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Abstract. The investigations of the author in the field ofegise vibromechanics and
vibroengineering are overviewed. Some effects amalities of nonlinear systems as well as
developments of new principles of operation theraoé considered. Various designs of
mechanical systems of different types, new primdplinnovations and more than 1750
inventions and patents have been developed witiutiosrs.
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Introduction

Mechanical systems undergo fast development becalskeeir interaction with various
physical processes, magnetism, electrical and harigravitational fields, chemical and life
processes and also because of changes accordingjrtgize, dynamicity, velocities, precision
directly into unachievable limits.

At the small scale one has already investigatectbjef nanometer size. Soon will be the
time when humanity will have to work with bodiesialinare smaller thousands and even more
times than the nanometer. On the other side, edpecor the research and use of objects
beyond the limits of the earth systems of the disi@mrs of hundreds of meters are to be created
and in the future their size is to reach up to #amuals of kilometers.

Systems expand also because of their motion atveligcities acting not only in the
conditions of our earth, but also in space. Higbcpsses of dynamicity of some systems are
required. On the other side, in some applicationrystallography, in the investigations of live
organisms systems moving very slowly are required.

Despite of the sizes and velocities there are rements to substantially increase the
stability of the systems, compatibility with distzemicroelectronics and controllability,
precision in positioning of bodies in space, perfioyg trajectories and laws of motions,
ensuring desirable structures and geometrical peters

From the point of view of precise mechanics in aegring everything, in the non-living
nature as well as in the living one, performs \iorzal and wave motions. These are
complicated problems in the development of investigns in order to reveal the effects and
qualities of non-linear dynamical systems, to aestientific basis and principles for the
construction of enhanced new systems. A short éaeren some contributions to the field of
vibroengineering is presented in this paper.

1. Self organization in some mechanical systems

Essentially non-linear systems.In many cases mechanical systems operate far from
resonances. For the investigation of dynamics ahssystems an approximate analytical
method was created, which is based on the divisionotion into slow and fast. This enables to
determine the conditions of existence and stabditythe stationary regimes. The method is
suitable for the investigation of quasi-linear cadewas successfully used for the investigation
of simple synchronization of dynamical systems.
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The modified asymptotic method had to be develapEdnly for the cases of quasi-linear,
but also essentially non-linear dynamical systdPasameters of stationary regimes, conditions
of their existence and stability, regions of vaijidand attraction have been obtained. This
method justified itself in investigation of probleraf systems of different types.

In non-linear systems stationary motions of varityges may exist. But here only local
motions which are important in practical applicaticare analyzed, namely the motions of the
systems of rotor or stepwise types, in which theeaded motion about the constant one is
accompanied by vibrations. Here systems with omggesdeof freedom are analyzed, but they are
easily generalized for systems having a higher raindf degrees of freedom and also for
autonomous systems.

As an example further a rotating system with ongrele of freedom is described with the
differential equation of motion of the followinggg:
¢ =0(0,0,6,0t)+M (), (1)
whereyp is the angle of rotation,

@ is a periodic function af andt, = =d/dt,
M is the moment of external and dissipative foredsch is a periodic function af.

For the investigation in the equation the followsstitution is performed:

p=Qt+p+9, (2)
whereQ is the frequency of steady state motion,
@ is the slow motion,
¢ is the fast motion.

The equation (1) with account of equation (2) erranged into the following one:
('_p'+<Z=@(Qt+§+¢,@+(_ﬁ+<},5+g§,a)t)+e“M(Q+(Z+(}), (3)
wheree is a dummy small parameter which depends on thghgadynamically synchronized

motion is chosen in the process of calculatiang, 0.
Cases of combined dynamical synchronization aré/aed when:

nQ = mo, (4)

wherem, n are integer numbers and their ratio:

AL (5)
n

For the investigation of fast motion linear equatisith respect top and its derivatives is
assumed, whilep is considered a constant quantity:

(2=CD—<T>=®(Qt+(ﬁ,(§+(§,5+(§,a)t)—5=<i>, (6)

where a horizontal dash over the letters meansagireg with respect to time, wave over the
letters means a variable quantity with an averaite ni@spect to time equal to zero.

From the equation (6p is found.

In order to obtain an equation for the determinmatid slow motion the averaging of the
right side of equation (3) with respect to titns performed. This is performed by expanding

into a power series with respect §o, (/3 (/3 and taking into account several first members of

the power series and also with a last member amditieraged moment of the dissipative and
external forcedM, the differential equation for the determinatiohtie slow processp is

obtained:
G=F(20,60.6). (7)
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By assuming¢7=('_/5=0 in the nonlinear part of the equation, the follogviequation is
obtained:
F(QnQ-mw,p)=0, (8)
which is used for the determination of the valuegoin the process of the stationary motion.
The existence of real solutions of is the condition of existence of the analyzed megof

combined synchronizationQ-mo =0.
Which of the existing regimes are stable is deteeahiby the conditions of stability:

oF

<0. 9
Y 9)
Regimes of this type are valid when:
a—'i << 0. (20)
o9

Equation (7) in the small vicinity of the statioparegime approximately determines the
region of attraction. The same results are alsaiobd by the method of small parameter.

It is very complicated to create mathematical medsl separate parts of some systems
(coauthor). For the solution of such problems thethmds based on simultaneous use of
experimental methods and computer calculations teen proposed. The methods justified
themselves in performing investigations in the eyt of type “living organism — technology”
or in systems in which some parameters of somes partlynamical regimes undergo large
variations.

In many systems qualitative criterions, such asekistence, stability of the process and
others, are determined not by all the processesparaimeters, but only by the leading ones.
This enables to achieve reliable and visual resftes essential simplification of the models of
the analyzed system and using simplified analyticanalytical — numerical methods.

The science of vibrations and waves of non-lingatesns is of general character, not of
functional purpose. Due to this it is applicablevarious fields. In particular, investigations
related with definite systems are the efforts df aiwe researcher, but of their group. Thus, the
investigations had to be performed not only witkecglists in mechanics, but also of other
fields (mathematicians, physicists, electrical aodtrol engineers, biologists, etc.).

*kk

Synchronization. Simple dynamical synchronization is mainly the ptraenon of quasi-
linear systems, while combined synchronizations thee phenomena of essentially nonlinear
systems. Thus for the investigation of the latietesms the method of division of motions into
slow and fast and the method of small parametee weoposed. Rotational and translational
motions about which vibrations take place were yaal. Here the results for the most simplest
cases are presented for better visibility and eggnof space.

*k%

Dynamics of essentially nonlinear systems. Combinedi/namical synchronization.The
differential equation of motion of a mechanical teys with one degree of freedom on a
vibrating basis is the following one:

1 (9)#+0.5"(p) 9 + X°Ny () + YNy () +i7N,1 () +17 N, 2 () +

+%7 Ny, (9)+ W/ Ny, (9)+ Ny (0) =M, (9,0),

wheregp is the turning angle,

X, ¥, w are orthogonal and rotational vibrations of thenfdation as given periodic functions of
ot,

"=d/dt, '=d/dg,

(11)
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I(p) is the moment of inertia,
M (¢) is the moment of external and dissipative forces,

all other functions are periodic with respecito
The following system is analyzed:

¢ +(a +apsinot) sing+hg = 0. (12)
After performing the substitution:
P=Qt+p+0@, (13)

whereQ is the velocity of stationary motion,
@ and ¢ are the slow and fast motions respectively,

the stationary motions of combined synchronizatiomsought:

Mo = NQ2, (14)

wherem=+1, £2, ... ;n=%1, 2, ...,

Mg (15)
n

It is clear that whem=n=1 simple dynamic synchronization takes place ahdnm#n+1
combined synchronization takes place. Investigatiohthe latter type of synchronization are
related with the essentially nonlinear differengguation.

First the_method of division of motion into slowdafastis presented.

