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CREATION AND RESEARCH OF MATHEMATICAL MODEL
OF CONTROLLED MECHANICAL CENTRIFUGAL
UNBALANCE VIBRATION EXCITER UVV-04

Kinematics scheme of controlled mechanical centrifugal unbalanced vibration exciter
(CMCUVE) UVV-04 is presented and examined. Within using the vector shape of defining the
motion elements of sketch model the mathematical model of CMCUVE UVV-04 was received.
Construction method of dynamic analysis of unbalance to geometric method was used which is
usually used in the theory of balancing of mechanisms. Mathematical model received in such a
way determines the mechanical action of vibration machine equipped with
CMCUVE UVV-04 on the work environment. An geometrical characteristics of unbalance of
CMCUVE UVV-04 and its invariants of unbalance was received in the form. The conclusions
were made according to those results: the UVV-04 generates vibration field angular structure
and increasing of distance between the planes of symmetry moving unbalance ratably increases
the amplitude of angular oscillation.
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CTBOPEHHS TA JOCJIIXKEHHS MATEMATUYHOI MOJEJII
KEPOBAHOI'O MEXAHIYHOI'O BIJUEHTPOBOI'O
JAEBAJIAHCHOTI'O 3bYI’KYBAYA KOJINBAHb YBB-04

Haseoeno ma pozensinymo KinemMamuuuy cxemy Kepo8aHO20 MEeXAHIYHO20 8IOYEHMPOBO20
odebanancnozo30yoxucysaua xoausanv (KMBJ/3K) VBB-04. I3 3acmocysauwHsm 6eKmMOpHOL
Gdopmu  6usHaueHHs  pyXy — eleMeHmie  MemoOooM  38€0eHHA  OUHAMIYHO20  aHATli3y
HE3PIBHOBAJICEHOCMI 00  2e0MEeMpPUYHO20, AKUL  3A36UYAll  3ACMOCOGYIOMb Y  Meopii
3DIBHOBAIICYBAHHS MEXAHI3MIB, OMPUMAHO MAMeMamuyny Mooelb, AKA 6UHa4ac ma
xapaxkmepuszye Mmexaniyny Oilo giopayiunoi mawunu, ocrawenoi KMB/[3K YVBB-04, na
obpobniosane  cepedosuwe. Y  6i0nogionomy  6ueia0i  OMPUMAHO — 2eOMEMPUYHI
Xapakxmepucmuxku ma iHEapianmu He3pi6HOB8ANCEHOCMI, 32I0HO 3 AKUMU 3POOIEHO BUCHOBOK
npo me, wo¥VYBB-04 eenepye sibpayitine none Kymoegoi cmpykmypu, a 30iibuieHHs 8i0CmMaHi
MIDIC NIOCKOCIMAMU CUMEMPIL pYXoMux 0ebanancie npu3eooums 00 8iON0BIOH020 3POCMAHHS
amMnaimyo Kymosux KOaueaHb.

Knrouoei cnoea: keposanuili MexawiuHuiti i0YeHmposutl  0eOAIAHCHUL30Y0xCY8ay
KOIUBAHb, PYXOMUL 0eOananc, OUHaMIYHa Ois, MamemMamuiHa Mooelb, CMaAmudHa i OUHAMIYHA
3PIBHOBAINCEHOCMI, MOMEHMHAHE3PIBHOBANCEHHICMb, GIOpayiliHe noje Kymosoi CmpyKmypu.
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Introduction.Over the last thirty years by the department of theoretical mechanics of
Poltava National Technical Yuri Kondratyuk University under the direction of professor
L.I. Serdyuk made large in terms of volume scientific and research and design work connected
with the study of dynamic action on the work environment by controlled mechanical
centrifugal unbalanced vibration exciter (CMCUVE). The result of this work is highly
developed various original designs and design schemes CMCUVE which are used as a drive of
vibration machines of different technological purposes. At a certain stage of this activity a
question arose to create CMCUVE catalogue with their design schemes, which would have
been expressed dynamic and technological capabilities, advantages and some disadvantages of
any of them, indicated limits and directions of desired application.

