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Abstract

The general form of higher order nonlinear partial differential equation of beam vibration was
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given, and the solution method based on L-stable scheme was studied. Firstly, the triangular in-
terpolation basis function was selected to discretize the space based on the interpolation theorem,
and the problem of solving partial differential equations with initial boundary conditions was
transformed into solving differential-algebraic equation. Then the L-stable solution scheme was
constructed in the time interval. The forced vibration equation of a simply supported beam with-
out axial motion subject to external excitation was taken as an example; the displacement trajec-
tory, boundary conditions and system energy of the beam were studied, and compared with
Runge-Kutta method and differential quadrature method. The results show that the L-stable me-
thod can satisfy the boundary conditions in large step size, the displacement trajectory is consis-
tent with the model equation, and it has good performance in calculation accuracy and stability.
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Figure 1. Time history diagram of beam midpoint displacement
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Figure 2. Time history diagrams of constraint function and velocity
level constraint and acceleration level constraint error
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Table 1. Comparison of indexes-1, -2, -3 solutions to differential algebraic equations with L-stable method
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indexes-3 8.8151 1.9895e-13 3.7499e-10 3.8128e-07
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Table 3. Comparison of results of L-stable method with different time steps
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Figure 3. Time history diagram of beam midpoint displacement of L-stable
method, RK4 method and DQ method (h = 0.1)
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Figure 4. Comparison time history diagrams of beam midpoint displacement
of L-stable method, RK4 method and DQ method (T = 1000 s)
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Figure 5. L-stable method constraint time history diagram (T = 1000 s)
[ 5. L-i2E 7 AL RATIE A FZE(T = 1000 s)

4.4, L-RREFRES RKA EEEEE ST
LRI, 45 € — YIRS
#(x,0)= O,%’(x,o) =0.01x(1-x)

6 AT HME] 30 s, AT LI 7 MUILL T R A, IR h = 0.01, LA %5 RK4 ik
HEREEX LA, WTUEN, LRkt R R — DNBUNOVERIN, T RK4 VAR RE R RE I 8] 4E
KIZEHTHE R, R 2 R,

0.05

L-stable method
RK4 method

-0.05

total energy/N.m
S

o

o

[&;]
T

02F \.

-0.25 1 1 1 L L 1
0 5 10 15 20 25 30

t/s

Figure 6. Comparison diagrams of total energy between L-stable method
and RK4 method
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