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DYNAMIKA REGULARNA I CHAOTYCZNA W UKLADZIE O DWOCH
STOPNIACH SWOBODY
REGULAR AND CHAOTIC DYNAMICS OF THE TWO-DEGREE-OF-
FREEDOM SYSTEM

In this paper our attention is focused on stick-slip regular and chaotic dynamics of
a two-degree-of-freedom system.
The analysed mechanical system with two-degree-of-freedom and the Duffing type
stiffness is shown in Figure /. The masses m,; and m, are oscillating on a driving belt.
The driving belt is moving with the constant
velocity vg. The moving bodies with masses

i (i=1,2 linked by li ko, k d | j: v " '
m; (i ) are ed by linear (k, k;) an 7 = J\/\,ﬁ §

k]l k2
non-linear (k;) stiffness and damping (¢, ¢, 2 i
¢;). The masses are influenced by dry I o ] s R e |
frictions F; (i=1,2) acting on each of masses, @ “;‘2 “?E (@)
correspondingly. The displacements of m, Ve
and m, are denoted by x; and x,, _
respectively.
Two-degree-of-freedom stick—slip oscillator Figure 1. The considered system

is governed by the following second order
differential system of equations:

m %, +(c, +¢, Ve, — ok, + (ko = Jx, + %) —kox, = F,

m,X, +(Co +c, )’22 —CyX, +(k0 —k, )xz +k2x; —kyx, = F,.
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Friction forces to the right-hand sides of equations (1) read:

Fl< toFy =, for 0w =0, .

F= _#FN Sgny,,, = _(ﬂﬂ(-)-l )'Fs sgno,,, for Oy * 0’
where: F is the friction force, 4 is the constant static friction coefficient, Fy is the

normal force, F; is the maximum static friction force, v, is the relative velocity, and the
dynamic friction coefficient is given by u = g, (1+ 5'0,,8,') .
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The non-dimensional form of equation (1) can be written as follows:

57 +ao()>1 ‘J>z)+alj’| "‘(1 - B )J”| +ﬂ2)’|3 =), =ﬁ‘1,, 3)

82V +a0(j!2 _J"l)"'azj’z +(l_ﬂt)}’2 +ﬂ2y§ =) =ﬁ2’

where: prime denotes differentiation with respect to non-dimensional time 7 = w,f, ¢ is
time, @, =k;°m°*, y, = kyx,Fg'. Other non-dimensional coefficients are defined as

. - 2 - -1 -1 -
follows: & =m,wlk,', &, =m,wk;', a, =c,wk,', @, =cwk, , a, =c,ok,",
B, =kk;', B, = kzF;k? , B= FS:FE' , and the forces are given by:

]

l '| =1 for Uy, =0, @
A, =sgn 5,‘;', (1 + 7|t3n,'ll) for 6,,“ #0,

|2I <k for Oz =0, ®)
F,=-fsgn 13,,,‘2(1 t }'lﬁ,,,‘2|) for U,,#0,

respectively, where: 0, = y, -0, (i=1,2), 0, = (km,)* v, Fs', y = F:s,.§(kyn)'°'5.
Examples of the investigated system are shown in Figure 2.
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Figure 2. Phase plot (a), Poincaré sections (b, c) for the parameters:
£=05, &=01, a=0, =002, a,=01, §=01, =06 g=1, y=3, b,=007 (ab) and
£=01, £=077, a,=0, a,=002, =009, B=022, B,=012, B=054, y=2, 0&,=032(
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