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1. Introduction

2. Literature review and problem statement

Among vibration machines, the most potentially produc-
tive are mechanisms that combine in themselves advantages
of resonant and dual-frequency vibration machines [1—4]. The
resonant operating mode provides vibrations of big sizes of the
box and weight at the minimum expenditure of energy and the
minimum loads on the drive parts [1, 2]. An operating mode
of dual frequency or more ensures increased productivity and
performance of additional technology processes [3, 4].

It is suggested to excite dual-frequency vibrations of the
screen box with various kinematics of motion by a passive
auto-balancer [5]. In different fields of production, screens
with a flat translational motion of the box are widely applied
[2]. In this regard, it is essential to check the possibility of
exciting dual-frequency vibrations by a passive auto-balanc-
er at such kinematics of the box motion.

Among vibration machines, the most power-effective
are resonant [1]. The resonant mode of vibrations provides a
possibility of using a small drive to set in motion large boxes
of screens at a minimum expenditure of energy [2].

A further increase of energy efficiency and productivity
of resonant vibration machines is provided with using in
them two [3] and more [4] frequency vibroexciters.

In study [5], it is suggested to excite resonant dual-fre-
quency vibrations of the screen box by a method of using a
passive auto-balancer. According to the method, the auto-
balancer is mounted on a rigid shaft, and the shaft is in-
stalled in a rigid support on the screen box. When the shaft
is rotated at superresonance velocities, there appear slow and
fast harmonic oscillations of the box. Meanwhile, the slow
vibrations are vibrations of the box at its own resonant fre-




quency. At this frequency, corrective weights get stuck in the
auto-balancer and, therefore, excite slow resonant vibrations.
The rapid vibrations of the box take place at the frequency
of the rotor rotation. They are excited by the unbalance on
the auto-balancer body. The parameters of dual-frequency
vibrations change over a wide range by changing the velocity
of the rotor rotation, the unbalanced mass on the body of
the auto-balancer, and the total mass of corrective weights.
It is supposed that the method is applicable to screens with
different kinematics of the box motion.

In work [6], proofs are provided on the operability of the
method of a translational rectilinear motion of the screen
box, and in work [7] — of a vibration rotation. The possibility
of changing the characteristics of dual-frequency vibrations
is confirmed for broad ranges. In the conducted studies, the
dynamics of the screens are modeled by using the CAD sys-
tem SolidWorks and its module Cosmos Motion.

Among vibration machines, screens with a flat translational
motion of the box have become broadly applied [3]. Therefore,
it is important to check the operability of the new method of
exciting vibrations at such kinematics of the box motion.

It should be noted that the effects of corrective weights
being jammed in auto-balancers at one of the resonant
velocities of the rigid rotor rotation with isotropic support
have been investigated in many studies [8—14]. In work [8],
a generalized model of vibration mechanics is offered, and
the equations of its motion are received. It is shown that the
Sommerfeld effect, which is the phenomenon of stability of
the upper position of a pendulum on a vibrating basis, the
effect of the pendulum “jamming” at resonance frequencies
of the system, and others are special cases of motion within
the generalized dynamic model. It allows extending some re-
sults received for rotors with auto-balancers to screens with
vibroexciters in the form of auto-balancers. Let us consider
works [9—14] in more detail.

In [9], a study is undertaken to explore static balancing
of a flat model rotor on an isotropic support with a dou-
ble-pendulum auto-balancer. Equations of the motion of the
auto-balanced rotor have been worked out. Their numerical
integration has revealed the effect of the pendulums’ jam-
ming at the (only) resonant velocity of the rotor rotation.

In [10], two different correction planes are considered
for a dynamic balancing of a rotor by two double-pendulum
auto-balancers within a model of a long rigid rotor on two
isotropic supports. The study reveals jamming of pendulums
at one of two resonant velocities of the rotor rotation.

