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Numerical solution of a problem on bending oscillation of a rod

In article considered the problem of curved rod fluctuation with Jungs®™s module. Shown the civility of
the problem formulation. For solution used integro — interpolation method. Constructed implicit differential
scheme, which realized by five — point sweep method. Conducted numerical calculations showed coincidence
of theoretical calculation values of solution. Calculations conducted on the system of computer algebra
Wolfram Mathematica. Results of calculations are given for two cases of fixing ends of the rod: both ends
are fixed and one end is fixed other is free.
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Let us consider a rod with length [ with rectilinear axis of variable, but not swirling cross-section, executing
bending oscillations in plane Oxyz (Ox axis is directed along rod axis and passes through centers of gravity of
cross-sections; Oy and Oz are main axes, so [, yzdF = [, ydF = [, zdF = 0). Let us suppose that cross at
deformation stay flat and perpendicular to deformed axes of the rod, while normal stresses on areas parallel to
the axle are small to negligible. Essential of tensor components of stress and deformation are o1 and e17. Axle
elongation is neglected. Potential energy of deformation and kinetic energy relate to rod bend as follows:

/EJ(W) / (2 e,

where J = | r 22dF — is a moment of inertial of cross section relative to Oy. Bending rod oscillations are
described by equations [1, 2|:
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i.e. left end is fixed, right end is free. £ = E(z) is Youngs®™s module, p is density, and | 8H“ is rod length.
Let D=0, l], Dr = D x [0, T], 0 <t < T. Generalized solution of problem (1)—(4) let we name function
2,2 . . . _
w € W5°(Dr), for which an integral identity is made:
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(w,v)p = [pu(z,t)v(x,t)dz, a(z) = E(z), with any function ®(z,t) € W32(Drp). Tt is easy to see that if

q(x,t) € Ly(0,T; La(D)), uo(x) € W3, ui(z) € La(D), , then problem (1)—(4) has only generalized solution,
following [3]. To solve (1)—(4) using integro — interpolation method [4] construct implicit conservative scheme:

wy ={tp,=n7,n=0,1,2... M, M = [T/7]};

wp ={x;=1th,1=0,1,2.... N, h =1/N};
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Let us add approximation of initial and boundary conditions
0_ 0
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ug =0, —uy — 4ul + dufy = 0,uy — 2uy_ +uR_o =0;
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Scheme (6)—(8) has an error O(72 + h?). Following (4), let us bring scheme (6) to canonical form

Bu; + 7 Rug, + Au = ¢, (9)
where B = 0, R = E/72, then from (9), following [4] we establish that scheme (6)—(8) is stable on the right
part and initial data; using different analogs of embedding theorems [5], it is easy to see that if z = U — W-
error between U — difference solution of problem (6)—(8) and solution W — of differential problem (1)—(4) then
there is a convergence, namely

l2llwz 20,y < C(7* +h2). (10)

To solve difference scheme (6)—(8) pentadiagonal sweep method [6]. To this end in (6) let us transfer elements
on layer n + 1 to the first part, then we get the following system

a;iYi—2 — biyi1 + iy — diYi1 + €Yir2 = fi, =2, ..., N—=2. (11)

We will solve it using pentadiagonal sweep method algorithm. Here we attach graphs of bend behavior on
different time steps, which demonstrate quality conformity with practical results.
The values of steps in the construction of the graphs given above are as follows

T =h = 0.001.

Cepust «Maremarnkas. Ne 2(86)/2017 33



M. Bukenov, A. Ibrayev et al.

In Figure 1 is a graph of the flexural oscillations of the rod, one end of which is fixed, and the second is free
for various time steps. Constant coefficients and functions in equation (1) were taken as follows

p=10,J=1.0; F =10, a(z) = 1.0; q(z, t) = 6(x — vot); vo = 20.0,

where § — delta-function; vy — speed of acting force F' .
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Figure 1. Graph of flexural oscillations of the rod, one end of which is fixed and the second is free