Separate differential equations are obtained:

a linear one for the fast motion:

¢+ (a, +aysinot) sin(Qt+¢) - a, sinet sifQt+¢)= 0 (16)

and a nonlinear autonomic one for the slow motion:

¢ +(ag +apsinat) sifQt+ 9 +$)+hQ = 0. (17)
From the equation (14) it is obtained:

~ . _ as _ as _

p=—=8iN(Qt+¢)+—=—cog(w0-Q)t—p | -———=—— cos(w+Q)t+¢ (18)
o2 "% +?) 2(0-0)? t(o-0)-7] 20+0)? Ho )]

In order to perform the averaging of the equatio@ honlinear term is expanded into a
power series with respect 18 and then averaging is performed, that is:

;'_o'+(a1+a25ina)t)[sin(Qt+(ﬁ)+¢ coigtﬂz)—%@z sil(IQt+¢)—..}+h(Q+(;)= (19)

The problem is how many members of the power sevidsrespect top are to be taken
into account.

The caseof combined synchronization:
®=2Q. (20)

In this case in the equation of slow motion (19 finst two members of the power series
with respect top are to be taken into account, that is:

¢ +(a +apsinot)[ sin(Qt+) +¢ cogQt+3) |+ h(Q + g;) =0 (21)
After performing the averaging with respect the equation (20) takes the following form:

G+—2%2 _cosBhQ= 0 (22)
8(0-Q)°
Further it is denoted:
P=0_+o-, (23)
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where ¢_ = congt is the value of stationary motion,
@_ is varying slowly with respect to.

From the equation (22) by taking into account thaagions (20), (23) the equation for the
determination ofp_ is obtained:

282 0s%_+ho= 0 (24)
02
In the process of stationary motion:
p=¢_, ¢p-=0. (25)

The conditions of existence and stability of thetio of the analyzed type respectively are
the following ones:

3
o™l (26)
&ap
22822 ginx >0 @7)
02
Motions of the analyzed type exist when:
0? 5> - 222 g0 (28)
02

The slow motions in the vicinity of the stationaggime according to the equations (22),
(23) are determined by the following equation:

$-+052 cosqp +5.)+hp_+ h% ~ 0 (29)
w

or after performing the expansion ofs 2((3_ +gB..) into a power series with respect@q itis
obtained:

(Z._—al—iz((ﬁsin 2. +%a§ cosz_—...jmqi: 0 (30)
a) H

According to the linear part of the latter equatiba transient process in the vicinity of the
stationary point is easily determined.

For the investigation of essentially nonlinear tiotzal systems the small parameter is also
used for the case of small dissipative forces.

In the equation (12) it is assumed:
g’o’+g(a1+a23ina)t)sin;o+gkh¢= 0, (31)
wheree is a small parametek,> 1 is a constant quantity.

In steady state motion the same results are olstawvteéch were obtained by using the
method of division of motion into slow and fast.rFexample in the case determined by
equation (20) it is necessary to assume:
k=2. (32)

When the dissipative forces are large it is imgassifor the motions of combined
synchronization to take place in the system.

*k%k

Experimental determination of the effect of synchraization. We proposed a simple
method for the analysis of synchronous motionss Thisimpler than the method of film taking.
Here the analysis of translational and rotationatiom is shown for the case when an
unbalanced rotor is forced to rotate because oh#meonic vibrations of its foundation in the
direction of one axis (Fig. 1). A black screen timehed to the rotor perpendicularly to its axis
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of rotation which is indicated instead of the blazlor by dashes in two directions. On the
black screen two dots which reflect light with highality are painted: one of them in the center
O which coincides with the axis of rotation of thear and another ong in the periphery. In
the process of steady state motion the p@Ginhoves according to the line, while the point
describes a closed trajectory witm2{) extreme points, from whicim€1) are maximum points
and f+1) are minimum points. The images photographeti Witge exposition are shown in
Fig. 2, Fig. 3, Fig. 4 abh = 1, n = 2 andn = 3 respectively. When the velocities are suffitien
because of the inertia of the eyes the processesyrathronization are well visible without
photographing.

Fig. 1. The screen with the white points 0 akd Fig. 2. Topological image of the stationary
for the observation of complicated motions ~ motionn = 1 of the rotor with the unbalanced
mass arising from the vibration of the
foundation

Fig. 3. Topological image of the stationaryFig. 4. Topological image of the stationary
motion n = 2 of the rotor with the unbalancedmotion n = 3 of the rotor with the unbalanced
mass arising from the vibration of themass arising from the vibration of the
foundation foundation

The method is successfully applicable for the okmén of simple and combined
synchronization of complicated systems and for degermination of limits of existence of
synchronous and chaotic regimes. When the structiorewhich the axes are not parallel are
analyzed, then mirrors and other measures are i@l method is applicable also for control
of motions of other types.
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*kk

Dynamical synchronization may exist in technical deéces, vibrotechnologies, non-
living and living nature. In some cases it is useful and in some cases harmf

New problems in the field of synchronization haweb formulated, where besides of the
mechanical excitations forces and links of varipbgsical nature act.

For the synchronization of rotor systems(with coauthors) besides of the kinematical
methods the dynamical ones are to be applied. @gsté new type, which enable to implement
combined synchronization, transmission of motiorthait stages, systems with prescribed
desirable phase between the rotors in the statioegime have been proposed.

The object of the investigation is to reduce raibrations and the forces causing them. One
of the most effective ways for suppression of ilrss is the improvement of machine design
by introduction of assembly elements resistantibwations. Rotary motion transmission and
stabilization devices are applied for these purpoBefferent types of clutches and vibration
dampers suppress the vibration of constituent ligfsthe elements of machines and
mechanisms.

Thus two different methodologies may be used toichv@armful vibrations, i.e. either
development of mechanisms with low vibration at¢yifiwhat may be very expensive), or
installation of special constructional assembliethe machines which are able to suppress and
absorb harmful vibrations.

Elastic clutches with nonlinear characteristics arest often used in the coupled rotor
systems. New clutch constructions based on theaaictien between the forces of rotating
masses and elastic elements are worth of spetéaitiain. In this case the radial stiffness of the
shaft coupling device is decreased. Thus developwienew rotary motion transmission and
stabilization devices, their metrical synthesis aptimization of parameters of elastic element
through optimal location and orientation of thd&reents enable to obtain good characteristics
of the devices as well as good indices of theila@tagion.

Dynamic characteristics of rotor systems dependhenparameters of their elements and
rotary motion transmission and stabilization desicé@lthough there is a great number of
various rotary motion transmission equipment desigribut most of them are not effective as
far as the vibration protection in a wide rangdrefjuencies is concerned. The connection of
moving links of a rotor system is known to be parfed by means of devices functioning on
the effect of centrifugal forces of rotating masg@se additional degree of freedom is taken
into account when solving the peculiarities of ¢anstion of such devices and comparing them
with the most simple clutches. Such methodologyoisreasonable in the case when the rotary
motion is to be stabilized, while the mass and disiens of the mechanical system are to be
minimized. In such cases the devices in which ffeceof reconstruction of centrifugal force
equilibrium is applied together with the effect r@fconstruction forces of vibration isolating
elastic couplings are preferred.

Establishment of parameters of elastic centrifudjaiches is a complicated task involving
numerous criteria and parameters. Investigatioth@fdynamic structure of clutches enables to
choose the combination of initial parameters of dning and driven links and to achieve
endurance of better stabilization of rotary motéanl of vibration isolation.

*k%k

Dynamical synchronization of separate systemssgdan the fact that their feeding source
is limited by a common device. The purpose is teata the auto-vibrating contour of the
feeding source. This enables to synchronize andeeehcompatibility of the desired phase
differences.

Thus there are possibilities to dynamically syncize the systems not according to the
vibrations of the foundation. The feeding sourcehef system 1 through the limiter of energy 2

is made into a source of limited power 3, whichdieéhe systema, b, ¢, ... . Because each of
the systems, b, c, ... loads the source 3 with variable load, powdsgtions in the source 3
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arise. Those pulsations may force the power ofstiece 3 to perform pulsations at a single
frequency, that may synchronize the motions ofsystemsa, b, c, ... . Some cases have been
investigated, conditions of existence and stabditysynchronization and regions of validity of
the solutions have been determined.

