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ATIME INTEGRATION METHOD BASED ON THE WEAK FORM
GALERKIN METHOD

XING Xiang-hua, "ZHANG Xiong, LU Ming-wan

(School of Aerospace, Tsinghua University, Beijing 100084, China)

Abstract: An implicit high-order accurate time integration method is presented based on the weak form
Galerkin method. In each time element, approximate solution is constructed by the Lagrangian interpolation
functions. Three formulations, which are two-, four-, six-order of accuracy, are obtained by using linear, quadratic
and cubic Lagrangian interpolation functions. When solving the equations, unknown displacements in the time
elements are eliminated first to make the method more effective. Stability analysis shows that the formulations are
conditionally stable. By using reduced integration, three unconditionally stable formulations are obtained.
Numerical examples are included to illustrate the behavior of these algorithms. The results show that their
precision and efficiency are remarkably higher than those of the Newmark method.
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Table 2(a) Error of the displacement(%)
At =02 At =0.1 At =0.05
Newmark 10.31 2.766 0.7124
GW2 5.168 1.384 0.3563
GW2ucs 10.31 2.766 0.7124
GW3 3.442¢-2 2.283e-3 1.466¢-4
GW3ucs 6.865¢-2 4.563¢-3 2.932¢-4
GW4 9.775¢-5 1.612¢-6 2.583¢-8
GW4ucs 1.952¢-4 3.223e-6 5.168¢-8
2(b) (%)
Table 2(b) Error of the velocity(%)
At =0.2 At =0.1 At =0.05
Newmark 12.87 3.192 0.7832
GW2 6.553 1.605 0.3922
GW2ucs 12.87 3.192 0.7832
GW3 4.716e-2 2.830e-3 1.723¢-4
GW3ucs 8.903¢-2 5.323¢-3 3.232¢-4
GW4 1.276e-4 1.884¢-6 2.849¢-8
GW4ucs 2.532¢-4 3.761¢-6 5.697e-8
2 Newmark GW2ucs
GW3 GW4
3 0.6
3 GW4ucs 0.38%
Newmark 0.021
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Table 3  Error of the displacement after 6 second

/ /%
Newmark 0.021 0.39
GW3ucs 0.23 0.38
GW4ucs 0.6 0.38
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Table 4 Error of the displacement(%)
At =0.21 At =0.1m At =0.05m
Newmark 7.359 1.859 0.4628
GW2 3.857 0.9597 0.2383
GW3 2.410e-2 1.494¢-3 9.260e-5
GW3ucs 4.921e-2 3.060e-3 1.898e-4
GW4 1.870e-4 9.819¢-6 5.932e-7
GW4ucs 2.305¢e-4 1.019e-5 5.973e-7

—_

s
0.01 9/

w
g 1E-4 9/ M
4 —*+—Newmark
9 4.01 o —A— GW2
—o—
1E-6 . et
IA.IO —B— GW4ucs
1E-8 T T Ll €4
0.05 0.10.150.2
Logio(A7)

3

Fig.3 Convergence rate
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Table 5 Parameter of the simple-supported beam
(international unit)
/ E P
10 2.0ell 5000 1/24 0.5 1000
1
6
6
Table 6 Error and CPU time when calculating deflection at
the middle span of the beam
A s Newmark GW3ucs GW4ucs
/s /% /s /% /s /%
0.004 0.52 133 1.09 3.96 1.44 1.73
0.001 1.90 27.5 4.14 1.83 5.01 0.277
0.0001 18.4 1.79 40.6 0.0654 47.6 0.01102
6 1.8%
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