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Abstract

In this paper, we consider the construction of stable difference schemes for the transverse vibra-
tion equations for simply supported beam: Based on Taylor expansion, three-level difference ex-
plicit and implicit schemes are developed for fourth order problem, and the order of local trunca-

tion error for these two schemes is proven to be O(r2 +h2). An artificial boundary condition is

introduced in order to discrete the boundary condition that the perturbation vanishes at two ends
of the simply supported beam. Owing to the discrete Fourier analysis, the explicit scheme is prov-
2,2
at” 1

< —, and the implicit scheme is proven to be absolute-
h 8

en to be stable when the grid ratio r =

ly stable. Numerical experiments confirm the theoretical results.
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Figure 1. Numerical solution obtained by the explicit scheme with different grid ratio, left: »=0.1024 , right: »=1.6384

E 1. EREREARML T EHMBELT: Z£-=0.1024, G r=1.6384

Table 1. Experiment convergence rate for the discrete maximum norm and 7* -norm
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4/320 1/640 4.830e—5 6.116e—4 1.999
4/640 1/1280 1.207e-5 2.161e—4 2.001
4/1280 4/2560 3.019¢e-6 7.638e—5 1.999
~
5. &g

BRI R SRR B 7 12, 25T Taylor FETT, Mi&E 1 SRR DUR M5 R i = )2 22 70 A% U e s 5
EATTH SR AR AT R 22 0 I AL AN A RO RS B o Dy 17 B IR SO o DAL B 9 X — 3 AT 5

N T NTLAF%AT, RAEE B Fourier /- HTiE ] 1 A% Sk AFA8 €, MRk N4 F85E .«
E&mE

KT E R B2 3 4 (CSTC, cstc2018jcyjAX0490), B XK T HZH R B ¥ E L E AT H

(KJZD-K201900701).

DOI: 10.12677/aam.2020.91006 48 IR Esid


https://doi.org/10.12677/aam.2020.91006

EHIE, AL

SE K

(1]
(2]

(6]

(7]
(8]

. BOFP IR O T REIM]. RS G SOE R Rk, 2004,

Du, S.H,, Lin, R.C. and Zhang, Z.M. (2016) A Posteriori Error Analysis of Multipoint Flux Mixed Finite Element Me-
thods for Interface Problems. Advances in Computational Mathematics, 42, 921-945.
https://doi.org/10.1007/310444-015-9447-7

Du, S.H., Sun, S.Y. and Xie, X.P. (2016) Residual-Based a Posteriori Error Estimation for Multipoint Flux Mixed Fi-
nite Element Methods. Numerische Mathematik, 134, 197-222. https://doi.org/10.1007/s00211-015-0770-1

Du, S.H. and Zhang, Z.M. (2015) A Robust Residual-Type a Posteriori Error Estimator for Convection-Diffusion Equ-
ations. Journal of Scientific Computing, 65, 138-170. https://doi.org/10.1007/s10915-014-9972-4

Du, S.H. and Xie, X.P. (2015) Convergence of Adaptive Mixed Finite Element Methods for Convection-Diffusion-Reaction
Equations. Science China Mathematics, 58, 1327-1348. https://doi.org/10.1007/s11425-015-4992-6

Evans, D.J. and Alxiullah, A.R.B. (1983) Group Explicit Method for Parabolic Equations. International Journal of
Computer Mathematics, 14, 73-105. https://doi.org/10.1080/00207168308803377

A, PURY R T FE M — A Xk BT Z 045 30[0]. BHEEIR S TR, 2008, 8(23): 6187-6190.

KURER], sk, VRIS, Dl DU I U RE R A IR ZE 2 AT ], MROREE SR, 2005, 43(6):
725-731.

. WU R — A B TR, WA KSR (E AR BHEAR), 2007, 42(8): 79-82.

FRUERH, X%, DU a5 AR — A KA AT A U R PR AT (3], LA AR, 2008, 21(3): 485-489.
B, o e 2R AR A 1R ) DU B 5 PR 22 A 2R [T, BV P22 e 243, 2013, 16(Z1): 88-93.
T, 8 SO DR R T R ) =R kG R Ak 2], SRNIIE 2B 24, 2001, 19(6): 3-6.

P U 8 7 R — R AR R s ], SR NI 5 B 544K ,2002, 20(6):1-4.

P VUM R 5 R =R E R ZE A 2 [T]. LRHR KSR (AR B AR), 2004, 25(4): 349-351.
A, BIM, B, ET VYR Wik o 77 R B M S L] THENLSIH, 2015, 35(2): 486-489.

g5 S

I&

DOI: 10.12677/aam.2020.91006 49 IR Esid


https://doi.org/10.12677/aam.2020.91006
https://doi.org/10.1007/s10444-015-9447-7
https://doi.org/10.1007/s00211-015-0770-1
https://doi.org/10.1007/s10915-014-9972-4
https://doi.org/10.1007/s11425-015-4992-6
https://doi.org/10.1080/00207168308803377

	Construction of Stable Difference Schemes for Transverse Vibration Equations of Simply Supported Beam
	Abstract
	Keywords
	简支梁横振动方程的稳定差分格式的构造
	摘  要
	关键词
	1. 引言
	2. 差分格式的构造
	2.1. 三层差分显格式的构造
	2.2. 三层差分隐格式的构造
	2.3. 人工边界

	3. 差分格式的稳定性分析
	3.1. 显格式的稳定性
	3.2. 隐格式的稳定性

	4. 数值实验
	5. 结论
	基金项目
	参考文献