In work [11], the phenomenon of the pendulum jamming is
studied experimentally. The experimental apparatus is a motor
mounted on a metal plate that is mounted on a fixed base by
means of four springs. The pendulum is mounted on an electric
motor shaft with a possibility of free rotation. It is established
that at certain ratios between the system parameters the elec-
tric motor rotor rotates at a working angular velocity, and the
angular velocity of the pendulum rotation matches one of the
fundamental frequencies of the plate vibrations.

Thus, in works [9—11], attention is mainly given to the
conditions of an existing effect of pendulums’ jamming at
resonant velocities of the rotor rotation. The characteristics
of vibrations arising meanwhile are not studied.

In work [12], a rotor on two axisymmetric elastic sup-
ports is considered being counterbalanced in one correction
plane with a ball auto-balancer. The study develops differ-
ential equations on the rotor system motion. The numerical
integration of the differential equations on the rotor motion

has revealed an effect of the balls’ jamming at the smallest
resonant velocity of the rotor rotation. In work [13], this
effect is investigated analytically. An approximate solution
of the differential equations on the motion of a rotor system
with an auto-balancer has been received. The first approx-
imation (by the small parameter) already establishes that
vibrations of the longitudinal axis of the rotor are of dual
frequency. A smaller frequency is equal to the smallest reso-
nance frequency of the rotor rotation, and a higher frequency
corresponds to the frequency of the rotor rotation. Moreover,
vibrations at a smaller frequency generate balls’ jams, and at
a higher frequency — rotor unbalance.

In work [14], it is considered how a flat model of the rotor
on an isotropic support is counterbalanced with a two-ball
auto-balancer. Numerical methods are used to determine the
boundaries of the system parameters inside of which there
occurs the effect of pendulums’ jamming.

The results of studies [9—14] prove that passive auto-bal-
ancers (pendular, ball, or roller) in principle can excite vibra-
tions that are close to a dual frequency of a screen box making
a flat translational motion. However, possible dual-frequency
vibrations of the box are not investigated, and their proximity
to dual-frequency vibrations is not estimated either.

Therefore, the present study is focused on researching
steady vibrations of a screen box with a flat translational
motion of the box excited by a ball auto-balancer, as well as
the law of vibrations and its parameters.

3. The purpose and objectives of the study

The purpose of the study is to test and define steady vi-
brations of a screen box with a flat translational motion and
with vibrations excited by a ball auto-balancer.

To achieve this purpose, it is necessary to solve the fol-
lowing problems:

— to develop (in a CAD system) a 3D model of a screen
box with its flat translational motion and a ball auto-balanc-
er for exciting vibrations;

—to use the 3D modeling of the dynamics to receive a
signal in the form of vibro-displacements of the screen box;

—to study the motion trajectory of the box points to
check the qualitative level for determining if the box vibra-
tions are really of dual frequency;

— to test the assumption that the law of the box vibra-
tions at a dual frequency can help determine the coefficients
in the law with the use of methods of statistical analysis;

— to compare the law of the box motion that is found by
the 3D modeling with the dual-frequency law that is identi-
fied by methods of statistical analysis.

4. Methods of researching the dual frequency of flat forward
vibrations of a screen box excited by a ball auto-balancer

The 3D model of the vibration machine and the dual-fre-
quency vibroexciter in the form of a ball auto-balancer is
developed in the CAD system SolidWorks.

The modeling of the vibration machine dynamics is car-
ried out with the use of the Cosmos Motion module.

The setup and the testing of the model are based on the
main data from the theory of vibration machines [15].

The box makes a flat translational motion. Thus, it is
possible to study the law of motion of the box by the motion



of one its points. Further, the law of flat forward vibrations of
the box is investigated by the motion of the center of mass of
the box in a vertical plane. The motion trajectory of the cen-
ter of mass of the box is estimated with the use of elements of
the theory of flat transcendental curves [16].