Analysis of last sources of research and publications. General principles of creation,
construction and operation of all CMCUVE are the same and repeatedly were mentioned in
scientific sources [1, 2]. Their defining design element is movable unbalance (or more movable
unbalances), external control of which provides the ability to create vibration fields of
necessary structure and manage them. CMCUVE main features are that their application: a) lets
immediately to get rid of several significant disadvantages of traditional uncontrolled vibration
exciter; b) leads to reduction of energy consumption and cost value per unit of produced
technology production; c) provides a great resource of strength and reliability.In research
papers [3, 4], which in their essence and content are the first steps toward creating a catalog of
CMCUVE, peculiarities of dynamic action vibration exciter UVV-02 and UVV- 03
respectively are considered and detected.

Unsolved aspects of the problem. Construction scheme of CMCUVE UVV-04 differs
from vibration exciters schemes UVV-02 and UVV-03. Its main feature and difference from
vibration exciter UVV-02 [3], which is essentially a modification of it, is that in UVV-04 is
absent motionless unbalance. Of course, that mechanical effect on the work environment and
mathematical model that describes and defines this action is also different. This fact led to the
necessity of creation and study CMCUVE UVV-04 mathematical model. Additionally, this
article and its content is the next step in creating CMCUVE catalogue.

Statement of the problem. Consider in Figure 1 kinematics scheme of
CMCUVE UVV-04. In unbalance shaft 1 symmetrically relative to its longitudinal axis
are placed two geometrically and material identical controlled moving unbalance of mass m
and with eccentricity e. Each unbalance is connected with shaft 1 by two ball dowels 5
(see Fig. 2b), placed symmetrically respectively to the cross-sectional unbalance shaft, each
of which is in a hemispherical socket of unbalance 4 and has the ability to roll on the groove 6
unbalance of appropriate cut. All four of these grooves 6 made on the surface unbalance shaft.
At each and at any time the position of ball dowels 5 determine the position of both unbalances
4 relatively unbalance shaft 1. Slid fit with needed clearance of both unbalances on shaft 1
allows to move them along unbalance shaft. These moving are rigidly synchronized via motion
screw of control mechanism that is not showing Figure 1. At starting time both unbalances are
in the middle of the shaft 1 in diametrically opposite positions 4” that provides static balance of
vibration exciter. As screw grooves 6” for ball dowels 5" on the left and right sides of the shaft
have opposite direction, then while moving unbalances by motion screw of control mechanism
in opposite directions from their original positions 4” they will simultaneously return relative of
shaft 1 in one direction at an angle €. This is to determine a time and provides state of
vibration exciter UVV-04 when moving unbalances are only in diametrically opposed to each
other regulations 4”.

An important possible modification of CMCUVE UVV-04 is vibration exciter, which
grooves 6 are parallel to the axis of the unbalance shaft 1 that simplifies the production
technology of this shaft. In this case, both unbalances 4 moved from its original position 4’
without any rotation relative to the shaft 1.
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Figure 1 — Kinematics scheme of CMCUVE UVV-04

Consider and explore the dynamics of CMCUVE UVV-04, using the vector form of
definition the motion of the objects, use the construction method of dynamic analysis of
disbalance to geometric that usually applicable in theory of balanced mechanisms [5].
Thus mathematical model determines the mechanical effect of vibration machine (device, unit)
equipped with appropriate vibration exciter on the work environment.

Basic material and results. Consider steady rotational motion debates unbalanced shaft
1, which defines the operating mode of controlled CMCUVE UVV-04. In general, the angular
velocity of the shaft is determined by variable value

W, = O+ -sinax,

work
but the peak value of the variable @) 1is less than 0,5% of average value @. Assume that the
shaft 1 rotates regularly with angular velocity

o, =0=const.

Combine Cartesian axis z with rotation axis of unbalance shaft, axis x through its center
of mass (through point O) and axis y — perpendicular to the axis x and z (see Fig. 2,a).

