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NUMERICAL ANALYSIS OF THE SOLUTION OF SOME OSCILLATION
PROBLEMS BY THE DECOMPOSITION METHOD

Abstract: Rectangular flat plates are one of the main clements of building structures and constructions. While
solving applied problems of oscillation of rectangular flat elements then a wide class of oscillation problems occur
related to various boundary-value problems: approximate oscillation equations, various boundary conditions at the
edges of a flat element and initial conditions. In the theory of oscillation, an important point is to determine the
frequencies of intrinsic variations, to solve problems on forced variations of a plane element, and to study the
dissemination of harmonic waves in them. In this paper, we present the results on the investigation of natural and
forced oscillations of flat elements taking into account the stratification of element’s material of rheological viscous
propetties, the influence of the environment a deformable base, anisotropy, etc. The influence of these factors makes
it much more difficult to study the problems of natural and forced oscillations of a flat element on dissemination of
harmonic waves in them.

Key words: natural oscillations, forced oscillations, frequency equations, transcendental equations,
decomposition method, relaxation time, voltage, plate.

In the study of harmonic waves in deformable bodies, there is introduced a concept of phase velocity
as the rate of change of the environmental state, while the phase velocity is expressed in terms of the
natural oscillation frequencies, and therefore the study of harmonic wave dissemination is directly related
to the problems of determining natural shapes and frequencies of oscillation concerning flat elements.

In this paper, we present the results on the investigation of the natural and forced oscillations of flat
clements taking into account the stratification of the element’s material, rheological viscous properties,
the influence of the environment, a deformable base, anisotropy, etc. The influence of these factors makes
it much more difficult to study the problems of natural and forced oscillations of a flat element on
dissemination of harmonic waves in them.

Therefore, the work is devoted to the formulation of various boundary-value problems of rectangular
flat element oscillations taking into account the viscosity as well as the abovementioned factors of
geometric and mechanical nature.

First of all we consider the frequency equation

a, cos(a,l,)sin(a,l,) — a, sin(e, [, ) cos(e,1,) = 0. (1)

and its equivalent equation
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One of these frequency equations follows from the condition a =0 that leads to the frequency
equation
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=0; (3)

The frequency equation (3) also follows from the equation
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for hinged plate.
If we consider other approximate frequency equations derived from equation (2), for example, the
equation
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The conditions of convergence (2), described by inequalities
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the root of which is equal to
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also contain the left side of equation (3) and indicate that all the roots of the transcendental equation (2)
are between the roots & u &, and which are the lower and upper boundaries of all frequencies of the

transcendental equation (1).
A similar conclusion follows from the transcendental equations

2 2
G4 sin(a,, )sin(a,/, )— 2 cos(a,/, )cos(al,) = 0 (10)
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Of other transcendental equations.
Thus, the natural oscillation frequencies of a rectangular hinged plate & u &,, based on an

approximate equation of fourth order oscillations in derivatives are the lower and upper boundary of
natural oscillation frequencies of a rectangular plate under more difficult conditions for fixing its edges.

JPYTUX TPAHCLCHACHTHBIX YPABHCHUI.

The obtained results belonged to the class of boundary-value problems, when two of the opposite
edges of a rectangular plate are hinged, and the other two edges have different fixation conditions or are
free from stresses.

If all four edges are arbitrarily fixed, then it is not possible to obtain exact frequency equations as
described above.

For such problems, you can successfully apply an approximate method of obtaining frequency
equations based on the decomposition method developed in the works of Professor G.I.Pshenichniy [74]
for static problems.

Let us consider a number of problems of oscillation of flat rectangular elements under arbitrary
boundary conditions along the edges of an element in order to determine the natural oscillation
frequencies by the decomposition method.

We present the formulation of the method in the case of a flat element, when the material of the
clement is elastic. In the future, the method will be applied to elements of a high elastic material.

