406. I nfluence of gpatial resonant oscillations of the vibratory machine
wor king organ on the technological load behaviour

V. Zviadauri?, G. Tumanishvilib, T. Nadiradze

R. Dvali institute of machine mechanics, 10, Mindti,

Thilisi, 0186, Georgia

e-mail: av_zviadauri@yahoo.con%)gtumanishvili@yahoo.com

(Received:02 October; accepted: 02 December)

Abstract. For raising the quality of operation of the vilmat technologic machines a precision of the treatnaand
assemblage of their constructions separate detadsunits has a particular importance. Specifioityelastic elements
(especially of springs) — to oscillate not onlydinection of the acting force but also in spati@rf-working) directions, is
of no small importance.

An attempt is made in the presented work to eldboea common generalized dynamical model of the atilyy
technologic machine, moving in the space due tovalmeentioned reasons.

The following possible deviations are envisagedthe model: of treatment and assemblage of the maghif
interlocation of elastic elements with supportingfaces; of transfer of the exciting force.

Dynamical and mathematical models of spatial moveroéthe loaded vibratory technologic machine,sidering above
mentioned possible deviations, are elaborated.

Numerical experiments of generation of non-worksmatial vibrations and their influence on behaviotithe friable
technologic load, are carried out. A part of theearch results is presented in this work.
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Introduction With this objective a development of the sfiedi
unified pattern and the mathematical model of iapat

Oscillation systems suspended on elastic elessmenmovement of the loaded vibratory technological niaeh

(springs) together with working oscillations arebjgeted identical to actual processes, is appropriate.

to spatial oscillations caused by their spatialidity.

Because of possible errors and deviations of matwfag  Spatial dynamical model

and installing of machine constructional elementsl a

assemblies arise initial deviations that shdddtaken Let's consider spatial motion of the loaded aibry

into account to correct the oscillation systertwating  machine in this aspect (Fig. 1).

model; among them: 1) deviations of the coordirzates, The spatial motion equations we can obtain by
rigidly connected to masses (parts of the systam, 2) introduction of speeds of free pointsand B in kinetic
deviation of exciting power transmission. energies of masses ;rand m accomplishing accordingly

Numerous works [3, 4] are devoted to questiohs translational and relative motions:
vibratory displacement of separate particles andssma
weights. However the problem of complex research o .
influence of all the possible kinematic and dynammvA =Vo, + @, X1y
parameters of the vibratory machine on behaviour oV =V, +@q xR, +V, +@g xIy. (1)
technological loading remains still insufficiensglved.
Finding out of the mechanism of arising of marking
(parasitic) fluctuations, their development andle in the
course of vibratory technological process is rezplir

Position of the n mass spatial interconnected
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Fig. 1. Motion of the WO (@ and TL (Q) in space
oscillatory system is defined by coordinates aftcmds By this model are obtained the interrelated equatiaf

of masses, by points of fastening of elastic elgmend motion of masses; andm, with nonlinear members of
by their reduction to a certain coordinate systaimgithe inertial and elastic character depending on th@ession

directing cosines by table 1: of directing cosines of Euler angles (in linear nonlinear
Table 1 forms).
X; Y, Z Let's present directing cosines in the form ofeful
X | (@) | (@) ()13 Krylov's angles [ 3] and in their decomposition waleall
y (09)n (05)22 (05)23 consider products not higher than second order of
z (&)1 ()52 ()33 infinitesimal (Table 2):
Table 2
X Y1 4
X, | 1- we12=05 1 | =00 + W10 Vo
Y1 Por 1-05,12- &,/ — 0,
Z | Vot Pl | Por¥or+ 0o 1-wé 126512

For definition of dynamic position of the working eq. (2) is carried out by multiplication of line§ the first
organ (WO) are used directing cosines, obtainedthlky determinant on columns of the second one..

expression _ ' ' '
P Ay = @0y + Ul + Ay,

: ) Aip = QyyOly + Uy, + Upslly,  etc. (3)