The method for dynamical synchronization of stagdand travelling waves in separate
bodies has been created (coauthor).

In the devices for multiple drawing of wire (coanthafter introduction of small changes
the synchronization of longitudinal vibrations bktwire has been implemented. This enabled
to reduce the longitudinal vibrations of the wimveral times and to improve the quality of
products.

The method for the conversion of flow (of waterair) energy into electrical energy by
using auto-vibrations has been proposed (coautRor)this purpose dynamical synchronization
between the frequency of auto-vibrations and theicdetaking electrical energy has been
created.

The method and devices for conversion of vibratfionation (and energy) into rotational
motion using dynamical synchronization has beeaterk

Sometimes synchronization is encountered when im@iting the compatibility of external
vibrations and waves with living organisms.

Some methods of dynamical desynchronization haee besated, which are useful in some
technological processes and in living nature.

*k%k

Stabilization. The quality of some systems to self-organize thgirctures, trajectories and
laws of motion, was called thedfect of dynamical directivity (coauthor).

Some multidimensional systems have a quality toadyinally choose the trajectory or
direction of their motion. This was called the effef dynamical directivity. One can construct
a great number of systems having such qualitieg. €&ample of such system is the generator
of mechanical vibrations that is attached in suchag that it has supplementary degrees of
freedom. Here some elementary examples are pravided

Case 1system with a vibroexciter.

In Fig. 5 the system with two degrees of freedomstsiing from two members 1 and 2 is
shown. The case of the vibroexciter 3 is attacloethé member 2 by a hinge. The member 4,
exciting vibrations with masm, moves according to the lindB by a prescribed law. The
member 1 may rotate by an anglebout the poinO, the member 2 can also move radially
according to the lin®A. The case of the vibroexciter 3 may rotate byraglean. with respect to
the member 2. It is assumed that the member 2 kbas@ntrated mass, at the pointA. The
member 2 is attached to the member 1 by a spritig the coefficient of stiffnes§,, and the
member 2 is attached to the immovable foundatiom spring with the coefficient of stiffness

C;. The notation is introduceg =O0A, z=AB. The pointA of the member 2 contacts with the

immovable foundation by viscous friction, with tbeefficientH, according to the axi®x and
with the coefficientH, according to the axi®y.

Fig. 5.Model of the system
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Differential equations are the following ones:
A= mz{z(d +B)+ 22(02 +,B)—[,b’— 2p(/?)2] sina +(pB + 2P) cosz} =0 (33)
(mp + m)p(pﬁ+2p,8)+ mz[z(d+/§)+ 2'2(02 +,B)]+

[zp(d+2/'?)+(2p+ zp)(a+ 2,3)—1—(2,0—2/7)02} cosy +
+ (34)
+|:2p—2,5—2p(d+2,3)d:|sina
+cﬁ(,3-ﬁ)+o.5[(Hx+Hy)+(—HX+ Hy) coszﬂpzm 0.55(-Hy+Hy) sind= (
(mp + m)[/-j_p(,g)z}r m{[2+ z(d+/;)2}cosa—[z(o'é+/§)+ 2(o’z+[)’)] sim}+

+cp(p—5)+o.5[(Hx+ Hy)+(Hx—Hy) cosZ?Jp+ 0.54(-Hy+Hy) sinZ= |

It is assumed:
z=27Zcoswt, (36)
and the investigation is performed by dividing thetion into the slow and fast ones.

Case 1whenH,=H,= 0.

From the equations (33), (34), (35) for the casstationary motion it is obtained:

_ (Zw2)2 p2 _p?
A=m . p—Pp
TR

where:
Cp

(35)

sin 2z, (37)

Cp 2

il p i ——
my+m’ P (m, +m) 52
Whenp,<p; stable regimes are:

a =0, Whenwe(o, pp) and @ > pg,

p5 = (38)

and

&=%, whenwe(pp,pﬂ), 139

and the other regimes are unstable.
Cai.’thenazg, p =const, Hy# H,. (40)
Differential equation of motion is the following en

B+O.5[hx+hy+(—hx +hy) cos$][3= a cost (41)
For small values od the stationary fast motiof§ takes place with a frequenayabout any

position .

For large values ofn steady state regimes take place about positiﬁnso,% and

B 2%3_;[ with small and large friction depending arfFig. 5).

Case 3when the system is with distributed parameters.
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The analyzed system is a beam, to which the castg @exciters of vibrations that were
analyzed earlier are attached by hinges.
Differential equations of motion are:

2,
EF zx +4u— pF u+x0 Z&(x x) (J)COSOtj, 42)
EJ a4v+§ Vt pFi=>" 5(x—x} ) Fin (v; )sine (43)
PV A (x=%} ) Fin (v; )sina;
Fm(uj)z(rrb+m)(xo+[jj)+m{[2j—zj(dj)z}cosaj—(zjdj+Zjdj)simj} (44)
R ( .)=(rrb+m) +m{[zJ Z (dj)z}sinaj+(zjdj+2ijdj)cosxj} (45)
Min(aj)Zde+ran |:ZJ0[J+ZJC(J—(XO+UJ)S|n0[J+VJ COSD[J':|+HadJ' , (46)
ox = EFzzg, EJ 2—33_0 EJgiz—O at x=0. (47)
X X X

Analytical calculations are performed in the sanay s for the systems with concentrated
parameters. The values =0 and O’:% are obtained and this means that in the system

transverse or longitudinal waves exist.

Further analysis is performed by numerical methods.

It is to be noted that in the systems when theueegy of external excitation is small, much
smaller than the first eigenfrequency, the systesrfopms vibrations with a deterministic
frequency. For the case when the frequency of &eit is near to the first eigenfrequency or
greater than it, especially for bigger amplitudégxzitation, motions of chaotic type arise. On
this basis generators of mechanical vibrationshabtic type are constructed which are required
in a number of vibrational technological processed also for excitation of biological systems.

The effect of dynamical directivity itself is uséfin some technological processes and
engineering.

Vibrations and waves are an advanced means foiliztion of some systems. Unstable
regimes may be converted into stable ones andestagimes can be converted into unstable
ones, or a higher or lower number of stable andalnes regimes can be created, or regimes of
quite different type can be created. This is ilatgd by the simplest example — the pendulum
hanging on a hinge. In the case of statics thdestadsition of the pendulum is when its mass in
the vertical line is located in the lower positi@amd in the upper position it is unstable. Other
authors showed that by performing straight lingarations by harmonic law vertically of the
point of hanging of the pendulum, the stable anstalile positions may interchange, besides
two stable and two unstable positions may existb@rause of vibrations the pendulum may
perform stable rotations at combined frequency wlith frequency of excitation. But if the
gravitational force does not act into the pendultimen the pendulum may be located in any
position and it will be in a stable status. By witing the foundation of the pendulum in its plane
it will take a parallel position with respect tcetdirection of vibrations. This quality is usefal i
some technologies.

Stabilization of synthetic fiber. Here in the process of production viscous fluiow
vertically downwards from the filler and in the pess of motion it cools and hardens into a
thread. It has been recommended to vibrate thédlimass before hardening by a magnetic
method at Megahertz frequencies. It occurred thatdomains because of vibrations located
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themselves in an organized way. It was determihatlthe threads obtained due to longitudinal
and transverse vibrations have very big differenicesheir resistance in Ohms, also their
difference in strength was obtained.

Here there are perspectivés clean and structurize water and other fluids by using
mechanical and electrical vibrations. This factinteresting when applying vibrations to
stabilize or destabilize the systems of blood flpmph, nervous activity.

The method to perform an opposite work by usingratibns and waves, that is to
destructurize andlestroy moleculesor their connections, was proposed. The investigat
were started with the purpose of destroying molesaif water by using resonance excitations
in order to divide the molecules into hydrogen arggen.