We suggest defining the type of the excited vibrations of
the box with the use of elements of the theory of vibrations.
The coefficients in the law of dual-frequency vibrations are
identified by the least-squares method, which is implemented
in the software package Statistica for statistical analysis [17].

5. The results of researching flat translational vibrations
of the screen box excited by a ball auto-balancer

5. 1. Description of the 3D model of the screen

For carrying out the research, the 3D screen model
described in work [7] has been modernized. The 3D model
consists of such main parts (Fig. 1): the box 1, a replaceable
sieve 2, a pliable box support 3, a rigid support 4, shafts 5,
the body of the auto-balancer 6, balls 7, and an unbalanced
mass 8 on the auto-balancer body. Due to the modernization,
it has been made possible for the box of a size of 200x300 mm
to make a flat translational motion. The motion of the 3D
screen model is described on the three mutual and per-
pendicular axes X, Y, and Z forming the right rectangular
Cartesian coordinate system. The Z-axis is directed parallel
to the longitudinal axis of the shaft at not deformed springs
(Fig. 1). The X-axis is directed vertically up. The Y-axis
is horizontal. When carrying out the experiments, gravity
forces are taken into account.

/
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Fig. 1. A 3D model of a screen box with
its flat translational motion

The adjustment and testing of the 3D model
have revealed such key parameters influencing the
stability of dual-frequency vibrations: the coeffi-

The adjustment and testing of the 3D model are held by
elementary tests [7].

5. 2. Testing of the research methods

Vertical vibrations of the center of mass of the box have
been investigated in the absence of the shaft rotation and
with motionless balls in the auto-balancer. According to the
linear theory of vibrations, their law must correspond to the
law of free damped oscillations [15]:

—ht

X=0a-e " cos(w,t+p)+H. (@)
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Here o, is the frequency of the box’s own vibrations;
o and B are the parameters depending on the entry condi-
tions; H is the constant shift on the X-axis.

The 3D modeling has resulted in a table of the depen-
dence of the X coordinate of the center of mass of the box on
time (because of its big size, this table is not provided in the
article). In the table, time changes through equal steps. It is
noteworthy that both the step of the time change and the
“measurement” intervals of the coordinates can vary.

The obtained data have been processed through the soft-
ware package Statistica for statistical analysis. The package,
with the use of the method of the least squares, defines the
unknown coefficients o, h, @, B, and H by introducing the
law of damped oscillations (1).

The parameters are identified at various time intervals
corresponding to the 1st, 3rd, 6th, and 11th slow vibrations
of the screen box. During one slow vibration of the box, the
X coordinate of its center of mass was “measured” 74 times.

The results of the identification are shown is Table 1. In
the table, the maximum discrepancy between the valid co-
ordinates (found by the 3D modeling) and the coordinates
found under the dual-frequency law (1) throughout the
whole interval of the time change is estimated in %.

Table 1 shows that the process of determining the param-
eters’ values is steady (robust), and the parameters practical-
ly do not change with changes in the time interval.

Fig. 2 contains graphs of the changes of the X coordinate
of the center of mass of the box constructed by formula (1)
and by the results of the 3D modeling.

Show that:

— for both short and long intervals of time, the law of
vibrations is largely accurately described by the law of free
damped oscillations (1);

— an increase in the time period does not virtually increase
the discrepancy between the actual coordinates and the coor-
dinates found under the law of damped oscillations (1).

