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Numerical solution of a problem on bending oscillation of a ro

In article considered the problem of curved rod fluctuation with Junge®™'s module. Shown th
the problem formulation. For solution used integro — interpolation method. Constructed implici
scheme, which realized by five — point sweep method. Conducted numerical calculations showe
of theoretical calculation values of solution. Calculations conducted on the system of comput lgebra
Wolfram Mathematica. Results of calculations are given for two cases of fixing ends of th
are fixed and one end is fixed other is free.

Keywords: difference scheme, pentadiagonal sweep method, oscillations of a rod#Youngs s module,

integro-interpolation method.

Let us consider a rod with length [ with rectilinear axis of variable, but cross-section, executing
bending oscillations in plane Oxyz (Ox axis is directed along rod axis and pasges through centers of gravity of
cross-sections; Oy and Oz are main axes, SO f pYzdF = f 7 de dF = 0). Let us suppose that cross at
deformation stay flat and perpendicular to deformed axes of the rod,\wihile normal stresses on areas parallel to
the axle are small to negligible. Essential of tensor components,o and deformation are 017 and £11. Axle
elongation is neglected. Potential energy of deformation and rgy relate to rod bend as follows:

ow
oF < 615) dx,

. ss seetion relative to Oy. Bending rod oscillations are

where J = [, 2°dF — is a moment of ine t
described by equations [1, 2|:

(B@58 ) = ate) (1)

initial conditions

boundary conditions:

0
W|z=0 = 0; %h:o =0; (3)
0 O*w 0w
iz (9528 ) emt =0 B =0 @

1l , right end is free. F = F(z) is Youngs®™s module, p is density, and I 8B is rod length.
D =10, 1], Dr =D x [0, T], 0 <t < T. Generalized solution of problem (1)—(4) let we name function
5>(Dr), for which an integral identity is made:

T
o [(G50) e plun(a) 8ue.0)p -+ plun(a). (. 0) o+
0

T
4+ p/ (310 6@) dt + p(ur(z); @¢(z,0))p + p(uo(x), ®(x,0)) p+
) D
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r ?w 9°® i
w
+ / (“ 922 ﬁ) / ®)pdt, )
0 0
(u,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(z,t) € L2(0,T; La(D)), uo(z) € 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 s¢heme:

Wr = {tn =NnT, n = 03172"'5M7 M= [T/T]}7

wh = {x; =ih, i=0,1,2...,N, h=1/N};

n+1 n n—1 n+1l _  n+l n+l _  n+l
U =2ty 5[ g, iz “ Y1 g, Hidr U
Pi 2 + az+2T - az+1T
n+1 n+1
i1 — U9

—Gi—1

i ):q?,i:Q,...,N—Z n

Let us add approximation of initial and boundary conditions

ug =0, —uy — 4uy + dug =0, 1 FuN_g =05

aN_lu’]i, ((LN o+ 2an_1 ’U,N 1 2an_2 UN 9 —aN_ Q’I,LN 3 =20; (8)
l
n n n n n
i+2 z—i—l i Uiy Ui — Uj_o
Ay = S <ai+2 & ~|— 3&1T — ai_lT .

Scheme (6)—(8) has an er . Following (4), let us bring scheme (6) to canonical form

Bu; + 7 Rug, + Au = ¢, (9)

from (9), following [4] we establish that scheme (6)—(8) is stable on the right

part and 1n1t1a1 erent analogs of embedding theorems [5], it is easy to see that if z = U — W-

error between
there is a c
Izllwz 2D, < C(r% +12). (10)
olve difference scheme (6)—(8) pentadiagonal sweep method [6]. To this end in (6) let us transfer elements
o er n + 1 to the first part, then we get the following system
aiYi—2 — biyi—1 + ¢iyi — diYfir1 + €Yivo = 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

7 =h =0.001.
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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 =1.0, a(z) = 1.0; g(z, t) = é(z — 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 eruf

f which are fixed, for different time
follows:

In Figure 2 is a graph of the flexural oscillations of the ro
steps. Constant coefficients and functions in equation (1) wer

(z, t) = §(z — vot); vo = 20.0.

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, JI. Azmmo

Maxkasnaga FOHr Momysti aifHbIMa/IbI 6OJIATHIH CHIMHBIH, ULIMeN Tepbesicre
FEcenTin KuchbIHABLIBIFEL T tesaeni. Ecenri mernny e mHTErpaIBIK-THTEPIIO.
AWKBIHIAIMAFaH alBIPBIMIBIK CXeMa, KYPACTBIPBLIBIIL, 660HYK'J

ecenTeysep HOTHXKeJEP/IiH TeOPUSJIbIK MOHIAEpiMeH OeTTeceTiHi, Ko
Mathematica komnbiorepiiik asnrebpa xyitecine Kiprisia.
Ha ekl Typui oicren Gekirtinren (exi ymbl kaTan GexiTiarexn
— 60c) Karmaibl YIIH KeJITipiareH.

Cell KapaCThIPBLIIJIBL.
SIIBIK, 9JTIC KOJIIAHBLJITAH.
mrerminred. 2Kyprizinren
i. Bapibik ecenreynep Wolfram
HOTUKeJIePl CBIMHBIH €Ki YIIbI-
YIIbI KaTaH OeKiTijreH, aj eKiHirici

Kiam ce3dep: allbIpbIMIBI CXeMa, BECHYKTE KyaJl HbIH Tepbesticrepi, FOur Moy, nnrerpad-

JIBIK-MHTEPIIOJIATUSIIBIK, 9IC.

M. Bykenos, J1. ?Kycymosa, /1. Azumosa
YucaeHnHoe perieHn Ja4u 00 M3rmOHOM KOJIEOAHUN CTEPKHS
B crarbe paccmorpena a OHBIX KOJIEOaHUIT cTepKHsT ¢ mepeMeHHbIM MomyiteM Ownra. ITokaza-
Ha KOPPEKTHOCTH ITOCTAHOB u. Jlyis pelrrenus 3a/1a9u UCIIOJIB30BAJICA WHTETPO-UHTEPIIOIATTAOHHBINA

IIpoBenenube 1
YEeHUU peIIeHud.

eThbl IIOKA3aJI KavdeCTBEHHOE COBIAJCHNE TEOPETHIECKUX PACUETHBIX 3Ha-
HUSI BBIMOJIHSJINCh B CHCTEME KOMIbIoTepHO#t anredbpsr Wolfram Mathematica.

PIIOIATTMOHHBIN METO/I.
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