In the case of a flat element made of an elastic material, an approximate fourth order transverse-
oscillation equation is written as

& ow oW

2
AW—D()?AW-FDI?-FDZ v 0, (11)
where the coefficients are determined by the geometry and material propertics of the flat element.
The solution of equation (11) will be sought in the form
b
W =exp i (x.y) (12)

Substituting (4.6.2) into equations (4.6.1), for W, we obtain the equation
bY bY| (bY
AW, +Do@ $EAW, +§2@ {D{ZJ g —DZ}WO =0 (13)

To use the decomposition method, it is more convenient to introduce new independent and dependent
variables.
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In variables (14), equation (13) takes the form
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The method of decomposition in the theory of oscillations in general formulation reduces to the
following.

The formulation of auxiliary problems is formulated.

1. Find a solution to the equation

4
e p) (16)

under boundary conditions
Lie.B)=0,  L(e,p)=0, (x=07) (17)

2. Find a solution to the equation
4

< =V p) (1)

under boundary conditions
L3(a,,b’): 0; L4(0{,,B): 0; (,820;72') (19)

The boundary conditions at the edges of the plate depend on the conditions of its fixation or on the
free edge from stresses.
Rest of the equation (15)
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where f (")(01 P ) arbitrary functions the forms of which depend on the boundary-value problems.
Following the decomposition method, we assume that

A :%[vlJer] 21)

and the condition must be met at given points on the flat element.
The general solutions of the auxiliary problems equations (16) and (18) are

2

= 1l B+ % (B)+ % 0.(8) + o (B)+ 0, (8),

3 22 (22)
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where (D 1L /4 )i arbitrary functions of the arguments and are determined from the boundary conditions

(17) u (19).
In the following, arbitrary functions in the general form will be represented
as
f(j)((x, ﬂ) = Z Zafj,l sin(om)sin(ﬂm), (23)
n=l j=1

where aiﬂl arbitrary constants, and functions f] (0{, o ) in common solutions (22) are equal

fl(oc, ,8) = ii e sin(om)sin(,b’m),
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£ B)= Y 2 sin(an)sin(m) 04)

Using private solutions of problems under given boundary conditions and using approximate
representations (21), to find the unknowns Cl,g],zq we obtain a homogeneous linear system of algebraic

equations whose nontrivial solution leads to the frequency equation.
We illustrate the decomposition method on a number of particular boundary-value problems of the
oscillation of a flat element.

Problem 1. We consider the simplest problem when all edges are hinged. This problem was solved
by the direct method (13) and the frequency equation (14) was obtained, where it is necessary to set the
relaxation time to infinity.

Boundary conditions have the form

2
1:8‘};:0 (@ =0;7),
oo (25)
o
Py = 8,6’22 =0 (,B = 0;72'),
satisfying which general solutions (22), we get
w=fl@p)  Av=flep) (26)

or private solutions are equal
o (B)=v,=0)  =(1..4)

Satisfying solution (26) to conditions (21) and equation (20), for the frequency é(: we again obtain
equation (14).

Thus, an approximate decomposition method gives the same result as the exact direct method.
Consequently, the decomposition method can be applied with a sufficient degree of reliability in the
solution of other boundary-value problems.

Problem 2. A rigidly fixed plate on the edges. Boundary conditions have the form

vlz%:o (0{20;72');
lo4
(27)
15,
vlza—‘z):o (,8:0;7[);

Using general solutions (22) and boundary-value solutions (27), for the unknown quantities v,, v, get
expressions
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We confine ourselves to the first coefficients in the series of arbitrary functions (23) and the condition

an).

T . .
V,=V,; (0{, o ) = PL we get a system of algebraic equations
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Nontrivial solution of system (29) to the frequency equation
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Problem 3. The edges of the plate S =0, f =7 are rigidly fixed and the edges a = 0; o = 7 are
free from stresses i.¢. we have boundary conditions

oy oy
0w =0, =0,(c =0;7)
3-2v o*
= A+ BE |, 31
QO [7—4VJ|: 8182 ﬂ"lé :|7 ( )
aVZ
Vz_ﬁzo (ﬁ:O,ﬂ')

The solution of the problem to determine V, has the form (2 8).

