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Construction of the reduced system by two-level scheme and time integration in the

reduced system under arbitrary loading
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Abstract

This study proposes a new two-level condensation scheme for the construction of a reduced system. In
the first step, the candidate area is selected for the construction of the reduced system by energy estimation in
element-level. In the second step, primary degrees of freedom are selected by sequential elimination from the
candidate degrees of freedom linked to the selected elements. Numerical examples demonstrate that the
proposed method saves the computational cost effectively and provides a reduced system which predicts the
eigenvalues accurately. Moreover, the well-constructed reduced system can present the reliable behavior of
the structure under arbitrary dynamic loads comparing to that of global system. Time integration in a reduced
system can save the computing time remarkably. Through a few numerical examples, the efficiency and

reliability of the proposed scheme are verified.
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(b) First condensation step

(c) Second condensation step

Fig.2 Configuration of two-level condensation scheme
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Ratio calculation
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Fig.3 Sequential elimination algorithm in the 2" step of
the proposed scheme
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Fig.5 Selection results of the primary degrees of freedom
by the proposed scheme
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Table 1 Eigenvalue comparison between reduced system
and global system in conical structure

er\l()de Reduced Global Error(%)

0. system system
1 11.680 11.680 0.000
2 15.043 15.043 0.000
3 21.475 21.474 0.004
4 23.695 23.695 0.000
5 24.886 24.886 0.000
6 28.522 28.522 0.000
7 35.324 35.323 0.003
8 37.214 37.214 0.000
9 41.687 41.687 0.000
10 54.854 54.886 0.020
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Fig.6 Configuration and analysis condition of shaft
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Fig.7 Selection result of primary degrees of freedom by
two-level scheme in shaft
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Fig.8 Error estimation of reduced system by two-level
scheme in shaft
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Fig.9 Configuration of plate model and dynamic loading
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(b) Primary degrees of freedom
in second condensation step

Fig.10 Selection result of primary degrees of freedom

by two-level scheme in plate
Node No.:145(Center of Plate) Node No.:179

(a) Area approximation in first
condensation step
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Fig.11 Selection of the primary DOFs and the artificial
DOFs for loading frequency
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Fig.12 Time response comparison of 15DOFs, 40DOFs,
60DOFs and 90 DOFs reduced system and global
system in 157.1Hz loading frequency
(position number: 149 and 179)
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Table 2 Exact Ritz vector and selection estimation of
primary DOFs in 157.1Hz loading case

Mode | Frequency(Hz) Mode | Frequency(Hz)
76 86.37 86 153.29
77 90.08 87 156.12
78 97.10 88 162.83
79 97.52 89 171.93
80 100.14 90 187.08
81 108.60 91 207.65
82 115.65 92 234.42
83 119.23 93 264.00
84 124.41 94 297.57
85 133.70 95 316.91
4.2 ¥
% wy pxed 479y %
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200mm
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T2 T  Time (sec)

Fig.13 configuration of cone structure and loading type
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Fig.14 Selection of the primary DOFs and the artificial
DOFs for loading frequency (T = 0.1s)
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Table 3. Exact Ritz vector and selection estimation of
primary DOFs in 62.8Hz loading case

Mode | Frequency(Hz) | Mode Frequency(Hz)
1 41.42 11 116.38
2 41.42 12 116.38
3 52.49 13 123.55
4 52.49 14 123.55
5 78.55 15 131.69
6 78.55 16 131.68
7 95.33 17 13351
8 95.33 18 133.51
9 112.10 19 139.79
10 112.10 20 139.79
o Asery 10 A FAfEE 93
slon, aEdAE I A awA
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A= Fig.ds ol Foi#

Node Mo.:1% {Force Positon)

Node No.:250
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Fig. 15 Time response comparison of reduced system and
global system in 62.8Hz loading frequency
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