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Figure 2.5 Configuration of cantilever plate examples with thickness change
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Figure 2.8 Geometric figure and finite element model of car frame
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Figure 2.9 Geometric figure and finite element model of car frame
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Table 2.1 Computer specification

Specification

CPU model

CPU clock

Total number of cores

Memory

Computing capability

Xeon X7550 Hexa core(4EA)

2.00 GHz

32

128 GB (shared memory)

0.26T flops
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Figure 2.10 Calculation time in car frame model
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.. '
O Sensor position = Wgified Knowns
. . 1
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Figure 3.1 Schematic figure of system identification model
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Figure 3.2 Changes in the values of system parameters in system identification with
conventional gradient-based optimization algorithm
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Figure 3.5 Flow char of process that determines candidate region in proposed
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Figure 3.7 Proposed system identification algorithm using genetic algorithm
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Figure 3.10 Configuration of plate model and results of the selection of primary
DOFs in the 1st plate example
(E=210GPa,v=0.33,t =0.5m, p = 7800 kg/m*)
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Table 3.1 Solution accuracy for eigenvalues in the 1st example

Inverse solution

Mode Bsilssi(leir?le Perturbed system
Previous method [26] Proposed method
1 1783.03 1776.08 —0.3914%  1776.08 -0.3914%  1776.08 —0.3914%
2 30343.9 30032.3 -1.0376%  30032.3 -1.0376%  30032.3 —1.0376%
3 68197.6 67438.5 -—-1.1257/% 674385 -1.1257%  67438.5 —1.1257%
4 79730.2 79294.7 —0.5492%  79294.7 —0.5492%  79294.7 —0.5492%
5 318394 314150 —1.3509% 314150 —1.3509% 314150 —1.3509%
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Figure 3.11 Progress steps using the proposed hierarchical clustering method in the
1st plate example
(E=210GPa,v=0.33,t =0.5m, p = 7800 kg/m*)
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Figure 3.12 Comparison of the calculation times in the 1st example
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Table 3.2 Solution accuracy for eigenvalues in the 2nd example

Inverse solution

Mode Bs?/Ss?grrr]le Perturbed system
Previous method [26] Proposed method
1 114778 114.231 —-0.4785% 114.220 —0.4881% 114.231 —0.4785%
2 663.097 645.489 -2.7277% 645479 —2.7293% 645.489 —-2.7277%
3 4253.07 4118.79 -3.2602% 4118.86 —3.2586% 4118.79 -3.2602%
4 6969.01 6497.82 -7.2516% 6497.67 —7.2536% 6497.82 —7.2516%
5 8823.45 8604.15 -2.5487% 8604.27 —2.5473% 8604.15 —2.5487%
6 26849.6 26198.8 —2.4856% 26198.1 —2.4881% 26198.8 —2.4856%
7 35511.1 34383.8 —-3.2771% 34384.2 —-3.2760% 34383.8 —3.2771%
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Figure 3.16 Assumed structural change in the 3rd example
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Figure 3.17 Progress steps using the proposed hierarchical clustering method in the

3rd example
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Figure 3.18 Result of numerical example using proposed method applied with genetic algorithm
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Figure 3.20 Distributions of structural change in 4th example
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Table 3.3 Change of eigenvalues due to structural change

#. Mode Baseline Sys. Perturbed Sys. % Change
1 1092.7 1092.3 0.0329
2 1314.7 1299.4 1.1637
3 1941.7 1941.4 0.0164
4 2289.1 2285.7 0.1454
5 4096 4066.3 0.7246
6 7924.8 7862.9 0.7813
7 8250.6 8191.5 0.7162
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Figure 3.25 Process step of proposed multi test-set method in 1st example
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1st Mode shape (Measurement Err.: 1.0e-02)
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Figure 4.4 1st mode shape in simple bar model with 40 elements
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(b) Bump model

(a) Reference model

(¢c) Hole model (d) Semi—hole model

Figure 4.7 Configuration of experimental model
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(a) Reference model

(d) Semi—hole model
Figure 4.9 Experimental plates
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plate size : 500mmx200mmx15mm
Material : A6061-T6

Density : 2712kg/m” 3,

Yong's modulus : 7.1E+10Pa
Poisson's Ratio:0.33

[Attach sensor]

[Apply load] _ [?btain senso»fponse]

Figure 4.10 Configuration of experimental model and experimental step
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Figure 4.11 Experimental equipment
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Table 4.1 Specification of experimental equipment

Accelerometer

Model
Sensitivity
Measurement Range

Broadband Resolution

Frequency Range

PCM 356A14

(£10%) 100 mV/g (10.2 mV/(m/s3)
+50 g pk (490 m/s2pk)

