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METO/I PACYETA KORTAKTHOM HATPY3KH B COEAWHERANA TPYEOIIPOBOOR
C C-OBPA3ZHBIM METAJIMTHYECKAM AE®@OPMHPYEMbIM YILTOTHEHHEM

A. A. BOUKOB, E. B. CEPITHYEBA, C. B. IIHIIIKHH
Mocroscruit asuayuonnviti uncmumym (HHY), Poccuiicxan @edepayus

CopeprieHCTBOBaHHE KOHCTPYKLHA aBHALHOHHO-KOCMHUMECKOH TEXHUKU CBA3AHO © XKECTKUM OTPaHH-
YeHHEM KX MAaTCPHMAaNOEMKOCTH, MUHMMH3aIHMell 3anacoB IPOYHOCTH YIEMEHTOB arperaToB NpH OAHOBPE-
MEHHOM VITyUIISHUH TeXHHUKO-SHepreTHYECKHX XapaKTePHCTHK FHAPOMHEBMOTOIUVIMBHBIX arperaTtop, KO-
TOopoe 00yCcIOBIMBACTCS MOBBIICHHEM JaBNeHHIH M pacxona padounx cpefl, pacilipeHHeM TeMIIepaTypHO-
rC AHANa3oHa M B 3HAYMUTENLHON Mepe OrpaHHYHBAaeTCs HAASKHOCTBIO H3OJSLIMH Cpefl, CTENEHLIO repMe-
THYHOCTH 000pyaAoBaHNa, H3onaius cpea AocTHraeTes repMeTH3HpyeMbIME coenuHeHuamu (I'C) paznnu-
HOTO BHOA, KOTOPbIe OTHOCATCA K UMCIY OCHOBHEBIX IEMEHTOB M arperaToB MMApaBIHYECKHX, MHEBMATH-
YEeCKHX, TOTUIMBHEIX H APYFHX CHCTEM, OTIPEAEIIOWIX OOMHI YPOBSHD HAAEKHOCTH JIETATE/IEHOTO AAMa-
pata (JIA).

PaboTocniocofHOCTh B SKCILTYATAIHORHAA 0€30MacHOCTh LISAOro pafa U3Aenuil onpeaensgercd repMe-
THYHOCTBEC HX Y3/IOB, arperaros, coeguHenuii. Jlo HacTogHIero BpeMesH npobiema obecrieveHns Han&xk-
HOCTH TepMeTH3HPYEMBIX YVIOB Pellaiach NPOBEACHHEM MHOTOUMCICHHBIX HCTIBITAHWH Ha repMeTHY-
HOCTH Ha BCEX 3TANax CO3JAHUA W HORBOAKH HOBOTO H3AC/HA, KAK CTEHAOBBIX — HA UMHTaTopax H obpas-
112X, TaK U HATYPHBIX — MPU BO3MOXKHO Goliee MOMHOM MONEIHPOBAHHA BCEX DKCINTYATALIHOHHBIX Harpy-
30K. EcrecTBeHHO, UTO Takoit NOAXOA CBA3AH ¢ OrPOMHON TPYMOSMKOCTBIO HCCICROBAHNH H CONBILIMMM
KANUTATHHBIME 3aTPaTAMH W COBEPIIEHHO HempHeMIeM Ha COBpEMEHHOM STane.

[IpoBeneHo nccnenoBaHue NMPHMEHAMOCTH METOAA pacyéTa KOHTAKTHOH HArpy3KH Ha YIUTOTHASMOM
cteike ¢ C-00pasHBIM YIUTOTHCHUEM METONOM JUCKPETHOTO PELIEHHA CHCTEMBI MHTCTPANBHBIX YPaBHEHUH
Dpearonema. [TomydeHs! XapakTepHbIe 3aBUCHMOCTH H A0Ka3aHA NPAaBOMEPHOCT BEIOPAHHBIX JOTY1HEeHUH
NPH pacyéTe KOHTAKTHOH Harpysxu B coydae HATH4HA obnacreli mnacTHdeckoii nedopmaimn Bo ¢naHue.
Pacu&T KOHTaKTHOH HArpy3kH Ha YIUIOTHAEMOM CThIKE PAacCMOTPEH Kak OCHOBHAf YacTh pacuéTa coelld-
HEHHA HA TEPMETHIHOCTE.

B npaunHoii pafote npopelieHO HeceIOBaHHE MPUMEHNMMOCTY METOJA PacuéTa KOHTAKTHOH Harpy3KHi Ha
YIUIOTHAEMOM ¢ThIke ¢ C-00pa3HBIM YIIOTHEHHEM C NMPHMEHEHHEM CHCTEMBI HHTErpalbHEIX YPaBHEHHH
®pearoneMa. [lomyueHs! XapakTepHbIe 3aBHCHMOCTH H J0KA3aHA IPABOMEPHOCTE BEIOPaHHBIX AOMYILEHHMIA
TIpH pacuére KOHTAKTHOH HArpy3Ku B citydae HaauuMa obrmacteil nnactuueckoii aepopmamuu Bo (aHue.
Pacuér kOHTAKTHO!H Harpy3Kd Ha YIUIOTHAEMOM CTHIKE PACCMOTPEH KAK OCHOBHAA YACTH pacuéTa coeaH-
HEHHA HAa T¢PMETHHHOCTD.