According to formula (15.7) [6] acceleration a, of arbitory particle M, of any of
unbalances 4 are

|

4, =EXT +@XU,,

]

d’g

% -k — vector of angular
t

where according to formulas (15.7), (15.6) and (15.5) [6] €=

. __dop -~ . . -
acceleration of the shaft /; &= 7(/) -k — its vector of angular velocity and », = @x7r. — vector

t
of linear (angular or rotational) velocity of particle M, respectively, and 7 = ix, + jy + lgzi -

the radius vector defining the position of this particle relative the coordinate basic origin; i, J

and k& — unit coordinate vector of Cartesian coordinate axes.
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Since is assumed that @, , = @=const, then d@/dt=const, d*@/dt*=0, and the

work

desired acceleration of particle M is determined only by centripetal component
d, = ox(@xT7).

By marking a mass of particle M, as m,, according to §37, p. 275 [7], we write the

inertial force @,of this particle (which in this case is the centrifugal force of inertia)
@, =—m,-d. = —m,-[@x(@xF)|= m. - [(@x7)x @] = m. - (@xF)x &= (@xm, -7 )xd.

The main vector particles forces of inertia proposed unbalance (consider moving
unbalance that in Fig. 2 is located right side) is determined according to formula (125) [7] as
the vector sum of all forces @,:

B =20, = wami-z)x@=(@ximi~z]x@.

i=1 i=1
According to formula (70) [7] center of mass of considered unbalance as any other solid
body, there is a point C, the position of which in space is defined by the radius vector

Zm
=t
m
where m — unbalance mass, then writing this formula in the form of Y m, -7 =m-7., we will
i=1

get

@

right
and (after obvious transformations taking into account relevant properties of the vector sum)

=(@xm-7)x@
éright_mw ( xc"’] )’c) 2'6"”’%"’?'"@’0)-

Taking into account, that according to the formulas (17) and (18) [7] mx. =S, and
my. =S,, where S, and § - static moments of considered unbalance regarding the axis x
and y respectively (see Fig. 2,b), we will have

B, =[S, +]-S,)

right —
In brackets of last expression is a vector whose projection on axis X is equal to S, and

on axis y — S, and that in theory of balancing mechanisms [5] is called vector S of static

moment of body mass that rotating about an axis of rotation. On this account for proposed to
unbalance
S =1 S, +j-S,,

right
and its module

Sright :\/va""sf :\/(mxc myc =Am (xc+yc)_m \/(xc+yc)_m €,

where e = x; + y; —value, which determines the distance from the center of mass of unbalance

to the axis of rotation of the unbalance shaft, which of course is the eccentricity of the
unbalance.
Then

O =w-S

right
and

D —w-S =’ -me.

right right
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Because of the motion unbalances 4 of vibration exciter UVV-04:
¢ geometrically and materially are the same, then

— — )’ .
Sleft = Sright =me and cz)left - cz)right =W -me;
® at any given time they are diametrically opposed to each other regulations, then
Sleft = _Sright and djleft = _@right .

As mass static moment S and the main vector @ of the particles inertial forces of both
unbalances shall be determined by vector sums, in this case,

§=5, 0+ 50, =S, ~ S, =0. B=3,,

—

right right right + @left = cDright - @right =0

and

=S -’ =0.

Figure 2 — To determine the mathematical model CMCUVE UVV-04

Now the formula (3.11) [6] define the moment M 0 ((5,) of inertia force (51. of particle

M., relative to zero point
MO(@L'):Z'X@:' :;;X[(E)Xmi ;’;)Xﬁ)]

Geometrically summing-up all the values M 0 (@ ), detects the principal momentof force

1

of inertia particles proposed unbalance relative to zero point
M, (cpright )= 2M, (@i): Z(FI XD, ): Z{FI X [(E)X m; - Z)X E’]}
i=1 i=1 i=1
and (after obvious transformations taking into account relevant properties of the vector product)

MO<®right):w2 (jg,ml "Xt g _l?';mi'y,' 'Zij'
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Taking into account that according to the formula (321) [7] Y m;-x,-z; =7, and
i=1

dYm -y, -z, =J,., where J _ - centrifugal moment of inertia of considered unbalance
i=1
relatively axis x and z, and J _ - its centrifugal moment of inertia relatively axis y and z,

then o
MO(CDright):a)2 (]sz _?'Jyz)