Stabilization by air cushions (coauthor) has been used for stabilization of ésdat the
same time reducing the forces of friction and iasieg sensitivity, minimizing harmful
vibrations. A heavy rotor located on two aerostagarings with air supply and distribution of
special form minimizes radial and axial vibratioofsthe rotor. Also a system with a body
performing translational motion in one directiorsHaeen created, which with the help of air
cushions centers the axis of motion, minimizessvanse vibrations.

Similar systems which are based on travelling wda® been developed.

An active system of stabilization of rotorshas been proposed (coauthor). Each of the
bearings of the rotor of fast motion with two sugpois attached to the foundation by
orthogonal springs. Electromechanical vibratorscamenected in parallel with the springs. The
converters measure vibrations and automaticallytrobed vibrators minimize harmful
vibrations in the region from tens up to severatdreds of Hertz. A similar system has been
created for activprotection of humanhearing elementsfrom harmful external noises. Also a
system for suppression of macro-vibrations withhik® of micro-vibrations of high frequency
has been created.

*kk

Vibrostabilizers of motion (coauthor). Study of rigid and flexible body vibrostabilizer§ o
motion developed on the basis of vibrational motteemsducers, vibrational supports and
vibrational guides is overview.

On the basis of the survey of currently existingrostabilizers new vibrostabilizers of
motion in the form of vibrosupports were createdi aneans of control of their friction
characteristics were proposed.

Methods of finite element modeling of contact paifdinks of vibrostabilizers of motion
were investigated. Automatic finite element disizaton of links is performed. The equations
of dynamics of links and the matrices of contacirgetry and mechanics were set up. On their
basis dynamic equations of the link were transfafn@nd control of dynamics of the
vibrostabilizer at various phases of its motion vedained. Algorithms for integrating the
equations of motion of the vibrostabilizer and fiefining kinematic parameters, such as
displacement, velocity and acceleration, were dgeal. Algorithms for dynamic analysis of
vibrostabilizers and for the definition of dynantdbaracteristics of their operation, forces of
contact interaction and their energy were devela@isal.

Theoretical studies of the vibrostabilization faad friction and dynamic characteristics of
the movable units in sliding and rolling bearingsrevperformed. In this process their dynamic
models were developed and differential equationamotion of the body along vibrating
surfaces were set up. The latter were analyzedodoticular cases by numerical methods.
Graphical relationships were obtained and investija

Analysis of mechanical interaction between a cylical vibrostabilizer and a flexible tape
parametrically was performed by a numerical meth€dite element models of a tape and a
vibrostabilizer and their contact interaction waseistigated, taking into account longitudinal
and transverse rigidity of tape contact effectaveen the tape and the vibrostabilizer under
vibro-impact conditions incorporating nonlinearity the vibrostabilizer. Rational conditions
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for mechanical interaction between the tape andvibeostabilizer were suggested and the
expediency of application of parametric resonaicéricreasing the amplitude of vibrations of

a surface guide was determined. The data of expetah investigations were analyzed.

Influence of the vibrostabilizer upon the accuratyape motion in a tape drive mechanism was
established.

Data of theoretical and experimental analysis ofnftion of clearance and its stabilization
between the operating surface of a vibrostabilezedt a flexible tape advanced under it were
investigated. For this purpose dynamic models wereloped and differential equations were
obtained. They were solved for a particular caseheymethod of finite differences. A new
procedure and experimental facilities were impletegnThe experimental data relevant to the
interaction of a vibrostabilizer and a magneticetajps contact being in close proximity to an
operating clearance of a magnetic head, were iigatst!.

*kk
2. Nonlinear effects of vibrations and waves in thecreation of mechanical systems,
machines, robots

Transportation by waves. Vibromotors.Case 1: travelling waves.

The system with one degree of freedom is preseiraghich the travelling transverse and
longitudinal waves excited in one body give stegdinear motion to the output system by the
contact way (Fig. 6).

v y Ale. ¥)

z (1-ci)y it

x=zty

Fig. 6. Wave motor: 1 — profile of the input member, 2 e tutput member and its 3 — case of the
directing part, 4 — pressing spring, 5 — immovabtecting parts

The waves are described by the following equations:
n[a)t—k(x—n)],
f[wt—k(x—om):l, (48)

where the longitudina} and transvers¢ waves are periodic functions of their arguments,

k= 27” J is the wavelength,

ae [0,]] . (49)
In the equations by assuming= g7 , wheree is a small parameter, and expanding into a
power series:
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n =77|:wt—k(x—877)1 = 1o +EKngng + &2,

& =§[a)t—k(x—em7)] = &y +gaknolo +e2..., (50)
where:

1o = (ot —kx),

&o =& (ot —kx), '=d/d(a)—kx). (51)

In the case when contact transportation takes [las@btained:
y=(0-kK)& +akn's,
. e N2 ” v reny
Y=k +(0—kX) E"+ (0 - k) k(n'E') (52)

By assuming dry and viscous friction at the poifitcontact the following differential
equation of motion is obtained:

P —k&'Py +(KER +R,) fosansya ¢ + fi$12.¢ = O (53)
where:
P =(mp+m)X+F, Py=my+C(§+b), (54)

fo andf; are the coefficients of dry and viscous friction,
F, is the force of resistance,
C is the coefficient of stiffness of the spring dni$ its fastening.
At the point of contact the angle of the tangently is determined by the following
equation:

tany = —k¢&', (55)
and the velocity of slippage:
St =(1+K%¢?)(x-0') cosy (56)

The equation (53), by taking into account (54 — 5Res the following form:
(L p) %+ fy —kf’['y+ p2(§+b)J+{k§’[(l+,u)X+ fx]+ V+ p2(§+b)}.

(57)
-fosgn()'(—a)n')+h( l+k2§'2)(>'<—a)77’)= 0,
where:
F C f
ILI:E, fX=_X’ p2=—’ h:—l,
m m m m
77’=770'+gk(770770') +e2.., §'=§0'+eak(770§0') +e2... (58)

Analytical computer investigation of the equationakles to obtain final analytical
relationships of the stationary regime and in itsnity and also to reveal the nonlinear effects
of the system.

The casevhen:

E=1=0, n= Acos[wt—k(x—nﬂ : (59)

By using according to the equations (50), (51),) (B& linear part of the series of the
expansion ofy with respect t@ it is obtained:

X+ h{)’(—a){no#k(nond)l}zo, (60)

1o = Acog at —kx) . (61)
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In the equation (60) the substitution is performed:
X=Wt+X+X, (62)
wherev is the velocity of the steady state regime,
X and X represent the slow and fast motion respectively.

The differential equation of the fast motion is:

%+ hx = ~h Asin[ (o - kv)t - kX | - hokA® cos 2 (o - kv)t - k| (63)

and the differential equation of slow motion is:

X+ hx = —ho Asin] (o —kv)t —k (X + X) | - hokA® cos 4 (& —kv)t —k (X + X)] (64)
Usually the motion takes place slowly when compawvét the frequency of excitation, that

is:

V<< %, (65)

thus it is possible to assume:

o-kvz o,

and from the equations (63), (64) the value of agervelocity is obtained:

v= O.5hza)_1kA2( 1+ 0.2% 2A2) (66)

Case 2: standing waves.

The system is presented in which the transversdangitudinal standing waves excited in
one body provide stepping linear motion to the autpember by the contact way (Fig. 6).