cient of the support rigidity k; the coefficient of Table 1
the viscous resistance force of the support Bg; the Results of identifying the coefficients in the law of
unbalanced mass on the auto-balancer body M; free damped oscillations of the box
the total weight of the balls M__; the box weight M;
the shaft speed w,; the coefficient of the viscous No Ijilll;;i?gr?sf o © N b H Discrep-
resistance force against the balls’ motion h,. | (measurements) " ancy (%)
Such values of the parameters have been accept-
ed by default: M, =20 g, M,, =80 g, M=2,000 g, and | 1 1 (74) 2.11795 | 68.06436 | 0.09496 |6.32108|37.88034| 1
®,=3,000 rpm.
The coefficient of the support rigidity has been 2 3(222) 2.11146 | 68.06179 | 0.09468 |6.23060|37.88016 1
chosen so that the frequency of the center of mass of
the box own vibrations on elastic shock-absorbers | > 6 (444) 2.11109 | 68.05190 | 0.09398 | 6.22681 ) 37.88049 !
c?uﬁi be 11 s’;), Withkthz It\Io/tal Co(szfi"(:ieftlt 01; rifidity 4| 11(814) | 2.11092 | 68.05156 | 0.09403 |6.22534|37.88015| 1
of all springs being k=4 N/mm (default value).
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Fig. 2. Graphs of changes in the X coordinate of the center of
mass of the box corresponding to free damped oscillations

5. 3. An assumption on the law of motion of the box and
the identification of the parameters entailed by the law

An assumption on the law of motion of the box will be
based on studying the trajectory of motion of the center of
mass of the box.

The experiments of the first group have revealed separate
components of the complex motion of the box. Therefore, the
first experiment was made in the absence of the balls (Fig. 3, a)
and the second — in the absence of an unbalance (Fig. 3, ). The
3D modeling has revealed that in both experiments the center
of mass of the box moves in a circle of a corresponding diameter.

Y, mm Y,mm

16,7 16,7 / \
14,7 O 14,7 ( )
12,7 12,7

N

X,mm 10,7 ‘

10,7 ‘
35 40 35 40
a b
Fig. 3. The trajectory of the motion of the center of mass of

the box in the vertical plane: @ — in the absence of balls;
b — in the absence of an unbalance

X,mm

It allows assuming that the box motion is the sum of two
motions:

— aslow circular motion at an angular velocity of correc-
tive weights rotation o, and an amplitude of B;

— a fast circular motion at an angular velocity of the ro-
tor rotation @, and an amplitude of A.

As the circular motions occur in one direction, the curve
by which the center of mass of the box moves has to be an
epitrochoid [16].

The experiments of the second group were used to prove
that, in the presence of balls in the auto-balancer and an
unbalance on the auto-balancer body, the component mo-
tions are integrated, and the box motion proceeds along the
epitrochoid. The study considers the influence produced on
the trajectory of motion by the center of mass of the box at
an angular velocity of the rotor rotation.

It has been established that if the o, frequency exceeds
the o, frequency an integral k number of times, the motion
is periodic; in this case, the epitrochoid is closed, and it has
(k—1) petals (Fig. 4, a).

If the o, frequency exceeds the o, frequency an irrational
k number of times, the motion is quasi-periodic; in this case, the
epitrochoid is opened, and it has (k—1) petals (Fig. 4, b).

At the identical ratio between the frequencies o, and @,
(k=const) and a small unbalance, the epitrochoid is shortened
(Fig. 5, @). With an increased unbalance, the epitrochoid be-
comes normal (Fig. 5, b), and then it gets extended (Fig. 5, ¢).

14,7

9,7 +— =

342

Fig. 4. The epitrochoids: a relational dependence between
the frequency of the rotor rotation and the frequency of the
balls’ rotation: @ — closed k=4; b — opened k=3+\/§

Y, Y,
mm mm
14,7 + 14,7 +
9,7 X, mm 9.7 = X, mm
34,2 39,2 34,2 39,2
a b
Y,
mm
14,7
9,7 X,mm
34,2 39,2
c

Fig. 5. The epitrochoids (k=4) when the unbalance is:
a— small M,=20 g; b — average M,=50 g; ¢ — big M,;=80 g

Thus, the conducted tests prove that the box makes a
complex flat translational motion, which is the sum of a
circular motion at the frequency of the rotor rotation and a
circular motion at the frequency of the balls’ rotation (with
the fundamental frequency of the platform vibrations). It
allows assuming that the Cartesian coordinates X and Y of
the center of mass of the box change under the law of dual-
frequency vibrations:

