamics of a weakly nonlinear two degree-of-freadiystem is analyzed. The problem is reduced tedhmlled effective
equation of the system internal motion. Novel rniapdr stationary and non-stationary phenomena iatiiby the system are detected,
analyzed and discussed.

I ntroduction

Energy exchange and non-stationary processes app@aany engineering dynamical systems and theyohmgreat

interest of many researchers. This problem has igly discussed in references [3, 5]. Owingttorggly nonlinear

differential equations governing majority of the far mentioned problems, mainly numerical appreachave been
applied [3]. However, one may observe in recentsg/@agreat interest in a successful applicatiomadern asymptotic
methods to engineering oriented problems [1, 4pdrticular, a novel idea for an effective studyohlinear dynamical
systems is linked with a concept of the so-calledting phase trajectories LPT (see [2]). In théport we are aimed
mainly on analysis of unsteady-state dynamics o26DOF nonlinear system using the LPT approach.

Formulation of the problem

The investigated system consists of a physical glend coupled with a small mass supported by a neali spring as
shown in Figure 1.

Fig. 1. Nonlinear 2-DOF system.

The pendulum moves in the neighborhood of its stgjuilibrium position. The systems exhibits fladtian, and the
pendulum is excited by the external mom#ht Viscous model of damping is taken and we assumeur further
asymptotic analysis that,<<m;.

Kinetic and potential system energies have the form

T=omZi0 2 10°). @

V = -gLm, - gmsScosp(t) + 2Kz (1)~ Lsing(t)} +K(2k) - Lsing1))* 2)

The external loading and damping are taken intsidenation as generalized forces. Equations ofanaiire derived
from the second type Lagrange equations, and they the following form

gmlSsin¢(t)+ kLcos¢(t)(Lsin¢(t) - Z(t))+ k L cos¢(t)(Lsin¢(t)— Z(t))3 +
#5L(2er +coL v oL co2p(t)pl) -caLcosplt) o +1090)= M codag)

K(Z{t)- Lsing(t)) + k,(2(t) - Lsing (t))} + c,2(t) + m,Z(t) - c,L cosp(t) 4(t) = 0, @

®)

wherelg, g, my, my, K, kg, ¢4, ¢, L andSare the known parameters.
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The equations (3)-(4) should be supplemented byirthial conditions for generalized co-ordinatesdaheir first
derivatives, i.e. one gets

2(0)=2,,2(0)=Vo, $(0) = 6. #(0) = . (5)
The problem is then transformed to the dimensi@niesn.
The effective equation gover ning the system internal motion
The carried out analysis of equations of motionstgia of two general steps. At first equations By (4) are

transformed into one Duffing type effective equatitn the second step, new complex variables d@rednced, and
phase trajectories of the system are studied icdke of a main resonance.

2
Dimensionless time=at, where «” = KLm, *+1o and a new dimensionless variablezs(r) = Z(T) and

lom, 0
dr):%(r) are introduced into equations (3) and (4). Neegtintroduce the variable describing internal motion

0
y(r)=2r)-dr).
Using the idea presented in [6], the original peobican be reduced to the effective Duffing typeatigu,
Y+ Ve Y+ Y+ey° =PcodQr + ), (6)

with the initial conditions

¥(0)= o, ¥(0)=vo. @)

where ye, 77¢, P, Q, @ are nonlinear parameters being functionk,ad, m;, m, Kk, ki, ¢1, 5, L, Qg andS,
Complex representation and limiting phasetraj ectories

Non-steady forced vibrations of weakly non-lineacibdiator are studied applying the method preseimtdd]. Equation

(6) is transformed to the new form by introducimgnplex variablegy = v +iy and@ =v-iy, wherev= % .
r

Multiple time scales methods is further appliedteAfintroduction of ¢ = y€”, = ye™* , a solution to the studied
complex problem is further being sought in the form

Hrie)= 38 (rom)+ ofe’) ®

wherer, =randr, = £r are time scales.

Then, a first integral of the solvability conditi yielded by the asymptotic approach is analyX&xdious regimes of
internal motion are detected using the phase méaenplitude and phase shift of oscillations.

Conclusions

Analytical study of the 2-DOF nonlinear dynamicgtem is presented. It is shown how the investibate degree-of-
freedom system is reduced to the 1-DOF systemseptiag the system internal dynamics. In particulan-steady forced
system vibrations are investigated analytically dinel obtained results are verified numerically. IBoualitative and
guantitative complex analyses have been perforitdtas been shown that the most intensive enemgyster in the
system is governed by behavior of the so-calledtitign phase trajectories. Important non-linear dyical transition
type phenomena are detected, monitored and distuss®ng other.
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