The waves are described by the following equations:

7 =m[k(x=7)]nz(at),
&=4[k(x-an)]&(at), (67)

wheren,, &1, 172, & are periodic functions of their arguments.
In the same way as in the equations (59)k(x-7)] and & [ k(x-an)] are expanded

into the power series:

m[k(x-n)] =10+ K1d110+ €7 ..,

fl[k(X—aﬂ)]=flo+8ak771c§16+82---' (68)

where:

o =1(kx),

&o=£¢(ke), "=d/d (k). (69)
In the case of contact transportation:

= ke (- wnms |+ 0se 5, (70)

§ =k £ KB £+ (2KE1 5 -k 18 oK% ¢ 0 Yoo

(71)
+{ &) ket 5)o”
where:
m =mo +8k(771d716) &2,
& =40 +€06k(7710f16) +e2...,
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np =dnp/d(at), & =déy/d(at).
At the contact point the angle of the tangent jiledetermined by the equation:

tany = kiéy &5, (72)
and the velocity of slippage:

2
Sa11 = {1+(k§1§2) }(X—wnﬂ 3)cosy (73)

In the same way as (53), (54), (57), (58) by takinp account (68 — 73) differential
equation of motion is obtained in the following rfar

(L+ )%+ fx+k§1'§2['y+ p2(§+b)]+{—k§1'§2[(1+ )X+ fXJ+ i+ p? (§+b)}.
(74)
.fosgn(X—a)rylnz')+ h[1+(k§1'§2)2}(>'<—w77ﬂé)= 0. "

In the case when:
o >> kX, (75)
the differential equation (74), by taking into agob (75) andb = fy =0, takes the following
much simpler form:
(L 1) %+ k2512507 E5 02 p %) +h(14k Z1E ) x-0m g 5) = 0. (76)
The casevhen:
m = Acosk(x—1) , 7, = coswt .
By the method of division of motion into the slowdafast one it was determined that the

dynamical equilibrium of the system is locatedha hodal points.
The casevhen:

& =Bsink(x-an), & =sinot.
In the same way it is determined that:
when p2 ~®?>0 the stable positions are in the nodal points efwave,

and when p2—w2<0 the stable positions are in the maximum pointsthe extreme
deflections of the wave.

*k%k

Vibromotors for precision microrobots (coauthor). Considerable progress has been
achieved in all branches of technical sciencestantnology, however especially noticeable
changes have taken place in instrument constructipprecision instrument development the
advances of precision mechanics, optics, electnoies and electronics (as well as automatic
and remote control) have been used. Specificafimngarious types of devices become more
demanding: they should be small, reliable, havé hégponsiveness and high efficiency and be
able to operate in extreme conditions (in vacuunden acceleration and vibratory overloads, in
a wide temperature range and at increased levehdiation). Especially strict requirements
have been imposed for actuation elements and doiverecision devices and instruments.

Electromotors do not always satisfy the increassdahds: they have a large time constant,
introduce elements of low rigidity into the dynansigstem and have a limited range of speed.
The resolution of electric motors (including steppeotors and motors with reducers) is
relatively low and is measured in units of angutanutes or tenths of a millimeter in the linear
drives. Such characteristics cannot satisfy theeamed demands of electromechanical units.
Therefore the development of a new type of drivased on the transformation of high
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frequency micro-vibrations into directed motion,ofgreat interest to designers of precision
devices.

By analogy with electrical, pneumatic and hydrautiotors it has been suggested to call
high frequency vibration motion transformers agaibry motors or viboromotors.

In the first designs of vibromotors oblique impatypical for low frequency vibratory
conveyance were used. Further research and devetdged to the application of finer effects
of interaction between vibrating members. Wave amtvibromotors and vibromotors with
controllable liquid links (in the form of electrarblogical and magnetorheological liquids) were
developed. Compressible air films were also usadhiromotors.

The first studies of vibromotors have shown theireptional properties: high resolution of
displacement, wide temperature range and the absenparasitic magnetic or electrical (in
particular radiation) fields. Vibromotors can besigmed without metal parts (besides power
supply cables), thus allowing application in premismagnetic and geodetic instruments. But
the main feature of vibromotors is their dynami@léty in conditions of transient motion (i.e. in
start — stop and stepping regimes), because thmtivig element becomes a brake at the
moment of switching off of the power supply.

Application of new materials of high piezoactivand mechanical materials and alloys with
special properties (basically for the contact malgywas of great significance for vibromotors.
The design was simplified by applying new measurargl diagnostic methods, such as
holographic interferometry and acoustic emissi@aydostics.

A new class of automated devices has been develepebdot manipulators. Robots of the
first generation have been implemented, robotdhefsecond generation have been developed
and the possibilities of designing robots of adhgeneration have been studied. Vibromotors
are of great importance in designing precision arimbots — devices capable of manipulating
objects of small mass in a limited space but wghnhigh accuracy.

The application of such microrobots is very broadrem microsurgery to assembly of
complex microelectronic circuits. The applicatiof wWbromotors with several degrees of
freedom enables the design of micromanipulatordted-high accuracy.

In many fields of application vibromotors solve theblems of positioning and uniform
high speed displacements and execute prescribeibmaotMechanisms with controllable
structure and mechanisms with controllable pararsetee also very effective.

To expedite the implementation of vibromotors malegign diagrams providing various
functional possibilities have been obtained.

*k%k

Capillary effects have been used for the development of some systems

Case 1 — capillary mechanisms of micro-displacement

For example the wooden parts of some types of eeselatively homogeneous and have
very small capillaries. By using high frequency raitions it is possible to fill the capillaries
with fluid in them and to remove the fluid from treapillaries. Thus the material with
capillaries in the process of expansion and cotitnagperforms micro-motions. From such
mechanisms robots of micro-displacements with agsirdble number of degrees of freedom
may be produced.

Besides, the micro-capillaries have useful appbeafor micro-dosing of fluids.

Case 2 — capillary restoring force.

This effect may arise in micro-porous materialstouctures of ply type or between the two
bodies with areas of contact between those twodsodifter filling those materials with fluid
and after that compressing them areas betweenatepaarts occur where there is no more
fluid. After the reduction or removal of the preggiforce the fluid immediately flows into the
areas, from which it was pushed away. Thus the iseprestoring force is induced. This has
been called the capillary restoring force. The psscof compression is shown in Fig. 7, where
part of the graphical relationshBRC is the graphical representation of the capillagtoring
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force as a function of displacement. Thus thisaffe useful in some technological processes,
also in generating stepped displacements of badigsace.

0
Fig. 7.Force — deformation characteristic

*kk

Design of mechanical systems with high kinematic j@. When the laws of
transformation of motions and energies betweenragpanembers of the system are prescribed
there is a possibility to freely choose in definiggions the dissipation of energy, dimensions,
masses of separate elements or of the whole systera. a possibility occurs to optimize the
systems according to the mini-max criteria.

The method of design of systems according to itsi-miax distance from the self-stopping
conditions by taking into account the dissipatigecés in high kinematic pairs has been created.
Graphical and analytical methods of design of meitda systems of several types were
elaborated.

In the systems of force type it is important tolgesmini-max wear of high kinematic pairs.
For this purpose an analytical method which deteesiithe intensity of wear according to the
normals of the contacting surfaces was created.tliierpurpose analytical determination of
differentials of slippage and rolling of contactipgpfiles and of other parameters was used. The
method for the design of mechanisms of this tym®ating to the mini-max wears was created.
This was later experimentally confirmed by othethaus.

The development of the method of design of frictiomechanical systems with one and
with two curvilinear profiles with variable coeffemt of transfer of motion between the input
and the output members was performed. High-frequenero-vibrations that were used
expand the possibilities for application of thosestems. Here the nonlinear differential
equations for the synthesis of profiles are takén account.

*k%k

Dynamics of mechanisms of rolamite type (coauthor)Problems of mechanisms of
rolamite type (MRT), their development and experitaé research of dynamics are
investigated. MRT are used in precision machiné ¢oastruction, in gauges and measurement
instruments, in medicine, in chemical and food pesing industries, in robots and space
exploration devices.

Technical solutions, analysis of development, dfmadions and classification of the MRT
are investigated.

The density criterions of the MRT structure wereedmined. Theoretical studies of
structural links, methods of calculating kinemapiecision of mechanisms, studies of their
dynamic non-stability were performed. The above tin@ed experiments have been analyzed.
New constructions of high precision and advancetbpmance were proposed and introduced.

The results of theoretical studies and experimehtie MRT with vibrating elements were
analyzed, some designs of new MRT were proposedieldd of their application were pointed
out.
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Methods and computer software for calculation ofibrelastic oscillations of the MRT
elements, based on experimental data of holograpiterferometry and the theory of
oscillations of mechanical systems were investidjate

*kk

Dynamic synthesis of machines by semi-physical mdiey (coauthor). Basic principles
of dynamic synthesis of functional parts of machingy semi-physical modeling were
investigated.