X =A-cos(®,t+8)+B-cos(o,,t+7)+H,

Y =A-sin(o,t+8)+B-sin(o,,t+7Y). (2)

Here, A is the amplitude of vibrations at the frequency of
the rotor rotation; o, is the frequency of the rotor rotation;
t is the time; & is a phase; B is the amplitude of vibrations at
the frequency of the balls’ rotation; o, is the frequency of
the balls’ rotation; v is a phase; H is a displacement on the
X coordinate.

5. 4. Identification of the coefficients of dual-frequen-
cy vibrations

The 3D modeling has produced a table of dependence of
the coordinates of the center of mass of the box on time (in the
present article, it is not provided). In the table, time changes
over equal steps like in the experiment described in section 5. 2.
Then the obtained data were processed through the Statistica
software package for statistical analysis. This software package,
with the use of the least-squares method, has determined the
unknown coefficients A, ®, 3, B, ®,., v, and H within the law
of dual-frequency vibrations of the box (2).



The results of the identification are shown in Table 2.
In this table, the maximum discrepancy between the valid
coordinates (found by the 3D modeling) and the coordinates
found under the dual-frequency law of vibrations (2) through-
out the whole interval of time changes is estimated in %.

The data, obtained through the software package Statis-
tica for statistical analysis, were used to construct graphs of
changes in the X coordinate of the center of mass of the box
at various intervals of time (Fig. 6). The constructed graphs
have practically matched the graphs constructed by the
CAD system Solidworks. The discrepancy does not depend
on the size of an interval and does not exceed 1 %.
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si—A— ol

38—~ A\ 58

5 A Vo w1y v
\V4

X,mm —— Analysis - - -

34 T \7t,s 34 T T s
6,15 6,2 6,25 7,99 8,09 8,19
a b
X,mm —— Analysis - - - - 3D Model

10 10,1 10,2 10,3 10,4 10,5

—— Analysis - - - - 3D Model

13 13,2 13,4 13,6 13,8 14
d

Fig. 6. Graphs of changes in the X coordinate of the center

of mass of the box through time: a— 1; b— 3;c —
slowing the box vibrations
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“actual” law of vibrations for the box and the dual-frequen-
cies does not exceed 1 %.

Thus, it is possible to claim, with a high degree of ac-
curacy, that the ball auto-balancer excites practically ideal
dual-frequency vibrations of the box.

A two-level experiment was further undertaken to de-
termine the dependence of the amplitudes of fast and slow
vibrations on the unbalanced mass across the auto-balancer
body M,, and the total masses of the balls M. The value of
the masses changed in the range of 20 grams to 40 grams

(Table 3).

Table 3

Dependence of the amplitudes of fast and slow vibrations on
the unbalanced mass and the total mass of the balls

Mass | Amplitudes Frequencies A B

Ne —
M,|M,| A B o) o) M, My,

ow T Tes

1140 | 40 [0.6037|1.3497|276.4588 |68.84183{0.015093|0.0337425

2120 20 |0.3031|0.6748)|276.4621|68.81166|0.015155(0.0337437

320 40 [0.3035(1.3473|276.4456|68.82109{0.015175|0.0336825

4140 | 20 [0.6094|0.6745|276.4480(68.81185(0.015235]0.0337264

The experiment has determined that the relation of the
amplitudes to the corresponding masses does not change. It
confirms that the values of the amplitudes are directly propor-
tional to the unbalanced mass and the total mass of the balls.

6. Discussion of the research results on flat translational
vibrations of a screen box excited by a ball auto-balancer

The conducted tests have proved that the ball auto-bal-
ancer excites almost ideal dual-frequency vibrations of
the screen box that makes a flat translational motion. The
discrepancy between the law of motion received by the 3D
modeling and the law received by the methods of statistical
analysis is less than 1 %.