To find the unknown function V; from boundary conditions

3
2‘}; =0ata=0,7
o
we obtain
1 o1,
(01 =- aa; a:o;¢1 - aa; N ”7 (32)

()

which can be fulfilled at 7 = 2¢ that is odd values of unknowns @, ; must be set to zero.
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Conditions (31) at @ = 0; 7 lead to the system

3-22w\ (7’ 0% n’ & ’p, 0o
[7[§01+§02]+£ j — 21+_ 22+7T 23+ 24 +
7 — 4y 6 op 2 o op op
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ERA LAY
0, = [7 4Vj£8,32 +4¢ @4] (33)

Two equations (33) connect three unknown functions. Since we are looking for private solutions of
problems without limiting the generality, the unknown function ¢, can be put equal to ¢, = 0.

vypaBHEeHM (33) CBA3BIBAIOT TPH HEU3BECTHBIC (PYHKLIMH. Tak Kak WINEM YaCTHBIC PELICHHS 33424, TO
HE OTPAHHYMBAS OOLUIHOCTH, HEM3BECTHYIO (DYHKIHIO (9, MOXKHO MOJOXKUTH PaBHOH ¢, = 0.

From the system (33) we get the equation for (04 <

T0s g 0P pigsg, - —3[7_4VJ {7{1{3—2\)}7[_2,11252}%
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whose particular solution is equal to

P, = ZZaglq)ymAgr)n sin( m), (35)

g=1 m=1
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2
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Restricting to the first components a&); al()zl), as in the previous problem, we obtain the frequency

equation
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Problem 4. The edges of a plate (,6’ =0; 72'); a =0 rigidly clamped and the edge o = 7 is free from
stress.

In this problem the desired function V5 is determined in the previous problems and Vy is equal to

3 2

:fl(anb))"'%¢1(ﬁ)+a_¢2(ﬁ)+a¢3ﬁ;

2
&h oh
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As in the previous problems, we obtain the frequency equation
2ll1+Z-B +c[1-2 +@ﬂf§2 B-Z-1]-
2 U o 2 b2
2
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2 2 48 8 /4
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where B,,C, are equal to
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Frequency equation (40) defines three frequencies unlike the previous ones which is apparently,
connected with the fact that the edgea = 7 is free from stresses and the waves are reflected from the
rigidly fixed edge a=0.
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KopxsIT ATa arsmHIass! Kei3eutopaa MeMIICKETTiK YHHBEPCHTETI, KBI3bUTOPIA K.

JEKOMITO3HINSA DICIMEH IILIFAPLIIFAH KEIBIP TEPBEJIC
ECEBIHIH IEMIMIEPIH CAHJEIK TAJIIAY

Annoramusi: Tik OypbIITHI MONHAETT Ka3blK IUIACTUHKANAP KYPBUIBIC KOHCTPYKIMSUIAPBIHBIH OKOHCE
FUMAPATTAPBIHBIH, HETI3TL JNMeMEHTTEpiHiH Oipi Oosbim Tabbutamel. Tik OYPHIOTHI JKA3BIK JIEMCHTTEPAIH
KOJIAaHOAEI TepOeITic ecenTepiH menly Ke3iHAe NIETTIK €CENTEp VIINiH, MKa3bIK JICMEHTTEPAiH OaCTaNKbl MAPTTapPhI
MEH IICTIHACI] IIETapanblk IAPTTapblHA OAMIAHBICTBI OP-TYPHIL SKOFApBl CAHATTBI €CENTEp MakHma OOIambL
TepOemicrep TEOPHACHIHIA MEHITIKTI TEPOCITICTIH >KULTITIH AHBIKTAY, >Ka3bIK IIEMEHTTEPAIH EpiKci3 Tepbeic ecedin
HICHIy >XKOHC OHJAFhl TAPMOHUKAIBIK TOJIKBIHAAPIBIH TApAIYBIH 3EPTTEY HETI3ri Ke3eH Ooxbim Tabbutamsl. byn
JKYMBICTA Ka3bIK JIIEMEHTTEPAIH O3IHIIK JKOHE €piKCi3 TEpOEINiCiH, MATepHall NCMEHTTEPIHIH KATHAPIBIIBFGIH,
TYTKBIP PEOJOTHSUIBIK KACHETIH, KOPIIAFaH OPTAHBIH OCEPiH, HETI3iHIH Ae()OpPMAINIIFa YINBIPAYbI, AaHH30TPOITHACHIH
JKOHE Tarbl 0ACKA [1a MKACAJFAH 3epITTey IemiMaepl Kearipineni, ce6edi KepceTimreH (PakTOPIapAbIH dCEPi HKA3bIK
3MEMEHTTEPAIH O31HIIK >KOHE epikci3 Tepbemici eceOiHAeTi TapMOHHMKAIBIK TOJIKBIHAAPABIH Tapaiy IpPOLECIH
3epPTCY i aUTAPIBIKTAH KHBIHAATAIBL