It was demonstrated that it is possible to chobsentost suitable constructions or machine
couplings by semi-physical (semi-empirical) modglihthe whole machine, with the exception
of the analyzed part, is presented formally; armb af is possible to perform synthesis of a
functional part of the machine, while the otherdiimnal parts are presented as real, that is in
constructional implementation. Earlier semi-phykicedels have not been used for dynamic
synthesis because of the lack of theoretical ingasons.

Exit chain division of mechanisms into real andnfafized parts was analyzed, that are
changed into half-physical models further on.

The principles of derivation of differential equats of semi-physical models of machines
with linear and non-linear functional parts andhaitifferent couplings were worked out. On
this basis stability research of semi-physical n&diacluding machines with non-holonomic
couplings, was performed. Analytic and graphic ¢égus defining stability regions were
obtained.

Main requirements for actuating mechanisms of ggmysical models were determined.
Analytical research of the dynamics of such medrasiwas carried out, optimal motion laws
of their chains were calculated. On the basis efahalytical research and stability requirements
of semi-physical models new actuating mechanismse weonstructed, this enabled the
connection of real and formalized machines, ofrtpaits into a stable semi-physical model.

Principles of selection of structure of formalizearts of semi-physical models were
analyzed, analogical models of the formalized fiometl machine parts containing
electromagnetic mechanisms, gaps between chaing, imeiuding complicated physical
phenomena of chain interaction were defined.

Main assumptions of choosing formalized parts othirmes by semi-physical modeling
were investigated. Results of the analysis of lmgjdup preliminary structures of formalized
machine parts were obtained. It was demonstrateiddfinition of a preliminary structure of
formalized parts allows to reduce the time of spmjsical modeling and of obtaining the result
of synthesis.

Experimental setups were constructed on the bdsibeoperformed research. Results of
synthesis of mechanical parts of tape drive medhasi vibro-isolation systems with an
operator and rotary machines, also of synthesidrigés of measuring and grinding machines
were obtained. The main principles for defining thay of synthesis were determined. It is
revealed that theoretically it is possible to pridve necessity of semi-physical modeling for the
synthesis of specific classes of machines.

*k%k

Dynamics of precise tape drive mechanisms (coauthornnvestigations of the dynamics
of precise tape drive mechanisms have been geresladind the recommendations concerning
the optimal construction of the mechanisms appliedbrecise magnetic recording and in
recorders of dynamic processes of diverse mecharasih their sets have been prepared.

Dynamic models of tape drives were represented aki-degree of freedom dynamic
systems and specified by the system of differemiiplations in the form of matrix convenient
for computer-aided design.

Dynamics of basic units of tape drives were ingsggd. The previously unknown
technique of system of uncombined loops movinghie accumulator has been proposed by
taking into consideration transient conditions aftimn. Methods of compilation of the dynamic
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model of a rotating unit enveloped by a flexiblpashave been established. Possibility of the
slip of the tape on the rotating unit has beennaké account. As a result of the solution of

differential equations of the system optimal wogkiconditions of rotating units in tape drives

have been developed for the first time.

Synthesis of tape drives according to the frequespgctrum on the basis of matrix algebra
has been proposed. Peculiarities of the frequepegtaum synthesis as of an un-stationary
dynamic system have been considered.

Frequency spectrum synthesis is also accomplishetthe basis of the topological models
expressed by the conservative, dissipative andegutg/stems, as well as systems having
deviating argument and distributed parameters.

Principles of dynamic diagnostics of tape drivesemgroposed. Signals bearing diagnostic
information have been determined. Diagnostic patarsehave been chosen and accuracy of
their determination has been estimated. Some irgtvin signal forming methods and facilities
have been specified. Problems of extraction ofmiatic information have been investigated.

Recording, reproduction and recording — reprodacgoror analysis for the case when a
tape drive is subjected to random disturbanceslatter representing multidimensional random
processes, was performed. Analysis of ordinary gindity properties of the mentioned errors,
such as the mean value and dispersion, has befarmed. Asymptotic distribution of errors
when the registration time is unlimited has beetemained and the rate of their convergence
and dissociation has been investigated.

*k%k

Precise vibromechanic scanning devices (coauthorPrecise laser emission scanning
devices developed on the basis of the principles lanmeans of vibration mechanics are of
high interest in engineering.

Original schemes and designs of a new subclasscafning devices possessing a
piezoelectric vibrodrive whose number of degreedreédom of the element being scanned
ranges from 1 to 4 were proposed. The operatiothe$e devices has been considerably
improved due to the introduction of additional dezg of freedom. The design and the
principles of operation of those devices were itigated. The scheme for constructing a
scanning device with a spin axis of a scanned elémeebe controlled in space was proposed.
Profound research has led to the design proceduseamning devices and the synthesis of
exciting zones of a multidimensional vibration sduocer.

Schemes and designs of scanning devices having rppimpiezoelectric drive were
proposed. Their basic characteristics and designeplure were thoroughly investigated. The
results of simulation of piezodrives of various gmdric shapes having complex profile of
control electrodes were obtained.

Solid state scanning devices manufactured on theeipte of thin film technology were
investigated. These devices distinguish themselwestheir small dimensions and quick
operation. By applying bulk technology the elemeoftsa scanning device and those of an
electronic circuit of its control have been ovepag on a silicon chip. In this way the
integration of mechanical and electronic elemerts been accomplished, thus opening new
ways for their application.

Manufacture of scanning devices with changeablefasear reflecting geometry was
investigated. The structures of these devices asdyd procedures for the determination of the
values of their parameters were proposed.

Original precise scanning devices can be effegtiveded in the production of sensitive
optical — mechanical — electronic instruments, ragechniques, engineering and
microelectronics.

*kk

Systems based on constant magnetSonstant magnet motor or actuatmnsists from the
input member 1 and the output member 2 (Fig. 8).
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Fig. 8. The scheme of the actuator

Two mutually parallel rows of constant magnets dtiter sources of energy) 3 and 4, and
also the wave (curvilinear) profile 5, are attachedhe input member 1. The magnets in the
rows 3 and 4 are located by opposite poles onensiganother with constant step. The wave
profile is a periodic function of displacement ghelato the lines of location of the magnets 3
and 4. The output member 2 is kinematically coregtd the wave profile 5, which may move
with respect to the input member parallel and pedprilar to the directions of location of
magnets 3 and 4. Constant magnets are attached tmtput member 2 parallel to the rows of
magnets 3 and 4. In all the parallel rows 3, 4 2mdagnets with equal distances between poles
are attached. All magnets are of the same powee. gdsition of equilibrium of the output
member 2y =0, x=0 is ensured by the elastic — dissipative member 6.

On the basis of constant magnets generators of anai vibrationswith one and two
coordinates have been created with co-authors. Thaybe noted for having comparatively
small weight than the known electro-magnetic anecteb-dynamic ones. The schematic
representation of one of them is presented in %ig.he system consists of the input member 1
and the output member 2. The output member 2 ésfzeéd to the immovable foundation with
the elastic elements 3 and 4, which allow the autpember to perform vibrational motion
according to the rotational and translational cowtks. Constant magnets are attached to the
input and output members of disc shape. Motor plesvirotational motion to the input member
1. When the input member performs rotational motf@nforces of interacting magnets provide
two dimensional vibrations to the output member.