In this case position of the coordinate syst@bxiyizi
where o; are directing cosines of the’ angles, caused byg|atively to O,xY,z will be defined by table 3 where
initial imperfections 6,/ ;¢ » andaj; - by dynamic  angles of inclinatiom and vibratiorg of the WO are also

displacementd, , i, , ¢, ; expansion of the right parts of taken into account (the fragment of the full taldegiven
only on X,):
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Table 3
X Y1 Z
(-yil2-pt12-p5 2=y 12— | (V10— P —Poy + ¥ 1000 + (Vo1 — 0901 +V 1) COST +
XL | =100 =¥ o) COSE + (96,0, — + 0 01) COSa + (P oy + + U=y — 000y — i 12~
Vot 0o~y —¢.6;)Sina PoWor + 001 — Py +6;)Sina —0712—y4 12-6512)sina

Rotations of other coordinate systems wildieéined in
similar way. ) ,
In view of speeds (1) and directing cosines adogrd 2Symmetric the general sequence of constructiothef

to Table 3 the expressions of kinetic energy ofiomobf mathematical model; c¢) particularities of interantiof
massesm, andm, will be decomposed on coordinate axes™ass€sMi and m,, connected with each other by
Oz, conditional elastic liaison depending on charastes of
The basic differences of the considered system frem the technological load(TL); d) consideration of vid¢ion
classical n-mass spatial system are: a) specifisitghe ©Of elastic liaisons from undeformed state (agagr
massm, (various materials one-sided connected to th&€formations). , _ _ -
massm,); b) defined initial location of masses, mnd m Let's present the differential equations of spatiation

. L of massesn; andm,, obtained with the use of Lagrange
(anglesa and g, initial angular deviationd,;,\;,®,; . method ' ’ | " - Jrang

eccentricities of Equations for the WODN}) (two equation for
translational and rotary motions are given):

exciting power transfers ex,ey,ez), that makes

(M, +m,) X1+ m, [ ('/"/122"‘21/./1.22_¢1y2_2(.P1)I/2_§/(P1+22'//1) cosa, +
+(COSa, + o, SiNa,) X— (5, COS — B, SiNQ, ) Y, +(, COSx +SiNet,) 2+ (b1 Y, +  (4)

+;(21//1_29y2_2).(2‘/./1_‘/}x2 + yz 6,)sina,] :Qxfl +Q;<1;

Ay O+ Ay o+ Ay o+ My (21 Y, COSay +Xa Y, = Y, Z, + Y, 22— 2, Y,) +
AW 0L+ Ay @3V Ay 0o + Ay W 01+ Ay (0241, 0o + 0, 1, —
AL ADE Mxl - Mxll
where coefficientsl,p, 4.0, Asp.....,etc. are functions of and due to considering of errors of fabrication and

the sums of moments of inertia of masses withaetsip assemblage of the real machir {, o, , @,,, etc). In the

corresponding axes, as for example . . .
P 9 P case, whenm, =0 the mentioned items vanish. There are
non-linear members in the next equation (rotaryiomyt

10 0,. _ . .
Ay = ‘]x1 + Jx;7 Ay = ‘Jxl - ‘Jyl + ‘]zz - ‘]yz’ from both, the rotary motion of the mass and the proper
=J -3 +J -3 +J. +J3.. movement qf the massn,, that fpllows from_the gengral
a R 2 Y2 2 4 rule of drawing up of mathematical expression @ tigid
) ) body movement [ 4 ].
Q, andM, - forces and moments of elastic (potential) Differential equations of motion of TL @ carrying
character;Qq and M 0 external forces and moments. out relative motion in the coordinate systenx®,z; and

The items of the left side of eq. (4) contaitertial absolute motion - irOxyz will have the following form
forces arose in the result of interaction of massgs m,. (WO .equat|ons for translational and rotary mosicare
At that, nonlinear members (products) in the first equatior@iVen):
have arisen due to the relative movement of thesnmms
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M,[Xz+ (X1— Z1 @y, — Z1 ;) COSQ — (Xa gy + X iy + Z1) SiNa, + YiPort V10t 2, — 5)

—2p, 2=, ¥, - 20, ¥,]=Q, +Q,;
Cy, (éz+ él) +C,, 1/}2 0, +Cyy 5}2 p,+C,, ¢2 o, —C,, gbz v,+Cqy gbz ¢2+ C,, gbz Wt
+Cay @, W1+ Cop 1 03+ Coop ¥, 01+ Criy 0101 — Crpp Wy 00y +C oo (0,1, — 01 Wy —
—pw) =M, + M, .