Furthermore, the auto-balancer

_ o Table 2 works as two independent inertial
Results of identifying the parameters of vibroexciters. The first vibroexciter
dual-frequency vibrations is formed by the balls that are close-
ly pressed to each other. The balls
Number of . .

o Discre- | cannot catch up with the shaft; they
Ne | slow vibrations A o, A B O, H ancy (%) h h 1
(measurements) pancy (7o)|  gather t.oget. er tq rotate aroun
the longitudinal axis of the shaft at
1 1(74) 1.1761|276.4491 | 1.3224 | 2.6842 | 68.8971 | 6.2863 | 38.2881 1 the frequency of the box’s own vi-
2 3(222)  |1.1774|276.3858| 2.4804 | 2.7346 | 68.8342 | 9.4845 | 38.2882 | 1 brations. It generates slow resonant
circular vibrations of the screen box.
3 6 (444) 1.1782 276.4798 | 15.5549 | 2.6862 | 68.7929 | 13.0746 | 38.2882 1 The second vibroexciter is formed
b unbalanced n the auto-

4| 11(814)  |1.1777|276.4670|6.3324 | 2.7211 | 68.8605 | 18.4193 | 38.2888 | 1 Y 4n UNbaianced mass on the auto
balancer body. It excites fast circu-

The graphs (Fig. 6) and Table 2 show that:

— process of calculating the values of the coefficients in
the law of dual-frequency vibrations (2) is steady (robust) as
the values of the coefficients practically do not depend on a
time interval at which they are calculated;

— for both short and long intervals of time (during sever-
al slow vibrations of the box), the discrepancy between the

lar motions of the box at the shaft

speed. The motion trajectories of the box points in the re-
sulting motion are flat transcendental curves — epitrochoids.
The Cartesian coordinates of the box points fluctuate
under dual-frequency laws. The first frequency corresponds
to the velocity of the balls’ rotation, and the second relate
to the velocities of the shaft rotation. The amplitude of slow
vibrations is directly proportional to the total mass of the



balls, whereas the amplitude of fast vibrations relates to the
unbalanced mass.

The approach that was applied in the present study to
research vibrations excited by a passive auto-balancer can be
used also in natural experiments. Moreover, the vibro-dis-
placement (vibro-velocity or vibro-acceleration) of the box
can be received with the use of relevant sensors.

It should be noted that the results have been received
by a 3D modeling of the dynamics of a specific stand of a vi-
bration machine. Therefore, the numerical results cannot be
used for designing other vibration machines. However, the
approach that is applied in this study can be used without
basic changes for any other vibration machine with a flat
translational motion of the box.

Further it is planned to carry out experiments at a natural
stand to confirm the results obtained through the 3D model-
ing, as well as to create and analyze a mechanical-mathemat-
ical model of a screen with a dual-frequency vibroexciter of
vibrations in the form of a passive auto-balancer.

7. Conclusions

1. The study has proved that an effective method of
obtaining the law of motion on separate points of a screen
box in the numerical form is to create a 3D model of the
screen in a CAD system and to simulate its dynamics. The

obtained data are considered as a signal the type of which is
to be defined.

2. The research of the motion trajectory of the center of
mass of the box has shown that the motion is the sum of two
circular motions:

—a slow circular motion at an angular velocity of the
balls’ rotation;

—a fast circular motion at an angular velocity of the
rotor rotation.

The motion trajectory of the center of mass of the box is
an epitrochoid. The projections of the center of mass of the
box onto the coordinate axes in the motion plane allegedly
change under the law of dual-frequency vibrations.