I 32

OOt T
’ﬁl-ll—l
1

Fig. 9. Generator of mechanical vibrations

—_

*kk

Vibration of bearings (coauthor). Continuous progress of some significant branches in
engineering (manufacture of flight vehicles, instants and machine tools, automotive, electric
machine engineering and other industries) is linkétth the use of numerous rolling contact
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and sliding bearings. In many cases performancéhefinstruments and devices is highly
dependent on dynamic phenomena taking place iningsarThat is why the questions of
technical diagnosis of the whole unit are so insgplg related to the diagnosis of the bearing
assembly, which by itself represents an autonomotios type system which is the basic source
of all undesirable disturbances in the machinenstriment as a whole. This can be evidently
seen in gyroscopic instruments in which the frictiorque in the bearings causes appreciable
deterioration of the dynamic characteristics of thikole setup due to vibrations. In tape
recorders oscillations of the speed of tape movémmeasured by the coefficient of detonation
are caused by defects in the geometric sizes, acgwf rotation and variation in friction
torques in the ball bearings used as the rollingtaxt support of all the rotating components
(tone shaft, guide rollers, etc.).

Extensive studies aimed at determining dynamic attaristics of the bearings and rotor
systems working under different conditions havenbegried out.

All phenomena taking place in the bearing assemlaie to greater or lesser extent related
to vibrations. Consequently a change in the frictiorque, varying parameters of a lubricating
film in bearings, oscillations of rings and otheogesses may be treated as vibrational changes.
Methods of analysis and data processing for theseepses are identical and thus all the
processes are considered under the common heafliteratory processes.

In order to make diagnostic ability more effici¢iné processes which take place in bearings
and bearing assemblies have been analyzed.

The tasks posed to industry are successfully sdbhyeidhproving the quality and expanding
the capabilities of technical means for the congmadl measurement of parameters of bearings
and rotor systems.

Registration of the parameters however has onlguwadliary character, because the basic
goal of measurements is to facilitate the diagno$ishe object being tested by taking into
account its dynamic characteristics.

Ball bearing supports and bearing assemblies maglidgnosed on the basis of various
characteristics. One of the most reliable techrdgisethe diagnosis of bearings and their
assemblies using the following parameters: frictiorque, hydrodynamic oil film, vibratory
characteristics and temperature levels of the aoterg components in the bearing assemblies.
The interrelation between the state of the lubingatayer and working capacity of the bearing
assembly has been investigated.

All the investigations that have been performedensmed at determination of the technical
state of the bearings and their assemblies andaas=suof their further safe operation in a given
assembly or machine.

The factors affecting the working characteristiésbearings have been analyzed and the
basic techniques and means of measurement forrtdwegses taking place in bearings have
been proposed. A methodology for an analytical ystoidcharacteristics of bearings has been
proposed and numerous results of experimental figat®ns dealing with rolling contact
bearings have been obtained.

*k%k

Vibrations of rotor systems (coauthor). Theoretical and experimental investigations of
vibrations of precise rotor systems have been padd.

General questions of vibrations of rotor systemsehheen investigated, which include
analysis of basic reasons of vibrations and sonteads and devices for avoiding of vibrations.

A number of problems related with balancing of ragstems for the case of stiff rotor have
been investigated. In this case two qualitativeffecent vibrating systems are analyzed, which
are characterized by plane — parallel and spatightions.

Problems of determination of parameters of nonlixién the process of centering of a
connection of two rotor machines have been invastidy Peculiarities of dynamical centering
of a connection of two rotor machines, the rotdrsvbich are connected by an elastic clutch,
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relationship between the parameters of non-axiality the parameters of vibrations, conditions
of choice of their optimal values and other protddmave been investigated.

Data on the choice of some structural parametersotfr systems on the basis of the
conditions of stability have been obtained.

Investigations of vibrations of rotor systems batistical methods have been performed.
Relationships for the optimal estimation of cortiela functions and spectral densities of
realizations when performing calculations by a catephave been determined.

*k%k

Thermomotors (coauthor). Original methods and means for conversion of heatgy into
the energy of forced one-dimensional or two-dimemali motion of a body have been
proposed. This is being implemented with the helpaaigid deformable body. Here heat
sources of various types are used (of hot fluidias, of rays of the sun) and for the taking of
mechanical energy the motion of a rotor is usedchvhotates the propeller, or the screw of a
ship, or a dynamic machine or other type of workimgmber. The excessive heat energy is also
taken for various purposes. Such drives are in soases suitable for excitation of vibrations
and waves.

One of the schematic representations is illustrateBig. 10. The system consists of the
input member 1, the output member 2, the heat siocegmember 3, the member for removing
the mechanical energy 4 and of the member for rémgoexcessive heat 5. Because of thermal
deformation the input member 1 moves and rotagestiput member 2.

3 2
Fig. 10. Thermomotor

*kk

Multi-functional pneumatic mechanisms operating onthe air cushion (coauthor).The
principle of operation of mechanisms of this typebased on the unstable flow of compressed
air through cavities of definite configuration. @me basis of this principle pneumatic vibro-
converters of one or several coordinates operatirthe regime of auto-vibrations have been
created. The described principle has been usdwiddvelopment of rotational drives as well as
the drives for transportation of the tape of papéthe taking member of a robot for performing
of automatic assembly of parts of “screw — shaffiet For this purpose the robotic device has
been created which can operate in three regimasjghn the contact regime when the part is
being taken and carried to the position of asseniblthe air cushion regime when orientation
of the part is performed; and the third vibratioredime of operation when the assembly of the
“screw — shaft” takes place (this regime is usecenlthere is a small non-coincidence of
geometrical axes of the assembled parts). In re@ars pneumatic drive of a robot which may
be applied for the performance of non-destructilegiostics and identification of internal
surfaces of pipe lines has been created (Fig. 11).

Experimental and numerical investigations of theated multi-functional vibro-converters
have been performed. The motion of the mechanicem was described by several systems
of non-linear equations by using the Reynolds, tSdanant, Vantsel and Prandtl equations of
air flow. The regions of existence of auto-vibragcand of the air cushion have been obtained,
graphical and theoretical relationships of charésties of auto-vibrations from the geometrical
and dynamical parameters of the vibro-converteehlzen determined. The obtained results of
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investigations enable to apply such vibro-converiervarious technological processes and also
in the robotized adaptive mechatronic systems.

o
=
AONANNN NN Y

Fig. 11.Part of the schematic representation of the pndardeive of a robot: 1 — case of the drive of a
robot, 2 — a cylindrical glass of the vibro-coneert3 — a spring, 4 — a flexible needle, 5 — suppbthe
operating member, 6 — member for supplying of pnesB,, 7 — the pocket of the vibro-converter, 8 — the
place from which material is taken out, 9 — thanglelement of the working member, 10 — the working
gap of the air cushioi®; — the supplied pressure, — the angle of inclination of fastening of the dieer,

— radius of the member for supplying of pressuge; internal radius of the glass, — external radius of
the glassly — the height of the pocketj— mass of the working memberrf, — mass of the glass

3. Vibration control

Methods and means for measurement of vibrodisplanésrof bodies have been proposed
in cases when disturbances adhto the measurements, such as the unevenneks sfitface
of the body, deformations of the body itself, viflwmas according to other coordinates than the
measured ones. Measurement of vibrations of bodidis several degrees of freedom by
eliminating disturbances has been analyzed. Ferghipose a number of methods have been
proposed, such as based on filtering convertersa alefinite humber of converters, or by
fastening the bodies with known geometry of profidethe bodies the vibrodisplacements of
which are being measured.

*k%k

Non-contact control of velocity.The essence of topological method of measuremethteof
stepwise linear velocity is the following.

Suppose the trianglBC is moved stepwise in the direction of the &Qiswith the velocity

v=X(t) (Fig. 12). The data of the trianghBC are the following:AB = AC, Z/BAC =, BC

is parallel to the axi®x.

At equal time intervalat in Fig. 12 we denote the positions of the trian&C by dashed
lines. All the sequential positions of the triangle denote sequentially by numbers 1, 2,i-..,
1,i,i+1, ..., and the vertices of the triangle in varipasitions by the lettera;, B, andC; with
the corresponding subscripts=(1, 2, 3, ... — an integer positive number).