PaipabGotka MeToIOB pacuéTa Ha FepMETHYHOCTE MO3BONIAET 3aMEHHTE BCE APOMEXYTOTHEIE H PAJ ¥3-
JIOBLIX HCTBITAHWH H3YYeHHEM MOBSACHHUA BUPTYANBHOH MOOEIH YIUIOTHIGMOro CTEIKA TIPH BO3ASHCTEBHH
KOHCTPYKTHEHHIX, TEXHOJIOTHYECKHX H KCIUTyaTaUHOHHBIX (aKTOpOR.
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FEATURES ESTIMATION OF FORCE PARAMETERS IN DYNAMIC INTERACTIONS
OF ELEMENTS OF MECHANICAL OSCILLATION SYSTEMS

R. §. BOLSHAKOQV, A. V. DIMOV, S. V. ELISEEV, A. V. ELISEEV
Irkutsk State Transport University, Russian Federation

In solving the problems of the dynamics of machines and equipment under the influence of vibratory
external influences, in particular, in problems of vibration protection, the coordinates of objects whose fre-
quency dependences are revealed in the frequency characteristics of the system are usually used as parame-
ters of the dynamic state [1-3]. At the same time, the notion of dynamic reactions of constraints arising at
the points of connection of the elementary links of the system with each other, as well as at points of con-
tact with supporting surfaces and the object of protection, are of great importance [4, 5].
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To a lesser extent, the properties of the reactions of constraints arising at points of contact or connec-
tions of elements of a mechanical system with each other are studied. Of particular importance, in this re-
spect, is the estimation of the values of dynamic reactions at characteristic points of the system that deter-
mine the reliability and safety of the system as a whole. In this sense, the value of constraint reactions can
be considered as parameters of the dynamic state, as well as coordinates, velocities and accelerations of the
movement of the protection object.

In the present article, the features of the formation of constraint reactions in linear mechanical oscilla-
tory systems with two degrees of freedom under the action of harmonic external perturbations in the con-
cepts of use of reactions as parameters of the dynamic state of the system are considered.

L. General provisions. Peculiarities of the research problem formulation.

The generalized computational scheme for solving the problems of the dynamics of objects in systems
with two degrees of freedom is presented in figure 1, a. In addition to the concentrated masses m, and m;,
the system contains elastic elements with stiffness coefficients k), %, 3. The system has two support sur-
faces I and I, which can perform harmonic motions z;, z;. The motion of the system is considered in the
fixed basis using the coordinates y, and y,. At the contact points (pp. A+B), restraining (or bilateral) con-
straints are assumed [6). The equation of motion of the system under the kinematic perturbation (¢ = 0,
QO; = 0) has the form of

my, +y1(kl+k2)_k2y2=k|zl(t)+gl(t), 1)
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p.Al k Figure 1 — The generalized computational scheme and structural diagram of a mechani-
p A 1 cal oscillatory system with two degrees of freedom

Construction of the structural diagram (figure 1, b) requires getting of equations (1), (2) in Laplace
transformation [4, 5] what is needed to determine dynamic reactions.
II. Determining dynamic reactions of constraints at characteristic points (pp. A-B).
The calculation scheme in figure 1, b is considered; these schemes are equivalent. All the relations are
written in the operator form (3, y, ).
After transformations of the original expressions the dynamic reaction at the protection object, that is, in
the mass-and-inertia element m,, is determined by summing the reactions at points 4, and A,.
Thus,

= ) )
E,. (») =§A, +}_EA: = kZ [k (m,p” +k, +Af:3)+k2(m2p +k)]

or

_ kU +k)m, p* + K (ky + k) + ok . o)
4, "

The total dynamic reaction E,& (p) formed on the mass-and-inertia element m, is determined as the sum

R, (D

of two dynamic reactions R,, and X, .
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Conclusion

1 Dynamic constraint reactions can serve as parameters of the state of a mechanical oscillatory system
as well as known forms of estimation based on the use of kinematic parameters.

2 The dynamic reaction of the constraints at the selected point of the system is defined in the operator
form as the product of the displacement by the unit dynamic stiffness and carries information about the
features of the resonance modes and the dynamic damping of the oscillations.

3 Methods of structural transformations are proposed for obtaining dynamic reactions, which are based on
the use of the parameters of the feedback chains formed with respect to the selected mass-and-inertia elements.

4 The effect of the maximum of the constraint reaction is discovered, which is physically treated as an
increase in the unit dynamic stiffness at the frequency corresponding to the mode of dynamic damping of
oscillations.
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BAJIKH THMOHIEHKO

V. C. TA®YPOB
Mocxkoecxuii asuayuonnviii uncmumym (HHY), Poccwickan ®edepayus

A. B. 3EMCKOB, ] B. TAPJIAKOBCKHH
HUH mexanuru MTY um. M. B. JTomonocosa, 2. Mocxaa, Poccutickas edepayua

PaccMaTpmBaercs 3amavua O HECTAUMOHApHBIX koneGaHuax OankH TuMolleHko oA AelicTBHeM Naphl
HM3rpGamX MOMEHTOB. CXeMa MPWICKEeHHBIX YCHIIHIH, a TakoKe OpHMeHTallHs Ocell NpAMOYTONbHON de-
KapToBOii CHCTEMBI KOOPAHHAT NPEACTABIIEHAa Ha PHCYHKE 1.

M, o, o n,

PucyHox | — HnmocTpanHa kK NocTaHORKE

> 3an24H
x =0 m=Ix

Mg+ F2v M.+

MaremaTudeckas MOCTAHOBKA 3aJaYH BKMOYAET B ¢ebda ypaBHeHMs wsruba Ganku TUMoOmIEHKO W
ypaEHeHHe macconepenoca [1-3]:
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