In brackets of last expression was vector who se projection on the axis X is equal J

(apparently from the recording that is mentioned projection is negative), and on the axis y —
sz; the theory of balancing mechanisms [5] it is called generalized vector jOz centrifugal
moment of inertia of body mass that is rotating, relatively axis of rotation. With all this for the

proposed unbalance

—

JOZ‘

:(j‘-]xz _;'Jyz)’

np

and its module

- 2 2
JOZW :\/(sz)z"'(-]yz)z = (Zmi'xi'zi] +(zmi')’i'zij .
i=1 i=1

Then

M, (éright ) =@’ -J

OZ‘ right

This formula shows that the vector of principal moment M, (@rigm) of inertia forces (131.

—

of particles of proposed unbalance relative to zero point and generalized vector -701‘ y
right

centrifugal moment of inertia mass of the proposed unbalance relatively the rotating axis of
unbalance shaft are in a plane perpendicular to that axis.
According to the design features vibration exciter UVV-04 is easy to prove and clear that:

and M, (@[eft ): M, (Cpn'gm );

Oz\zeﬁ = JOZ\n‘gm
J 0%y = 7 0% and M, (@kﬁ ): M, (cpright)'
As generalized vector J, of centrifugal moment of mass of inertia and vector of the

principal moment M o of inertia forces @i of particles of both unbalances are determined by

respective vector sums, in this case, after appropriate additions and legitimate necessary
changes we come to the expressions:

jOZ =lT-me£-c0s0+f-meﬁ-sin@=me£-(f-c0s0+j-sin6’); Iy, =mel’;

Moza)ZJOZ; M,=aJ, =mew’!,
o0 . . = =z
where ¢/ =—+— — linear parameter, which determines arm of couple (<Dn. it Do )

Then according to work [8] dimensionless geometric characteristics of controlled
mechanical centrifugal oscillation vibration exciter UVV-04
S =0, J=1,
and its invariants of disbalance
inl=S=0, in2=S-J_=0,but J #0.
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It is easy to see that in this case the value J _ is independent of the choice on the axis of

the shaft of center construction (zero point). Generalized centrifugal moment of inertia for such
kinematics scheme is invariant of vibration exciter unbalance.

Start of vibration exciter UVV-04 are performed in statically balanced state with
minimum moment disbalance, which is defined by initial distance ¢, between the plane of

symmetry of unbalances (see Fig. 1). After switching unbalance shaft / in to kinematics state
of steady uniform rotation with angular velocity @, , specified distance is increased by control

ork
mechanism of move able unbalance by moving them from their original position, which leads
to the increase of moment disbalance to necessary given value.

An important feature is that in a balanced state unbalances are in the middle of the shaft,
while increasing disbalance they move to the bearings, which are the pillars of the shaft 7,
which determines and optimizes its bend.

With equally-spaced location of unbalances relative bearings the value of centrifugal
moment of inertia is determined by dependence J, =S,-//2, where S, — static moment of

unbalancemass. The axis of rotation of vibration exciter UVV-04 in working conditions carries
angular oscillation movements and describe the surface in space, called the second-order cone

(Fig. 3).

Figure 3 — Surface (second-order cone) that creates rotational axis UVV-04

Conclusions. CMCUVE UVV-04 generates vibration field of angle structure. Increasing
the distance ¢ leads to increase of value J  , which leads to an adequate increase of the

amplitude of angular oscillation. From Figure 3 it is clear that the amplitude of the points of
longitudinal axis of unbalance shaft is different. This can be seen as a disadvantage of UVV-04,
but that allows in the case of a technological need to use different amplitudes of oscillations for
different  intensity = of  vibration action along the axis of rotation of
the unbalance shaft. As CMCUVE UVV-04 is a modification of vibration exciter UVV-02, the
disadvantages of the last one which were identified in work [3], inherent in UV V-04.
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