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Abstract. Planetary type vibration excitation systems amdyaed in the paper. It is shown that
resonance vibrations in such systems can occuhénrégime of self-resonance, which is
understood as a mode of motion when the angulgquémecy of a driving shaft is high, but the
generated vibration frequency is relatively low.e®tetical investigations of the effect of self-
resonance enabled to define the conditions of extigt and stability of such motion modes in
planetary vibroexciter. Such principle of vibratiexcitation can be successfully exploited in
different areas of engineering as it eliminatesrtbeessity of complex and expensive vibration
control and stabilization equipment.
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Introduction

Various types and modifications of vibration extita systems are widely applied in
different areas of engineering and technology. ¥vWechnological process has its own optimal
regimes of vibration characterized by range of dmtgies and amplitudes. Moreover, every
vibration excitation system possesses individuaratteristics describing the relationship
between the transferred vibration power and frequeramplitude characteristics.

The operation of vibration excitation systems isstneffective in the regime of resonance.
Such regimes are usually maintained by automatitrebsystems. The stability of the systems
without control usually is poor. On the other hanlde closed-loop control systems are
relatively expensive. Another possibility for geatmg stable resonance vibrations without
closed-loop control systems was found and invetstyan a number of research reports on
nonlinear dynamics [1], [2], [3]. In study [4], [3he dynamics of eccentric vibroexciter with
complex disbalance is investigated. It is shown tesonance vibrations can be excited without
adaptation of frequency of forced oscillations feeff of self-resonance can be applied for this
purpose. The main driving shaft in such vibroexsitean rotate with any angular velocity. The
eccentric non-linear forces generate stable vibmatiwith frequency corresponding to the
fundamental frequency of the non-linear system. dihe of this work is to perform theoretical
studies of a self-resonance effect in the planatdmation excitation systems.

Theoretical background

The scheme of the ordinalanetary vibration excitation system is preseritedrig. 1.
Vibroexciter is presented as double ring systera: fifst ring contains diameté&tR and has
possibility to rotate about axi; second ring with the radius moves without sliding on the
surface of the first ring. The non-sliding reginfette rings is arranged by introducing the tooth
on the surface of the rings. The disbalaBds placed on the ring at the poinB.
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Fig. 1. Scheme of the planetary vibroexciter system: lteragl ring; 2 — internal ring

Angular velocities can be expressed in the form:

¢53ZTR(¢51_¢52)+¢5221(¢51_¢52)+¢.2' (1)

whereg, - rotational angle of the ring 1¢, - rotational angle OA from horizontal linep, -

. : . . R
disbalance rotational angle according to line Ola= T

Kinetic energy of the system takes the followingrio

T=0,5m¥ + 0,547 + 0,5m, {- (R- p, cosg, ] +
+[X_( R- I‘)@ sin(¢2)]2} +0! 5 |2¢§ + 0- 5”13 {[_ |¢3COS¢3_ (R_ I’)¢52 COE¢2 1 + (2)
+[X_( R- I‘)¢52 Sin(¢2)_ |¢3 Sin¢3]2},

where X - displacement of the vibration excitelr; - inertia moment of the ringl according to

point O; |, - inertia moment of the ring 2 according to panfwithout disbalance massjn,

- mass of the ring 2 (without disbalance mass); ir | - disbalance mass and eccenttig; -
the mass of the casing.

From Eq. (2) and taking into account Eq. (1), kimetnergyT of the system takes the
following form:

T=05Mm+m+m)%+0,5J+1% L+ m A% P>+ 0,5{(1 ¥ L+
+(m,+ M)(R- 9% +(1-2) m[ F(1-2)+ 2(R- 1 lcost ¢ — ¢, I +
HAL- ), +myIPA(L- 1)+ mg (R- 1)lA cost ¢, — ¢, )B.h, —

~my 1A%, sin[ig, + (1- A )p,]1-{(m, + m)( R-r)sing, +

+myl(1- A)sin[ig, + (1- 1 ), 1154,

3)
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Differential equations of motion, taking into acobq. (3), acquire the form:

a X+ cx+ kx= ag,sin[ig, + (1- A)p,]+{ asing,+0,5 asinflg,+ (=1 p,1} +
+{a,cosg, + 0,50, (-1 )coshg,+ (2 ¢, W+
+a,A¢? coslig, + (1- 1 ), 1+ [a,(1- 1)+ 0,54 Jcoské,+ (2 §,44,,

a2&1 = M1(¢1) +AM 3(¢3) + 3.7')'(Sin[/1¢1+ (1_ /1)¢2]_ [ gt a?( R- DCOS/I @ 1_¢ 2)% 2
_¢22 (a7 + 0,585)(R— I')/?, sind @1_¢2 )1

[, + & (R~ D14, = M{¢) ~2,M{¢) +{ asin 4,+0,5 asin[Ag + (1~ A1) J} %+
+0,5a, (R— r)Ad’ sind @, — ¢, )~ a, (R- r)p, cost ¢,— ¢, »
+a,(R-NAg; sinA(p,~¢,)- [a,+ a(R- Hcosi ¢,~¢,).+
+a,(R- g, SinA (.~ 4.)
where & =m+m,+mg; a, =1, +21,+m°%; a,=@-2)°1,+ml*1-2)%;
a,=(m,+m)(R-r); a,=2ml(d-4);  a=a0-)(,+ml*); a, =myl1;
¢ — coefficient of viscous frictionk — stiffness; M,(¢,), M,(¢,) and M (¢,) — generalized
moments according to the coordinatgs ¢, and ¢, (driving and resistance forces) and these
moments are linear functions:
M.(9) = A-Bg,,
M.(¢,) =-K.9,, &)
M, (@,) = -K @,
A B, K,, K; — constants.