Similarly to the previous equations, coefficier@g are wheref is a coefficient of friction of TL on the WO
functions of the sums of the moments of inertimefses.  surface { is usually taken variable in each cycle of the
Equations (4) and (5) are interconnected by noaline motion, depending on dynamic state of TL — slidomgthe
items of potential and inertial character, and fitven of  surface, stops etc.);ry — distance from the surface of

liaison for both systems of the equations is simila friction up to the centre of gravity of TL in tlaérection of
difference is in the presence of the sum of masgeand coordinates (Fig.2); the components of frictioncks can
m, in system (4) where as in (5) only one massppears. be given in this way
The principle of vibratory motion of one body witkispect
to another is just in such form of dependence.

It should be noted, that systems (4) and (5) desea
movement of the masn, relative tom; at their constant

interconnection; potential forces in the form qu are

elastic and damping characteristics of the nmas$ at the
friable material) and depending on its type andafion
relative tom; , the characteristics will vary. Besides, a
dynamical relation betweem; andm, can be uneven and
in this case systems of equations (4) and (5hatdrue
any longer without corresponding corrections [ 4 ].

ForcesQ('q are not related to deformation of the elastic

system or to inertness of the oscillatory systdrase are:
external forces, force of gravity and resistantcéorof
external friction type. Consider their decomposition
coordinate axes in view of initial angular deviaso of _
manufacturing and instaling of the machine |:x2 f. N_sign(xz);

0,,v. ¢,and corresponding eccentricities of

application of the exciting poweg, ,€,,€, (Fig.1b). F, = f,N;sign(y,); (@)

Fig. 2. Model of TL(m2) on WM (m1)

Different approaches are applied to the descriptibn f N_si r(z )
friction forces between WO and TL for materialsladse 2 .NSIgNZ2),
type [ 1, 2, 4], the idea of which is that teaction of TL
on WO is proportional to the speed and deformatiohL;  where f,, f,, f, are friction coefficients between TL and
at that both, the internal resistance and theteass of the WM along directionsx, y, z N, — normal reaction of the
environment in which the movement is realized, takeen load on the lateral surfacebt, — normal reaction of the
into account load on the botton urface; the functisign is non-linear
and is determined depending on the sign of thecitgl¥:
: sign=1 atV < 0 andsign= -1 atV> 0.
Ny = f(a,0). Ther moments of the friction forces with respto
axes of the syste@.x, ¥, z have the form:

At spatial motion (translational or rotary)of TL, . . oo
besides normal reactions, as a result, the monoétese (M fr )x2 - (Fz2 ry = FYz rz)S|gr(6’2)’

forces arise . :
(M fr)yZ = (szrz)SIQr(Wz); (8)
(Fi)g= Mg (Mi)q=(Fq)gTq- (6) .
e ! " e (M fr)zzz(szry)Slgr((oz);
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Where y, 1, are distances from friction surfaces to axes of The moments of the force Q are determined according

the systenO.x, Yo 2 . to theory of the vector algebra []. If we determioe-
The moments of the friction forces relative to anés ordinates of the point ©Qthrough which really passes the

the co-ordinate systemO;X; y; z (axes of the WO) have vector of the force Q; then the moments of thi gect

the following form relative to axes of the systeBix; y; z will have the form:

(M fr)x1 :(Fzzhy - Fyzhz); Mxl :e)’1Q21 _ele)h , MYl zelexl _elezl;