0.0001 g rms (0.001 m/s2rms)
(£5%) 0.5 to 5000 Hz

Electrical Connector 1/4-28 4-Pin
Impact hammer

Model PCB 086C03
Frequency range 8 kHz
Amplitude range 500 Ib

Head diameter 0.6 inch

Sensitivity
Measurement Range
Hammer Mass

(+15%) 10 mV/Ibf (2.25 mV/N)
500 Ibf pk (2224 N pk)
0.34 b (0.16 kg)

Input module

Model LAN-XI - Type 3050
input channels 4 0or 6

input range 51.2KHz (DC)

sampling rate

131 ksamples/s
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Table 4.2 Numerical result of natural frequencies in plate models

Reference Bump Hole Semi-hole
Model Model Model Model
316.4 336.4 293.3 294.3
471.6 511.2 445.4 446.0
874.8 944.2 837.9 826.2
1010.2 1094.4 9714 970.7
1682.0 1699.0 1612.4 1626.8
1692.7 1731.4 1683.1 1665.7
2057.1 2125.5 1901.0 1884.6
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Figure 4.13 Natural frequency difference compared to reference model
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Table 4.3 System identification results

Model Used data Thickness (mm) SIF
Exact 30.0
Bump Result with recommend node data (2, 3, 4, 6, 7, 10) 30.9 Success
Result with all data (1~10) -5.6 Fail
Exact 0.0
Hole Result with recommend node data (1, 2, 3, 4, 7) -2.9 Success
Result with all data (1~10) 25.9 Fail
Exact 5.0
Sﬁ;g' Result with recommend node data (1, 3, 4, 5, 6, 7, 8) 5.6 Success
Result with all data (1~10) 0.0 Fail
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Table 5.1 Used method and file to load matrix information

Abaqus Ansys Nastran

Used script Input file script APDL DMAP
Mesh data file *.inp file *.cdb or *.dat file *.bdf file
Matrix file *.mtx file * full file *.0p4 file
(file format) (ASCII) (ASCII) (Binary)
Numbering file *.mtx file *.mapping file *.f06 file
(file format) (ASCII) (ASCII) (ASC ii)
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Figure 5.5 Object function value during optimization iteration using genetic
algorithm
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Abstract

System condensation for design optimization and
finite element model updating of large structures

Seongmin Chang
Department of Mechanical and Aerospace Engineering
The Graduate School

Seoul National University

For large-scaled system identifications and design optimizations, in this thesis, a
condensation method suitable for parallel computing and repeated calculation is developed,
and system identification method considering experimental noise is developed, and inverse
problem algorithms customized system identification are devised.

Due to increasing computational technology and needs of detailed and accurate
description of structure, the importance of efficient structure analysis has being increased.
Model sizes of structure analysis are increased from simple components to assembled
overall structures. A simple static analysis as well as dynamic analyses with various
dynamic condition are required. Moreover, the range of numerical analysis is extended
from a simple analysis to practical design optimizations. Thus, even increasing
computational resource, an efficient condensation method is required.

Recently, while increasing CPU clock speed is almost stopped, the number of cores

dramatically increases. Moreover, requirement of practical design optimizations has been
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steadily increasing. Although previous condensation methods have these advantages, few
previous methods have a special process or algorithm for parallel computing and repeated
calculation. Thus, it is necessary to develop a condensation method suitable for parallel
computing and repeated calculation.

To reflect this tendency, in this thesis, the condensation method is modified and
improved to be suitable for parallel computing. In the devised method, previous
condensation methods are investigated, and the calculation processes are divided to
separable processes in each core and inseparable processes. The separable processes are
parallelized, and ineffective and repeated processes are erased through applying reduced
matrixes in the previous calculation. The devised method is applied to system identification
and design optimization.

Moreover, in this thesis, large structural system identifications method are proposed
applying the devised method. For practical system identifications, system identification
method considering experimental noise is constructed, and inverse problem algorithms
customized system identification are devised. Sensor positioning method suitable in
proposed system identification method is also proposed. To verify the proposed positioning
method, dynamic responses were obtained from first-hand experiments, and system
identification are carried out with the measured responses.

Lastly, the Matlab with the proposed methods is combined with commercial programs
(Nastran, Abaqus, and Ansys) to encourage utilization of the proposed methods in various
industry fields. The Matlab is main program and carry out design optimization. During
optimization, required information about geometric and matrix data of model is

automatically loaded from the commercial programs. For the automatic loading process,



many commands to export the wanted information were acquired in each commercial
program, and Matlab functions that generate the commercial program input file were
created. Commercial program is finally carried out with a result calculated from Matlab
optimization function. Thus, this proposed method can use in-house code with various

methods as well as ensure the advantage of the commercial program.

Keywords: Condensation, System identification, Optimization, Parallel computing,

Sensor positioning, Commercial program

Student Number: 2004-20789
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