3. Under the assumption that the projections of the cen-
ter of mass of the box produce dual-frequency vibrations, the
software package Statistica for statistical analysis was used
to choose the coefficients under a relevant law. Eventually, it
has been established that:

—the process of determining the values of the coeffi-
cients is steady (robust), and the coefficients practically do
not change with changes in the time interval,

— the amplitude of slow vibrations is directly proportion-
al to the total mass of the balls;

— the amplitude of fast vibrations is directly proportional
to the unbalance on the auto-balancer body.

4. For both short and long intervals of time (during sev-
eral slow vibrations of the box), the discrepancy between the
law of vibrations of the center of mass of the box that was
found through the 3D modeling and the law of dual-frequen-
cy of vibrations found by the method of statistical analysis
does not exceed 1 %.
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Hocnioxcenns nposedeno y pamxax ouc-
Kpemnoi mooeni eHy1Kozo 060X0N0PHO20 POMO-
Pa, wo 6anancyemopcs 060MAa NACUBHUMU ABMO-
banancupamu, po3mawoeanumu 0ins onop.
Ompumano cucmemy ouepenyianvHux pis-
HAAHb, WO ONUCYIOMb NPOUEC ABMOOANAHCYBAH-
Hs. Bcmanoeneno, wo ocnosHi pyxu, 3a ymoeu
ix iCHY8anHs, € CMILIKUMU HA 3aPEe30HAHCHUX
weuodxocmax odepmanns pomopa. Ilposedeno
OUiHKY nepediey nepexionux npouecie 3a Kopens-
MU XAPAKMEPUCIUUHOZ0 PIBHAHHS

Kniouogi cnosa: enyuxuii pomop, aémooa-
aancup, agmobanancyeanis, oCHO6HI pyxu,
cmitikicmo, nepexioni npoyecu

[, u|

Hccnedosanus nposedenvt 6 pamrxax ouc-
Kpemnou modeau 2udK020 08YxonopHozo pomo-
pa, banancupyemozo 08Yms NACCUBHLIMU ABMO-
banancupamu, pacnonojiceHHvIMU 603€ ONOP.
Hoayuena cucmema oudppepenyuanvrvix ypas-
HeHuil, ONUCLIBAIOWAsL NPOUEeCC asmodanancu-
POBKU. YCmano6aeHo, unmo 0CHOBHbLE OBUIHCEHUSL,
NpU YCA08UU UX CYUWECMBOB8AHUS, YCMOUMUBHL HA
3aPe30HAHCHBIX CKOPOCMAX 8PAULEHUS. POMOPA.
IIposedena ouenrxa npomexanus nepexooHvix
npoUeccos no KOPHAM XaAPaAKMepucmu1ecKozo
ypasnenus

Kmouesvte cnosa: eubxuii pomop, aemooa-
Jaancup, asmooanancuposKa, 0CHoHvle d8udice-
HUsl, YCMOUMUBOCMb, NEPEX00HbLE NPOUECCHL

o o

1. Introduction

Rotors of many gas turbine engines, turbine units, cen-
trifugal machines and so forth work at high velocities of
rotation. Thereof they behave as flexible [1, 2]. The form and
rotor unbalance of the flexible rotor depend on the current
velocity of rotation, change from temperature, wear of the
rotor and so forth. Therefore, the balance of such rotors
during operation is worthwhile to be constantly corrected
by passive auto-balancers [3—13]. In the latter corrective
weights (pendulums, balls or rollers) under certain condi-
tions come to positions in which they counterbalance the ro-
tor. Then carry out steady state motions which it is accepted
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to call the main. There are also secondary motions on which
auto-balancing does not come and auto-balancers increase
vibrations of the rotor.

For balancing of a wide class of flexible rotors by passive
auto-balancers in practice it is necessary to have a certain
method which operability is theoretically proved. At justifi-
cation of the method the conditions of existence and stability
of the main motions (conditions of occur of auto-balancing)
are defined and transition processes are estimated.

The most perspective method of balancing of flexible
rotors on two pliable supports is the method in which two
auto-balancers are located as close as possible to supports
[3]. Below operability of this method is proved.