Tyiiin cesaep: +es3iHmik Tepbemic, epikci3 TepOeric, JKUUTIKTIK TeHACYNEepl, TPAHCHCHACHTTIK TCHACYICP,
JCKOMIIO3UIM 9/IC1, TApally YaKbITHI, KEPHEY, ITACTHHKA

A. Ceiitmyparos, b. ZKapmenona, A. layner0aesa,
X. Bekmyparosa, J. Tyaerenosa, I'. Ycenosa

Ko3pmmopanHCKHH TOCY JapcTBEHHBIH yHUBEPCHTET HM.KOpKbIT ATa, r.KbI3bII0paa

YN CJIEHHBII AHAJIN3 PEIIEHHASI HEKOTOPEIX 3AJTAY KOJEBAHUSI METOIOM
JTEKOMITO3HIINHT

AnHoTtamusi: [TMOCKHE IUIACTHHKH NPAMOYTOIBHOW (DOPMBI SIBIIFOTCA OJHHMH W3 OCHOBHBIX 3JICMCHTOB
CTPOWTEIBHBIX KOHCTPYKUHMH WM COOpY:KCHHH. [IpM perieHWM NPHKIAAHBIX 33734 KOJICOAHWS IMPAMOYTOIBHBIX
IUTOCKHX 3JIEMCHTOB BOSHUKACT MIMPOKHHN KIIACC 33724 KOJCOAHHH, CBA3AHHBIX C PA3IHYHBIMH KPACBBIMH 3a0aYAMH:
l'IpI/I6J'lI/I>KéHHI>IMI/I YPaBHCHUAMHA I(OJ'Ie6aHI/I}I, Pa3IATHBIMHA I'PAHUYIHBIMH yCITOBHAMHA HA KPAAX IUTOCKOTO JJICMCHTA H
HAYaJIbHBIMHU Y CJIOBHAMH. B TCOpUH KOJICOAHUS BAKHBIM MOMCHTOM SIBJISICTCS OnpCACICHUE IACTOT COOCTBCHHBIX
KOJCOAHMH, PeIICHAE 3aa4 O BHIHYKICHHBIX KOJCOAHMAX ILTOCKOTO JICMCHTA H HCCICAOBAHHC PACIPOCTPAHCHIS
TAPMOHMYCCKUX BOJH B HHUX. B maHHOH padoTe NMPHBOAATCA PE3yJIbTAThI MO HCCICAOBAHWIO COOCTBCHHBIX H
BBIHY>KACHHBIX KOJICOAHHH ILTOCKHX 3JICMCHTOB C YUETOM CIOMCTOCTH MATEPHANA ICMEHTA, PCOTOTHYCSCKUX BA3KHX
CBOWCTB, BIMSHHS OKPY’KAKOIICH cpenpl, AeOpMHPYEMOTO OCHOBAHHUSA, AHH3OTPONHH W T.4. BIMAHHE YKA3aHHBIX
(haKTOPOB 3HAUMTCIILHO 3aTPYIHACT HCCICAOBAHMC 33734 O COOCTBCHHBIX M BBIHY KACHHBIX KOJICOAHMSX ILUIOCKOTO
3NIEMEHTA, O PACTIIPOCTPAHCHUH B HUX TAPMOHIYCCKAX BOTH.

KmoueBpie ciaoBa: CcOOCTBEHHAsd KOJCOAHWSA, BBIHYKACHHAI KOJCOAHWS, YaCTOTHBIC VPABHCHHI,
TPAHCUCHACHTHBIC YPABHCHUA, MCTOA ACKOMIIO3UIIAH, BPEMA PCIIAKCALINH, HATPSOKCHUA, MIIACTHHKA
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