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Introduction

The simple synchronisation of mechanical systems is
deeply investigated in the research works of I.Blechman
[1]. The multiple synchronisation of some systems was
investigated by K.Ragulskis [2 - 4] and his coworkers.

The dynamical system is analysed as an essentially
nonlinear one in which the multiple synchronisatioriymay
exist. For the investigation of the latter as an essentially
nonlinear system two small parameters are used with the
help of which the conditions of existence and stability are
determined. More complicated processes and regimes of
chaotic type are analysed by numerical methods.

The analysis is performed for the case of a plane
system. This system consists of a case which in the plane
may perform two orthogonal longitudinal motions. The
case is excited by two unbalanced rotors, which rotate in
the opposite directions.

Investigation
The kinetic and potential energies of the analysed
system are described by the equations
7= OJS(HIIJ%Z + m}_.jzz + f1¢12 + ];jp%) +

+mlr1(,'[)1(—isimp1 +jzcosq)1) +

(1)

+m2r2q')2(isinq)2 + )'Jcoscpz) ,
1= O,S(cxx2 + c}.yz) + mlg(y + 77 sin ‘-Pl) +
2)

+m2g(y+r2 sin(pz) ,

*

and the dissipative function is of the form

.2 o)
D= OﬁS(Hxx +H,P ) .

here
m. = m + mj; my, =mg+m +my; [} = Iy + mlrlz,

2 d .
Iy =lyg+mpry, = 7 M the mass of the carrying

body, m;— the mass of the i-th disbalance (i = 1,2), r,—
the radius-vector of the i-th disbalance, /;— the reduced

moment of inertia of the i-th member, x, y — the orthogonal
displacements of the carrying body, ¢,- the angles of
rotation of unbalanced rotors.

The mathematical model of the system with
introduced two small parameters p and £ which take into
account the nonlinearities of the system is the following
system of essentially nonlinear differential equations

mei+ HoX+eox = ’”1'”1(@1 SinQp + ¢ COS(P])—"’z"z(@z sin @, + 3 COS(Pz);

i 3 i i o SR,
myy+Hyy+ce,y= ml"i((lh cosQy — P Sln(PI)“”?zfz((Pz CosPg — Pz sin (Pz}s

(4)

llif)l - sm]rl(—,i;sin ® +j,}cog(p1) +Emrgcospy = g.Ml(tbl);
Iy + amzrz(i:sin 0, + jicosq)z) +EMyry gCosPy = 5M2(¢2)1

where the parameters pand & at the end of calculations

are made equal to one.
The local steady state regime is analysed

1

P =0, EZEW:

where the dashes over the letters mean averaging with

respect to time.

The periodic solutions of the system (4) are sought in

the form of the following series:

X =Xptexi+..., y=ygt+ey+..,

©1 =010 TEQ+..., @ = (P:zo(!l) +5<le(!-1)+---: (5)
the last of which corresponds to the regime of multiple
synchronisation.

By taking into account only the linear part with respect to
1 for the case of the conservative system and equating the