(M fr)x1 = Fzzhz; (M fr)z1 = szhy) (9) le :eleyl '_eV1QX1' . ) (11)

whereh,, h, are distances from friction surfaces to axes of _The equations (4) and (5) in view of egs. (6), (a0)

the systemO.x, Vi z. (11) enable us to carry out comprehensive invetitigaf
In the considered case the WO is restrictechftaio  the vibratory technological processes. o

sides (with plane®x, y: andO, zix; ) and in the direction Particularly, a stady of influence of spatial \atons

Oux, it is oupen; in this case a friction force on theface Of the machine WO on the technologic process ofovib

O y1 is absent and consequently items with multiplierdransportation is realized by means of resounding or
in expressions (8) and (9) are also absent. that spatial vibrations at fixed parameters of igi®aining

ones.
Results of numerical experiments

In Figures 4, 5, 6 are presented relations of vidscof
the friable load displacement to variation of freqoy
(amplitude) of separate spatial oscillations of W& of
the resonant vibratory machine, obtained by compute
modeling. As it is shown, at increase of the amgé of
one or another  spatial (non-working) oscillatiwh the
WO above limits of the certain size, the speelasfic (on
the longitudinal axis) displacement of the TL essdy
varies: at one moment reduces and at anotheredgses; It
is especially noticeable at passing of frequenapugh
resonanced = 50 Hz) when the phase of the fluctuation
changes into opposite one.

It should be noted that in all cases the opegatin
conditions of the machine are the samg=60 Hz) and
Fig. 3. Location of the WO relative to vibro-exciter {min ideal addltlonall resonance oscillations were introduced the
position (I); after assemblage (Il); after dynarhidsplacement ~Process simultaneously.

(1 The given dependences show that in the resonance
vibratory machines, accompanying the basic opegatin
conditions, spatial oscillations break regularity the

The form of the exciting forc&jf depend on the vibro- Vibratory motion of the loose material. Thus,passing
exciter type. In any case a direction and point othrough the resonance, speed of the material shagpies

application of the force are known. and in some areas of frequency (amplitude) charfge o
The WO is presented in three different positiin the speed is commensurable with its calculating mageitu
Fig.3: | — initial (ideal) position, when directioof the Q

coincides with the axis of the non-deformed spramgl Wirsd Vst

passes through the centroid of the WO 4 @ - I IA\
corresponds to the real position, i.e. considedegations / \
determined by tolerances on fabrication and assagebbf

the machine and by eccentricities of transfer ef fitrce ne ] ™ _
Q; Il — corresponds to the position after dynaathic Ve ] \ .
displacement. / \
Considering the mentioned initial and dynamic | 4, hd

deviations, projections of the for@@ on the coordinate )J
axes of the syste®@;x;y;z;, will be: L |
(?x1 = Q[(l//ol + V/l) Slr-]al + COSal’ 0 0 25 0 35 40 45 55 [ 65 Gy Hz
Q. =-Q[(,, +6,)sine, + (¢, +¢,) cosa, ]; t (10)

% o ! ) o ! Fig. 4. Dependence of the speagd)(of the TL in the longitudinal
Q, =Qly o +v,)cosa, +sina,]. direction on the resonant rotary oscillatiop} ¢f the WO
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Fig. 6. Dependence of the speed of the TL in the longitaid)/,)
and cross-sectionV{) directions on the resonant rotary

oscillations {p) of the WO

Can be concluded
mathematical model (in particular,
combined oscillations of WO) it is possible to gohthe

vibratory technological process and achieve
optimization.
492

that with the use of the give
at realizatiod o

Conclusions

1. The reasons and the mechanism of arising ofia$pat
fluctuations in the vibratory machine are consideand
analyzed.
2. The generalized pattern of spatial movement hef t
vibratory machine with a technological load is deped
and the appropriating differential equations aréuded.
3. Influence of various spatial resonant fluctuagiof the
vibromachine working member on behaviour of thalfle
technological load is investigated.
4. It is established, that the combination of safmapartial
resonant fluctuations with the working fluctuatioauses
essential change of speed of the material traresamnt
Basically, these variations have a negative cheract
however, in some cases there is an increase ofl spee
transportation.

At analysis of results of the research iplianned to
create a design of the vibratory exciter with two-
componental (combined) oscillatory operating cdodg.
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