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Abstract
The results, presented in article [Indeitsev, Blekhman

and Fradkov, 2007] are extended on the case of the
system with self-synchronizing mechanical vibroex-
citers.It is shown, that so-called ”inner pendulum”
is obtained when perturb a steady mode of self-
synchronization of several inertial vibroexciters. In the
case of two activators the equation of semi slow oscil-
lations of ”inner pendulum” is obtained. Frequency of
these oscillations is much above the change of anqular
speed rate of rotors in start-up mode frequency.
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1 Introduction
Oscillations of the angular speed of rotation when

starting and stopping the inertial vibroexciter, the un-
balanced rotor that is established on resiliently sup-
ported rigid platform and set in rotation by the en-
gine of asynchronous type, are considered in article
[Indeitsev, Blekhman and Fradkov, 2007].By use of a
method direct separation of motions the equation of
”semi-slow” oscillations, so-called ”inner pendulum”,
was obtained for a second approximation.The existence
of such pendulum is important for formation of an algo-
rithm of optimum control of start-up mode of the device
which is characterized by the so called Sommerfeld ef-
fect.Roughly speaking, Sommerfeld effect is regarded
to be ”capturing” of rotor angular velocity near system
igene frequency.In [Indeitsev, Blekhman and Fradkov,
2007] there are also reviews of researches of this ef-
fect. In this work for the case of two activators the
equation of semi slow oscillations of inner pendulum
is obtained. It is remarkable, that the obtained formula
for frequency of indicated semi slow oscillations dif-
fers from corresponding frequency found in work [In-
deitsev, Blekhman and Fradkov, 2007], only by simply

Figure 1. The scheme of system

interpreted multiplier.By another much more complex
method - with use of asymptotic methods and by de-
composition of a small parameter on fractional powers
for another system semi slow rotor motions are investi-
gated in [Pechenev, 1992].

2 The Scheme and the Description of System

The considered system (Fig.1) represents the rigid
platform, connected with the motionless basis by
means of an elastic element with rigidity c and linear
dampening element with decrement factor β. Here 1
- The motionless basis; 2- A platform; 3 - Vibroex-
citer. Two unbalanced vibroexciters, unbalanced rotors,
which are set in rotation by asynchronous type elec-
tric engines; rotors’ axes are perpendicular to the os-
cillation direction of a platform, are set on the plat-
form.The described system represents the elementary
system considered in the theory of self-synchronization
of vibroexciters.[Blekhman,2000]



It is described system of three equations:

Isϕ̈s = Ls(ϕ̇s)−Rs(ϕ̇s) + msεs(ẍ sin ϕs + g cos ϕs)

Mẍ + βẋ + Cx =
2∑

j=1

mjεj(ϕ̈j sin ϕj + ϕ̇2
j cosϕj)

(1)

where s = 1, 2;ms, Is are weight and the inertia mo-
ment of a rotor of s-th vibroexciter with respect to axis
passing through its centre of gravity; Ls - the rotat-
ing moment of the asynchronous electric motor;Rs -
the force moment of resistance to the rotation, caused
by the resistance in bearings; M - weight of the whole
system;ε- eccentricity of a rotor; ϕs- angle of rotation
of the rotors, counted from an axis OX on a clockwise
direction; x - displacement of a platform from the po-
sition corresponding to the unstressed elastic element.

3 The Equation of Movement of the Inner Pendu-
lum (Semi Slow Oscillations)

As the theoretical researches confirmed by numerous
experiments [Blekhman,2000] show, system (1) under
certain conditions admits stable stationary solutions

ϕs = ωt + αs + ψs(ωt) (2)

where αs=const; ψs, x − 2π - periodical functions
with zero averages on this arqument; these solutions
correspond to the synchronous rotation of activators’
rotors with average frequency ω.
Near to stationary value αs=const phase shifts αs rep-

resent slowly changing time functions t, satisfying to
the equations:

Isα̈s + ksα̇s = σsLs(σsω)−R0
s(ω)+

+ Vs(α1 − αk, ..., αk−1 − αk, ω), s = 1, 2
(3)

where the vibrating moments

Vs = −msεsω
2

2M∆

k∑

j=1

mjεj sin(αs − αj − γ) (4)

And each of sizes σs can be either 1 or -1; rotor ro-
tation of the s− th activator in positive direction cor-
responds to the first case, rotor rotation of the s− th
activator in negative direction corresponds to the sec-
ond case.Here:

∆ =
√

(1− λ2)2 + 4n2, sin γ = −2n

∆
,

p =
√

c

M
, n =

β

2Mω
, λ =

p

ω

(5)

It is also supposed, that α̇s << ω. For two identical
vibrators Ls −Rs = 0,and the system transforms into:

Iα̈1 + kα̇1 =

= − (mεω)2

2M∆
(sin(α1 − α1 − γ) + sin(α1 − α2 − γ))

Iα̈2 + kα̇2 =

= − (mεω)2

2M∆
(sin(α2 − α1 − γ) + sin(α2 − α2 − γ))

(6)

It is obvious the stationary values of slow variables
αs = const correspond to synchronous motion.
Indicate α = α1 −α2 and subtracting the second sys-

tem equation from the first one (6), we will obtain

Iα̈+ kα̇+
(mεω)2

M

p2 − ω2

((p2 − ω2)2 + 4n2ω2)2
sin α = 0

(7)
Here k− total decrement coefficient. This equation

has two stationary solutions α = α1 = 0 and α =
α2 = π. The first solution α = α1 = 0 is steady in
preresonant area ω < p, and the second α = α2 = π-
in postresonant area ω > p.

4 Semislow Oscillations Frequency; Comparison
with Results of Work [Indeitsev, Blekhman and
Fradkov, 2007]

Frequency of relative free rotors’ oscillations in both
cases is determined from the equation:

q2 =
mεω2

√
MI

√
|p2 − ω2|√

(p2 − ω2)2 + 4n2ω2
(8)

It is remarkable, that this frequency in
√

2 times more
than semi slow rotor oscillation frequency

q1 =
mεω2

√
2MI

√
|p2 − ω2|√

(p2 − ω2)2 + 4n2ω2
(9)

obtained in work [Indeitsev, Blekhman and Fradkov,
2007].
Note, that such difference completely corresponds to

difference of frequencies of free oscillations of a cargo
weight m on a spring with rigidity c and two free iden-
tical weights m connected by a spring with the same
rigidity.
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