coefficients at equal powers of € when H, = H, =0 the

differential
determined

equations are obtained, from which it is
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2
ORATE ' 02503 nly,
Xp Ap—z_':“m—zcosmf B + 02502 sm(OS(D! +0'.) (7 The sy
025w "ly, ( ) )
—"“"—ﬂ—cos 0501 + o) ; 2
P2 —0250° Qg =1 ; (8)
Tl
2
0Nk, i
Yo = —2-—};sin ot + g;?;;t(
-
& stabili
32M regim
Pog =050f +a+p Dcos(()jSml + cx) ——-zu—zg—-sin(O,Srnr +oc) + numer
Dlyw (8+D2) preser
2 2 2 2 2
16811/[2[(2-3-[) i (p1.~w )+2p1, (P2-0 )} b =
1 - -1 pe
. 5 . -cosZ(O,Smr + OL) » (9) »
o?(8+ DZ)[SMX1 (p). —mz)ﬁ(s-;- D*au, (p? -0 ]J ;1
1 =
From the conditions of periodicity of ¢ and it is obtained E
that n
) 2¢(p2 - 02)p? - mz)[st + Do ?(1+05KD)] 85 dynar
cos2a = ;
2
]2."](1)6,92[“)‘1 (pf ﬁ(;_)z)_ !_1‘_1 (p% el (1] )] Concl
2 2
m]rlrzm4 P_rz(P\- - 0,250 )—H\ P1 - 02507 ’ (11 1‘
comp
16 ’ (p\ ~0250 Xp} 0250 ) ‘ ;"“P‘
In the equations (6 — 11) it is denoted
oy m iy ¢y my iy dnyirn g 32M,
Py = _\: Hy=""» =T Py =, !'1)1!1:_’ f*ll_z:._'_s D=—=2=2_ L=- YA L
m, m, me m, m, " my Iro DIyo (g+ D ) :
% 16M, (2+DZ)-“x1 (P.wz- —0 )*2“,1-1( 5~ ) -
T B 2} g .0 2 L :
I (8+D ) prl(p}.—u) )-(8+D )p}.]( e —0}= ) ) _
S =2,

According to (4 — 11) the condition of stability of steaHj' state multiple synchronisation is obtained

¥

i, (pf. -02507)-u,, (pf — 02502

sina > 0. (12)
(p}. - 0,25@2)(,0}‘. - 0250 2)

The cor}diFions of e_xistence and stability (11) and Fthi+ p%x -x g
(12) define the limits of variation of the parameters of the Ly
system with which it is possible to implement the regime Y+hpy+pyy =Y, (13)
of multiple synchronisati_on. S0 + M., +mygr cospy = My ((Pl) ez

For numerical investigation the analysed system . ) :
is reordered into the following one J202 + M, +magry cos@y = M2(LP2);

where

X = p_\.lrl(cpl sing; + 0] coscpl) \-21'2((137 sin@y + Q3 cosgoz)
Y=-p, fl(ﬂ'[')l cos @ - §7 sin (Pl)ﬁ Llyzrz(sz cosy - 3 Siﬂ(Pz),
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le = ml"l(—fsm% "'_ifl’COS(pl),
11/{[ = A;‘ = B(Pl .
The system is analysed when

Aj = const; As = var.

The performed calculations in the sufficiently wide for
practice interval of change of parameters confirm the
coincidence according to the zomes of existence and

. stability and the characteristics of steady state synchronous
& regimes. But other types of regimes may be analysed only
“ numerically. Here some of their graphical realtionships are

presented (fig. 1 —4) for the following parameters

h, =hy, =02; py =4/05; Py =,/08;
H1 =Ua :0,5’ n =f’2 =0__5; ]1 :]2 :1’0; g:O,
B, =B, =06.

R

From the presented graphical realtionships it follows
that non steady state regimes play an important role in the
dynamics of such systems.

Conclusions

1. The dynamical qualities for the case of a
complicated mechanical system the case of which may

M, = ’”2"2(555“1‘92 +jcos®q) ,

. dynamically

(14)
(15)

move in a plane according to two orthogonal coordinates
and which is excited by

2. two unbalanced rotors rotating in the opposile
directions are revealed. It is shown that in the system
complicated steady state regimes may exist, such as chaos,
combined synchronisation.

3. The zones of existence of regimes of separate types
are shown by analytical realtionships and graphically.
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Fig. 1 The transient to steady state process of the synchronous regime at @ > Py A =4, =10
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Fig 2 The steady nonperiodic state regime at @ > Py A1=11L A4, =10

Fig.3 The transient to steady state process of the synchronous regime at Py <w<p.; A =0501; 4, =05
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08 Ay =05
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Fig. 4 The steady state nonperiodic process al p, < ® < Py
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