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MocTb ko3 druuenTa Tpenus f maper TM-1 o1 yaenbHOro Harpy)xeHHs KOHTAaKTa IIPH pas-
JMHYHOH KOHIIEHTpalUH abpa3uBa B )KUAKOCTH.
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Puc. 2. 3aBucuMocTs K03pPUIHEHTa TPEHUS OT YASIBHOTO JaBJICHU Ha KOHTAKTe Haphl Tpe-
aHug TM-1 o TM-1 u coneprkanus abpa3uBHBIX YaCTHI] B THIPOCMECH.

AHanm3upys 3aBUCEMOCTD f=¢(py,) MOXKHO ClieNaTh BHIBOIBL:

1. Hagexnas, B HEKOTOpoH CTeneHH, paboTa Iapsl TPEHHS H3 TBEPAbIX MATEPHAIOB B
abpa3uBHO# ruApOCcMeEcH BO3MOXHA rpu pv<6 MIla-M/c.

2. Ha n3HOC MaTepuaioB KOJIEH Naphl TPEHHUS CYIIECTBEHHOE BIHAHHE OKa3hIBAE€T TOH-
Kas Ppaxuus abpa3suBHBIX BKIIOYCHHH pabodeit cpembl.

3. 3amyTa napel TpeHHs BO3MOXKHA IIyTeM BBHIOOpa TBEPABIX MAaTEPUATIOB H YCTAHOBKH
CHIEIHAIBHBIX (MIIBTPOB B y3JaX TPESHHUS.

JIurepartypa. 1. 'omy0 M.B. M3HococTOlKIE KOMIIO3UITHOHHEIE MATEPHAIIBI HA OCHOBE
kapOuja Bons¢ppamMa, MeIH U HUKeNd. - JloNroBeYHOCTh TPYUMXCS AeTajieid MammH. —M.:
«MamuuocTpoenue», 1985, Bom. 1. c. 217-234. 2. Tony6G B. M., ITneckaueBckuii }O.M. Us-
HOCOCTOMKHE ITOKPHITHS paboduX IMOBEPXHOCTEH KoNel Hap TPEHHs TOPLOBBIX YILUIOTHEHUH
Ha OCHOBE pa3sHO3EPHHUCTBHIX MOPOMKOB kapbuna Boibdpama. // Marepuansl, TEXHONOIHH,
uHCTpyMeHTHI, T.6, Ned, 2001. - C. 29-32.
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Among the problems connected with designing and operation of machines with
power-operated transmission drives an important place belongs to the problem of study of the
frequency range of natural oscillations.

One of the most labour-consuming computing operations is not only the computation
of the natural frequencies but also the determination of their quantity in the given frequency
range. Well known is the problem when it is necessary to determine the probability of occur-
rence of resonance conditions at certain frequencies with no need to calculate the natural fre-
quencies.
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The system of equations of motion of the mechanical system elements can be obtained
by equation:

=0 )

d(0E, ) o, O, o,
dt\ 04, oq, 0q, 0g,
where E,, E,, E, - are kinetic, potential and dissipated energies of the system, respec-

tively, g, - the generalized coordinate, Q, - the generalized force.

After substitution in the equation (1) of the expressions for the given mechanical sys-
tem energies and appropriate transformations, the equation of motion written in the matrix

form will change into:

[MHg}+[cKat+[kHa} = {F}, )
where [M] [C] [K] - are mass, damping and stiffness matrixes of the system, respectively,
[4] [4]) [4] - the displacement vector of the mechanical system and its derivatives,

{F} - the vector of external forces.
Since for natural oscillations the vector of load {F}= 0, and vector of motions is de-
scribed by the periodic function {g} = {g, Je’*'. "
Thus, the equation (2) assumed the form:

(k]-o’[MDg.}=0, 3)
where j=+~1, o - the natural frequency, { a} - the vector of amplitude values of dis-
;Ela]cements of the system units at oscillations with the system damping to be neglected, i.e.
Cl=0.

It is evident that the natural oscillations equation (3) has a non-trivial solution in one
and the only case when the determinant

D = det([K]-o*[M])=0. )
Since the potential energy of transmission E, is a positively determined quadrant
function, the roots of the secular equation (4) are positive and (in accordance to the secular
equation roots division theorem) divided by the principal diagonal minors of the determi-

nantD .
Let us form a sequence of the principal diagonal minors of the determinant D, added

with D, =1:
D, b, D,, Dy, .., D,,, D,,, 1. 5)
According to the secular equation roots division theorem (4) when @’ =0 all the
terms of the sequence (5) are positive, and the quantity of changes of sign in the sequence (5)
is equal to zero. When @’ — oo the sequence (5) has »n changes of sign. Let us assume that
when o =, the quantity of changes of sign by the sequence (5) is equal to s, , and when
o = @, is equal to s,. Then s, of natural frequencies are in the interval of the frequency axis

0<w<a®,,and s, - inthe interval 0<w<w,. It is evident that 5 = 5, — 5, of frequencies are in
the interval o, <0 <w,.

With sequential reduction of the interval [o,,®, |, we can select frequency ranges with
the only natural frequency or their given quantity. Every natural frequency can be determined
with a given accuracy. The most simple and easy method of frequency selection is the method
of dividing frequency intervals in half.

In most mechanical transmissions the quantity of masses in the system is greater by

one than the quantity of degrees of freedom. This is explained by that such systems have no
stationary mass closing. Dimensionality of matrixes in the described method is determined by
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the quantity of masses. In this case when @ — 0 there is one change of sign in the sequence
t).since @ =0 isa «fictitious» frequency of the system corresponding to the motion of
the system as a solid whole. The quantity of real-valued frequencies for such system is equal
won-1.

The suggested method is effective not only for calculation of natural frequencies of
transmissions but for determination of their quantity in the given frequency ranges. This al-
bows to access the possibility of occurrence of resonance conditions in operation under real
loads.

The assessment of reliability of the results obtained through the described method is
given in comparison with the accurate analytical solutions. The suggested algorithm is real-
ized in the calculation of tractor-drawn silage combine harvester. The obtained natural fre-
quencies have satisfactorily agreed with those found through other methods.

References. 1.Przemieniecki J.S. Theory of Matrix Structural Analysis. McGraw-Hill Book
Company, New York, Toronto, London, Sidney. 1968. 2. Halfman R. Dynamics. Addison-
Wesley Publishing Company, Inc., London. 1971.

YK 539.3
0.V.Gromyko, A.O.Gromyko

NATURAL OSCILLATIONS OF MODIFIED CONSTRUCTIONS

Minsk, Belarus, Belorussian State University

Equation of natural oscillations for undamped mechanical system in matrix form is
written as:

(K]-o*[M]ig}=0
(E]-w?[P[MDig}=0 1)

where
[E ]- identity matrix,
[P]=[K]" - compliance matrix inverse of the stiffness matrix [k ],
[M ] — mass matrix,
{q}- displacement vector (at the given natural frequency @, the vector {q},. corresponds to

the i -th form of oscillations).

If the mechanical system has small constructional modifications with the compliance
and mass matrixes changed to [AP] and [AM ] , respectively, then equation (1) for the new
construction modification is written as:

(£]-(0* + 402 [P+ [aPD(M]+ [aMDkig}+ fagh = 0 @
where Ao’ and {Aq} — are changes in the frequency square and vector of form of natural os-
cillations.

As a first approximation, omitting the small increment products, the matrix equaion
(2) is written as:

{4}+a{B}=0 3)

where



