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Study on the Dynamic Analysis Based on the Reduced System
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Abstract

In this study, the reduced system for the dynamic analysis is proposed and the selection criterion of the primary degrees of
freedom is presented considering the relation between natural frequency and external loading frequency. A well-constructed reduced
system can assure the accurate representation of the dynamic behavior under arbitrary dynamic loads. For selecting the primary
degrees of freedom of the reduced system, we employ the robust two-level condensation scheme of which the reliability has been
proven through previous study. In the numerical examples, the reliability of the dynamic analysis based on the reduced system is
demonstrated through comparing with those of global system.

Keywords : reduced system, two-level condensation scheme(tlcs), sequential elimination method(sem), ritz
vector
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2.2.1 Wing Structure
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Fig. 2 Comparison of PDOFs selected by other reduction
schemes in wing structure
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Fig. 3 Error comparison of the eigenvalue analysis by
various schemes in the wing structure
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2.2.2 High -fidelity Hybrid Stage : stone base

Fig. 4+ 2734 slo|He]= AHo|x]e] MAnko 2 gantry,
stone-base, damper-spring®2 FAE ] glom 7+ 94
9] E4X& Table 19 Fo14 it}

Sard P55 9 A B GACA o 10%9] 24E
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stone base
.

..

.

damper-spring 2

300 mm

damper-spring3

() Configuration 1 of stone-base (b) Configuration 2 of stone-base

Fig. 4 Configuration of the stone base in the hybrid
stage

Table 1 Material property of stone base in the hybrid

(a) Candidate area of stone base

(b) Primary DOF of stone base

Fig. b Candidate area and primary DOF by two level
condensation scheme in the hybrid stage

Table 2 Eigenvalue analysis of the high-fidelity stage

Mode Global system | Reduced system
No. -Ansys— (2.7% system) Error(%)
(Hz) (Hz)

1 2.0939 2.0939 0.00
2 2.1387 2.1481 0.44
3 2.5549 2.5549 0.00
4 3.1001 3.1003 0.01
5 3.1757 3.1759 0.01
6 3.6057 3.6061 0.01
7 154.70 154.72 0.01
8 22457 224.60 0.01
9 248.00 248 .03 0.01
10 263.36 263.38 0.01
11 361.03 361.10 0.02
12 381.78 381.96 0.05
13 440.90 441.02 0.03
14 570.91 571.24 0.06
15 614.97 615.24 0.04

stage
Density Poisson Young's
(kg/m®) ratio Modulus(GPa)
stone
(base+gantry) 2,600 0.23 40
COIL 6,070 0.33 71.7
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Fig. 68 Dynamic system of one-dimensional problem under
arbitrary loading frequency
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Structure Modeling :

&

Ritz vector calculation
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t of Case 1 or Case 2

. l ,,,,, # Candidate area(10% elements)
i Condensation Processing | Y @ Selection of Primary DOF
# Reduced system assures about

i 30% eigenvalues
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Recovery of the secondary DOF

by transformation relation
between PDOF and SDOF

Displacement value of PDOF

Fig. 7 Analysis algorithm for the construction of the
reduced system under dynamic loading
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Fig. 8 Configuration of the wing plate, the loading
type and the positions of the loading

Table 3 Loading frequency of case 1 and case 2

Loading Frequency (Hz)
Case 1 6.28
Case 2 628

(a) Candidate area in the
first condensation step

(b) Primary Degrees of
freedom in the second
condensation step

Fig. 9 Selection of the PDOFs by the two-level condensation
scheme in wing plate

Table 4 Approximated natural frequencies by the Ritz
vectors in the wing plate

Mode No. Hz Mode No. Hz
1 13.0 6 268.1
2 68.1 7 271.3
3 98.1 8 622.3
4 167.0 9 630.5
5 246.4 10 633.0

Table b Comparison of error value at the maximum peak
point between RS and ROM

ROM 30 ROM 40 RS 30 RS 40

(%) (%) (%) (%)

Disp. 1 0.065 0.045 0.046 0.011

Disp. 2 0.027 0.031 0.037 0.024

Disp. 3 0.058 0.093 0.071 0.011

Disp. 4 0.029 0.041 0.092 0.005
4.1.1 Case 1
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Fig. 10 Displacement at the four positions of the wing plate under lower loading frequency

Wing Plate

Table 6 Comparison of error value at the maximum
peak point between RS and ROM

20 4

Freq. Ratie
3

ROM 30 | ROM 40 RS 30 RS 40

(%) (%) (%) (%)

Disp. 1 2.64 4.27 0.48 0.43
Disp. 2 0.84 1.25 0.72 0.27
Disp. 3 2.62 2.54 0.23 0.13
Disp. 4 2.53 2.21 0.21 0.26

-40 4

60

-80

10 z0 30 40
Mode Number

Fig. 11 Estimation the ratio between the loading
frequency and the natural frequencies in the wing plate
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Fig. 14 Selection of the PDOFs by the two-level
condensation scheme in the plate

Table 7 Approximated natural frequencies by the Ritz
vectors in the simply supported plate

Mode No. Hz Mode No. Hz
1 61.2 6 531.1
2 312.2 7 665.8
3 352.4 8 690.2
4 348.8 9 717.4
5 386.5 10 823.3

Table 8 Loading frequency of case 1 and case 2

Loading Frequency (Zz)

Case 1

6.28

Case 2
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Table 9 Comparison of error value at the maximum
peak point between RS and ROM

RS 60(%) ROM 60(%

Disp. 1 1.53 35.38

Disp. 2 1.19 22.91

Disp. 3 9.56 30.14

Disp. 4 4.31 29.13
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Table 10 Loading frequency of case 1 and case 2
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Table 11 Comparison of error value at the maximum
peak point between RS and ROM

ROM 20 ROM 30 RS 20 RS 30

(%) (%) (%) (%)

Disp. 1 21.58 19.15 7.35 4.21
Disp. 2 41.32 31.68 3.51 0.39
Disp. 3 21.48 13.14 3.91 3.20
Disp. 4 42.39 34.47 4.66 2.32
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and natural frequencies in the cone structure

Table 12 Comparison of error value at the maximum
peak point between RS and ROM

ROM 40 ROM 50 RS 40 RS 50

(%) (%) (%) (%)

Disp. 1 25.59 29.38 3.41 2.25

Disp. 2 52.08 42.26 8.60 8.45

Disp. 3 24.96 26.31 2.06 0.26

Disp. 4 51.84 47.94 18.95 17.24
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