The intersection of the two opposite sides in teglmboring positions of the triangle is
denoted by the lettef3;.1 (i = 1, 2, ... ). The distance between the potandA;.; is denoted

as AS;i+l =AA
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Fig. 12. The triangleABC for measurement of stepwise velocity

The line segment D;;,1E;,; perpendicular to the axisOx is denoted as

Hi;i+1 =D ;i+1Ei i+l
The following linear relationship exists betwe&8..; andH;.i.;:

(24
AS;i+1 = 2Hi i+l tanE : (77)

Because the positions 1, 2, i-1,1, i+1, ... of the triangleABC were marked in the process

of its motion along th@x axis at equal time intervals, the relationship:
AS'i+1 .
Vi =———,(1=12,..), 78
1;i+1 At ( ) ( )

will give the average velocity of motion of theatnigle ABC from the position to the position
i+1.

From eq. (77) and eq. (78) we find:

2 tang

Vi;i+1=T2H||+1’( =12,. ) (79)

In Fig. 3 we connect all the poink.; (i = 1, 2, ...) and obtain a graphical relationship

[24
2tan—
Hii+ 0r in the scaleT2 a graphical relationship of the averaged velooftynotion of the

triangle ABC. The smaller thet the nearer is the graphical relationship of theraged velocity
to the graphical relationship of the true velocity.

Further this principle is used for the measurenoétihe stepwise velocity of the links of the
mechanisms in the following way.

To the link of the mechanism the stepwise velooftynotion of which is being measured
we attach a white screen with a black triangletpit is possible to do it in an opposite way,
namely: a black screen with a white triangle.

During the time of measurement of the velocity oftion of the analyzed link of the
mechanism the moving screen with the trianglegbténed impulsively at equal time intervals
(for example by a stroboscope). If the impulsividgihtened moving screen with the triangle is
photographed with large exposition, then on thetphee obtain darker or lighter triangles
AD;.1 (in the same way as in Fig. 12). By connectingwubdicesD;..; of those triangles we
obtain the graphical relationship (in the form eflioates in the upper direction from the axis
Ox) of the velocity of motion of the analyzed link tfe mechanism as a function of the
displacement.

This method is suitable for the measurement oforeéés in the periodic and transitional
regimes.
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In case when the velocity of the link of the medhanchanges periodically it is possible to
perform the analysis without the photographic desidn those cases at sufficient frequency of
periodicity of motion of the link of the mechanidmecause of the inertia of human eyes the
graphical relationship of the velocity is well obgd visually. In separate positions the velocity
of the link of the mechanism can be measured dyrectthe lightened screen.

It is evident that various modifications of this thhed and its generalization for more
complicated cases are possible. The angular veglcilso measured in the same way. Only in
this case instead of the triangle two opposite Aneldes spirals going out from the center of
the axis of rotation are used.

This method of measurement of velocity was usedudywhen conducting a number of
experiments with mechanisms located on a vibrdtengjs. For example in Fig. 13 the graphical
relationship of the velocity of motion of the puslud the sine mechanism the rotor of which
because of the harmonic vibration of the foundatibthe mechanism is rotating non-uniformly
is shown.

Fig. 13. Approximate graphical relationships of the stegwislocity obtained by the topological method
*k%

Methods and means of experimental investigation oflynamics of precise tape drive
mechanisms (coauthor).The proposed methods and measurement devices ae®opled for
the most complicated case, when the investigately o flexible with uneven surface and in
the process of motion performs spatial vibratiohs.an example of such a problem serves a
moving uneven tape in precise tape drive mechan{3im), which are applied for example in
the devices for precise magnetic recording.

General case of behavior of flexible uneven mowvoglies in space and their interaction
with elements of mechanisms have been analyzediaGp#rations of such bodies have been
investigated and the problem of their vibro-measwmet was formulated. It was determined
that the most general case in the measurementseagnsidered to be the measurements of
transverse vibrations of a moving uneven body. plublem becomes especially complicated
when non-contact measurements are performed, bedauhis case there is no basis from
which to measure the data.

It was determined how the general case of vibrosmeanents of transverse vibrations of a
moving tape with uneven borders in the TDM may Ippliad for the determination of
vibrations of other types and also of the relatidps between different types of vibrations of
the tape, namely: between the tension and tordi@mtween the tension, transverse and
perpendicular vibrations. Results of experimentalestigations of those relationships have
been obtained.

A new class of devices for the creation of diremdiovibrations of magnetic tape with
respect to the blocks of recording and playing beads developed. The necessity of such
devices is based on the fact that the determinatimorrelation dependence on the basis of the
existing mathematical models between a numbermits) each of which represents a separate
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type of mechanical vibrations, and the output, Whietermines one or several types of
precision parameters of TDM, is a complicated psecef investigation with insufficiently
precise results. By using the developed devicisspbssible to perform experimental and semi-
physical investigations of the quality of preciseM. Among the various directional vibrations
of the tape longitudinal, transverse, perpendicutatational vibrations, turning and pulsation of
the envelope angle were investigated. Schematieseptations of devices, which enable to
create a wide frequency band: from fractions oftHearp to ultrasound frequencies, were
proposed.

It was determined how various types of devicesnfieasurement of vibrations of a moving
tape with uneven borders may be applied for thestigation of different objects.

The possibility of application of the methods arelides of measurement of mechanical
vibrations of TDM for protection from disturbancesy example from false signals in the
process of magnetic recording on the tape, drum diski, which arise because of spatial
vibrations in the magnetic recording devices, wagstigated.

Investigations of a separate type of vibrations ulsgtion of tension of the tape were
performed. Methods and devices for measuremergrnsian of flexible bodies by taking into
account specific problems related with precise Tidkte developed, namely: requirement of
small forces in the tape, required wide frequenapddof measured tensions, possibility of
avoidance of distortion of paths of motion of flele bodies. This type of vibrations deserves
great attention, because the pulsation of tensoa source of excitation of other types of
vibrations. Contact and non-contact methods of mremsent of constant and variable
components of tension of flexible tapes have bemmestigated, for example magnetic, and
various devices were created and also calculafi@mrors of measurement was performed. The
proposed methods and devices were applied for nlesiigation of dynamics of TDM.
Dynamic dampers of vibrations of tension of a mguiape were created.

Other applications of vibration engineering (coautfor)

They are mostly investigations of a hobby type.

They are mostly investigations related with vibmas and waves in the fields of biology,
medicine, agriculture.

The device for measurement of variation of air floate which is being inhaled into and
exhaled from the human lungs has been produced.

The device for excitation of vibrations of the ifddair has been produced in order to excite
resonance vibrations of the lungs (bronchs, alyeols

The method for excitation of directional wave preges in lungs has been created.

The method for excitation of travelling waves imdd arteries of legs has been created in
order to intensify the return of blood to the heart

The method for abolishment of harmful stones fradn&y channels by using vibrations has
been created.

The vibro-platform for abolishment of tirednessadiuman being has been produced.

Vibrational devices for the extermination of micestinside the teeth have been produced.

A microrobot for performing cuts on the surfaceha eyes has been produced.

The change of transmission of optical and soundassgby the eyes and the ears to the
human nervous system into the action of exterriadations to the organism through the skin
was investigated and some devices were produced.

The device for the measurement of vibrations oédts which are located inside the grains
has been produced. Thus the type of insects anpetteent part of the contaminated grains are
determined.

Some effects of dynamical synchronization in livorganisms have been developed.
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Conclusions

1. The methods of investigation of some types of @gdgnnonlinear mechanical systems
have been developed and some dynamical effectsgaalities of those systems have been
revealed (dynamical multiple synchronization, dyieah self-organization of structures,
dynamical directivity, methods of transformationneétions and energies).

2. Methods for the construction of mechanical systempsrating on the basis of new
principles based on the interaction of vibrationsl avaves and nonlinear elements have been
created.

3. Methods for stabilization and destructurizationstiuctures of some nonlinear systems
have been created.

4. Methods of measurement and control of vibrationspogcise mechanical systems
separating vibrations from disturbances which agige to non-uniformities of the surfaces of
bodies, due to deformations, due to external etkoita have been created.

5. On the basis of the results of investigations daedtdissertations have been prepared,
inventions and innovations have been developed.
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