THE METHOD OF DYNAMIC CHARACTERISTICS
DETERMINING OF MULTIDIMENSIONAL
MECHANICAL OBJECTS WITH RESPECT TO
VIBRATION CONTROL

Wieslaw Wodzicld and Jan Awrejcewicz
Deparmment of Automatcs and Biomechanics, Technical University of Lodz,
1/13 Swefanowski St., 90-924 Lodz, Poiand

;

Introduction
in many cases we encounter vibratory svstems consist of mechanical objects in many points
supported by elastic elements. The dynamic anaivsis of such svstems. the problems of force or
displacement vibro-isolation, or problems of passive or actve vibrations control can be
formulated and solved by the method of composig of the dynamic characieristics of particular
suosvsiems {1, 2|

The matrix of compiex factors of spectral transmittance defined by formuia (1) constinutes the
dvnamic characteristics of muitidimensional vibratory object for a given input funcrion
frequency:

Gyiol == A, @ieia, @), =L (1)
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where : X - j-th complex enoy (force);, vi ~ i-th compliex exit (displacement); Aj{w) ~ the
modulus of spectral transtmittance, gy{@) — argument of spectral transmitrance.
The vibrauon of the system shown in Fig. 1 can be dvnamically excited by the forces originating
in the object durmg its work (¢.g. centrifugal inertia forces from unbaianced whirling elements) or
by kinematic vibrations of the background.

Assuming that the object in the system from Fig. 1{a) generates not well known harmonic
input function during its working time (the so-calied active object), the block scheme of the
considered vibratory sysiem can be presented in the form shown in Fig. 1(b),
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Fig. 1. The scheme (a) and the block scheme (b) of the vibraton svstem.
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where: x — n-dimensional vector of complex displacements of object supporting points.
F.- n-dimensional vector of complex forces in supporting points origmating from the inpuc
functon generated by the object, Goliw) — square (n x n) matrix of specral transmittances of the
object treated as free in space, G.(ie) — diagonai (n x n) matrix of spectral wansmittances of the
¢lastic suppon slements.

In the cases of massless. elasuc—suppressing (k;, ¢;) supportng elements, the elements of
spectral transmittances mamix are sxpressed in the following way

G,

wplio)=k; +ic o, {(2)

The vector of displacement of supporting points of the vibratory objects reads
1=(I1+G,G,)"G,F., (3

where [ is the elementary mamix. It is essential, however, to determine previously the marmmix Go
and the vector Fu, This is why the experimental analytical method was suggesied to detrermining
this dynamic characteristic of real, both suff and flexibie, passive (not generadng input funcuen)
as weil as active (generating input function) objects.

Passive object
It consists of the passive object O and its rassiess supporting elements of the known suifness &/
and damoping ¢, The known exiemal harmonic input function F, influences the object in the
Supporing points.

The system in Fig. 2 can be divided in the supporting points into 2 subsystems: the object and
the supporting elements (Fig. 3). The following conditions of comtinuity and balance for
separaton points describe the mumal dynamic influence of subsystems:

x=x,=x,, F, =-F, (4)
The displacement of the object in the separation points is governed by the equadon
x, =G, (F, - F,). (3)

where Gy is the sought spectral transmittances matrix of the object treated as free in space.
The displacement of suppordng elements k', ¢;' (Fig. 3) in the separanon points has the form

1, =G]F,, 6)
where G, is the known diagonal matrix of specrral transmittance of the supporting slements with
the coetficients G; plio)=k'ric'o.

Having taken into account the conditions of (4) and the equadon (6) in (5) we get

(1+G,G,)x=G,F,. M
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Fig. 2. The scheme of the svztem to  Fig. 3. The system presented in Fig. 2

determine the dynamic characteristics of the  after separation into nwo subsystems.

passive object )
Having transformed the expression (7) we get the being sought mavrix

G,=G,(0-G,G,)", (8)

where G, is the mamix of spectral wansmittances of the object from Fig. 2 which can be
experimentally determined on this svsiem, and st the same time G, =x, /F, .

Active objects
The svsiem shown in Fig. 4 (and afier separation in Fig. 5) has been studied.
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Fig. 4. The scheme of the system to determine the Fig. 5. The system presented in Fig.4
dvhamic characteristics of the active object. after seperation into subsystems

The matix of force diswibution of Fw into panicular supponing points from the forces Fo
generated in the object must be additionally determined for the active object The conditions of
continuity end balance have the form (4). The displacement of subsvsu:ms separation points
equals to
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1,=G,F, +x,, {

where 1., is the vector of displacement of separation points of the object coming from the inner
forces generated by the object. The displacements of the separation points of supporting eiements
are expressed by (6). Taking into account (4) and (6) in (9) we get .

1, =(I+G,G,)x,, (10}

Multiplying both sides of (10) (from the left side) by matrix G, we obtain the expression for the
sought vector of force separation

F,=(G;' - G,)x,, ; (1n

where x, is the vector of supportng points displacements in the system from Fig. 4 caused by
harmonic input function F. generated by the object.

Conclusions

The method presented i the paper allows for determinadion of the dynamic characteristcs of
flextble or stiff passive G and active F objects on the basis of direct experimental measurements
carried out on real objects and computer calcnlations, The detwermined characteristics can be used
for dvnamical analysis of the sysiem with such objects, for the selution of vibro-isolation
questons and the problems of passive or active vibrations conwol of these objects.

The presented method for determination of the dynamical characteristics of multidimensional
slastically supported mechanical object will be further spplied with respect to the proposed
scheme (see Fig. 6).
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Fig. 6. The block scheme of a system to acﬁvc‘ vibrations control of an object Golim).
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