In Eq. (4) new variables are introduced:

X k C
’ » A= g Ad,,

= — = — V =

(4)

Py
N
N
x
1= 5]

Hg = L ﬂzzl_ AAZ(#AJ'_IuB)ﬂ‘l'

ml"'mx"'ng R
m, R-1
My = m A= R v A =2p,1-2)4,, (6)
_ __ &
A&— , A= . A ale,
a=i’ b= B ka_

a kR a ar’ a1 R2
Taking into account Eq. (4-6) the dn‘ferential etijplas of motion take the form:
a+2pa+ p'a=F,,
Ap =D, (7)
[A+ALlS,=D

where:
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F = Adg sin[ig, + (1-A),]+{Asing,+0,5A sinflg.+ (-1}, 1} ,+
+H{Acosg, +0,5A (I-1)coshg,+ (L1 ¢, B2+

+A S cosig, + (1- 2 ), 1+ {[A(L-2)+0,5A% Jcosfig,+ (-2 ¥, 1P .,
@, =a-bg — kA — kA(1-2)p,+ Adsin[ig,+ (1-1),]-

A+ A4,CoSA @, ~4,)P,~ 45 (A+0.5ANA SIM § -9,)

®©, = kb, + kAld,+ kA (A—2)p,+{ Asing +0,5Asinfig + (-1 Y )i+
+0,5A A A4 Sind ¢, — ¢, - Adg, cosl §.—¢, ¥

+A AP SINA @, —4,) - [A+ AL,COSA G~ )P +

+AAApH,SINA (B~ ).

Analytical investigation of the effect of self-resonance

Steady state motion can be analyzed when the angelacities of the ring 1 and 2 are
average and different and

o, =ot, (8)
where o, — angular velocity of the ring 1.

It is assumed that the deflections¢@f around the average value are small and therefore:
®©, = b, C)
wherecg is a fictitious small parameter, which is assurtedbe equal to one at the end of the
calculations.

Steady state regime of motion can be expressdtifotm:
a=o,+&0,+...,

Py =Pt EPy ..y (10)
where
a,.0;, 0, ,1=1, 2, ... — periodic functions of time.

From Eq. (7) and keeping in mind Eq. (9-10), thstfiapproximation of the system of
differential equations produces:

$ro = 0ot +C, (11)
where w,,, C — constants determined from approximation of higireers.
Equation for calculation of, , taking into account Eq. (8) — (11), takes therfor
G, +2vpa, + Pra, = (1, + 1, )05 cos t+ C 1
+ug Ao, + (- A)o,]  cos{[[ 1o, +(1- Ao ]t +(1- 2)C}.
From Eq. (12):
_ (Uatpg) o]
(p* - 03)* +(2v po,)
n /15/12[/1[01+(1—ﬂ,)(02]2 y
(P ~[A0, + (1= D) ,]%) * +(2v P Ao, + (1~ 1)o,])*
{(p> Ao, +Q - D w))cos{[ Ao, +L - Do Jt+L - )T +
+2v pliae, + (1-A)aw,]sin{[1a, + (1- 1), ]t + (1- 1)C}.

12)

~[(p? — ;) cos(,t+ C)+ 2 pw, sinp,t+ C)}

0

(13)
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Periodicity of ,, and Eq. (7), Eq. (10-13) lead to:

CT)Z a=o =(T)2([02,C), (14)
#2=020
where top line defines averaging by titne
Assuming thatkw, # @, , wherek, | — integer numbers, equation (14) looks like:
F=F,, (15)

where:

F, = kAo, —[K,— KA {1- 1),
£ _ 05+ ps ¥ 2005 (D)
2 2 2\2 2

(p"— ;)" +(2v po,)

. 05622, 2)o,+ (- A, T (2p)
(P° [0, + (L= D0, +(2v plAw, +(L- Do)

The effect of self-resonance can exist if the dquatl5) has a real solution in terms of .
The graphical solution of this equation is preseuteFig. 2 wheno, =38, p=15, v = 015,
A=5,1,=0.09, 4, =0.01, ¢, =0.05, k, =0.02, k, =0.05.
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Fig. 2. The steady state motion®: — stable[1 — unstable

The formation of the linearized variational equatigoroduces the conditions of stability of
regime of self-resonance:
oF, - oF,

. 16
0w, 0w, (16)

The stable regime of motion near the resonanceescribed by approximate equation
@, ~ p. Thus the planetary vibroexciter with high speeatars can guarantee the non-linear

dynamical effect when the generated self-resonfregeiency automatically follows the natural
frequency of the system.

The influence of system parameters to the steaatg segime of operation is presented in
Fig. 3.
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@,
a 1o 15 20 25 30 35 40 45
w,

Fig. 3. The steady state motionk-v = 0.1; 2-v= 0.15; 3v= 0.z20 - stable{d — unstable

As shown in Fig. 3, effect of the self-resonancpatels on systems parameterk m,
m,, m, and for example when = 0.1 self-resonance phenomena do not occur.

Conclusions

The dynamics of planetary vibroexciters is investiégl in the paper. It was determined that
self-resonance mode can coexist with usual vibmatimdes at certain parameter values when
the vibration exciter operates in automatic resoeamode. The conditions of existence and
stability of regime of self-resonance in planetaifyroexciters is determined. Such vibration
excitation systems have high practical value asetli® no necessity for complex vibration
control equipment — the stability of operation islaganteed by non-linear dynamical
interactions.
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