In Figure 2 is a graph of the flexural oscillations of the rod, both ends of which are fixed, for different time
steps. Constant coefficients and functions in equation (1) were taken as follows:

p = 7800.0, J = 400.0; F' = 1.0, a(z) = 10000.0; g(z, t) = 6(x — vot); vo = 20.0.
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Figure 2. The graph of the flexural oscillations of the rod, both ends of which are fixed

Checked comparison with the test solution. The results showed qualitative coincidence of the numerical
solution with the test solution on different grids. Conclusion: the proposed algorithm showed its practical
effectiveness for the numerical solution of the original problem.
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M. Bykenos, A. Ubpaes, /. 2Kycynosa, /I. Asumosa

ChpIMHBIH, NiJIMeJI TepbeJiic ecebiHiH CaHABIK, MIeImiMi

Maxkanaga FOHr Momysti aifHbIMAJIBI GOJIATHIH CBIMHBIH, UiJIMeIi TepbesticTepl TypaJsbl ecenl KapacThIPBLIIHL.
Ecentin KucbIHABLIBIFGL Jpitesaen . Ecenti menryie mHTErpaIblK-UHTEPIOJISIUSIIBIK, 9IC KOJITAHBLIFaH.
AWKBIHIAIMAraH albIPBIMIBIK CXeMa KYPACTBIPBLILIIL, GeCHYK T KyaJsiay d/iciMen mentiiaren. 2K ypriziiaren
ecernTeyyiep HOTHKEJIEP/IiH, TEOPUSIIbIK, MoHAepiMeH OeTTeceTini kepcerinai. Bapawbik ecenreyiep Wolfram
Mathematica kommbroTepJtik aarebpa xKyiiecinme xiprisiimi. Ecenreynepin HoTHKeIEP] CHBIMHBIH €Ki YIITbI-
Ha ekl Typui opicien GekiTinren (exi ymbl karan GexiTiaren »xoue 6ip yuIbl KataH GekiTiireH, as exiHmrici
— 60c) Karzaibl YIIH KeJITipiareH.

Kiam cesdep: altbIpbIMIIBI CXeMa, OECHYKTEI KyaJiay 97ici, CBIMHBIH Tepbesicrepi, FOHr Moy, mHTErpas-
JIBIK-MHTEPIIOJIATUSIIBIK, DIIC.

M. Bykenos, A. Ubpaes, /1. 2Kycynosa, /1. Asumosa

YHucsienHoe perreHne 3aa9m 00 M3ruOHOM KOJIEOAHWU CTEP>KHS

B cratbe paccmoTpena 3amgavua M3rHOHBIX KOJebGaHUil cTep:KHsT ¢ mepeMeHHbIM MomyiteM FOwnra. ITokaza-
Ha KOPPEKTHOCTH MMOCTAHOBKY 3aJa4u. st permenus 3a1a4u UCIOIb30BAJICS WHTEIPO-UHTEPIOJISATIMOHHBII
mero. I[locrpoeHna HesiBHAsI pa3HOCTHAsI CXeMa, KOTOPas Peajn30BaHa METOJOM IISITUTOYEYHON [IPONOHKH.
IIpoBenenuble unc/ieHHBIE pACUYeThl MOKA3aIU KaYeCTBEHHOE COBIAJIEHNE TEOPETUUECKUX PACUYETHBIX 3HA-
qeHmit pereHusi. BpIanucienns: BBIMOIHSINCh B CHCTEME KOMIbIoTepHO#t anredbpsr Wolfram Mathematica.
Pesynbrarsl BolunciieHuit NpUBEIEHDbL sl JIBYX CJIy4YaeB 3aKpeIUIeHUsl KOHI[OB CTEDPXKHs: JIBA KOHIA 3a-
KPEILIeHbI KECTKO U OJIUH KOHEIl — 33JIeJIKa, a BTOPOl — CBOOOHBII.

Kmouesvie caosea: pasHOCTHAS CXeMa, METO/] IIITUTOYEYHON IIPOrOHKH, KOJIebaHUsI CTepKHs, Moy b FOHra,
HHTETPO-UHTEPIOJIANNOHHBIN METO,.
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