2ASHS S 1998UE TS 2UIS|=27, pp. 340~346.

D055 AYge A8
234 A3 54 293 AM

[ 2 = 3 A~ 4
FAT AT, A

Dynamic model updating of the laminated composite plate
Using natural frequencies measured from modal test

Danbi Hong, Jung-kyu Ryou, Sungho Park, and Seung Jo Kim

ABSTRACT

In order to improve the prediction of dynamic behavior in structures, several lower vibration modes from
FFT analysis through experiments are used to update the mechanical properties followed by the updated
frequencies from numerical analysis. Performance index consists of the sum of error norms between the
chosen frequencies and corresponding frequencies from numerical analysis. As an updating process of the
natural frequencies, the optimization algorithm based on conjugate gradient method is adopted. The
gradient of performance index is calculated using the sensitivity of selected eigenvalues with respect to
each design parameter. The mechanical properties of lamina, E,, E,, vy, and G,,, are design parameters
for the updating process. The proposed method is applied to predict the dynamic behavior of composite
laminated plates of [0]s; and [ +45],5 separately or interchangeably. Also, the mixed case for [0]sr and
[ 45, is examined to check the possibility for the improved prediction generally. The good agreement
is obtained between the measured frequencies and the numerical ones. Based on the results for all the
cases studied, the proposed approach has a clear potential in characterizing the mechanical properties of
composite lamina.
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Fig.1 The plane figure of Specimen made of [0]4; Fig.2 The plane figure of Specimen made of [45],5

Fig.3 Experimental Setup

Table1 The baseline set of mechanical properties for Carbon/Epoxy

Density Thickness

1500 kg/m’ 0.150 mm

Table 2 Update of design parameters for [0],, (CASE 1)

X, X, X, X,
Baseline 1.0000 1.0000 1.0000 1.0000
Updated 0.7135 1.1067 0.9973 1.0750
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Table3 Update of frequencies and errors for [ 0], using data from CASE 1

Mode O HD | wgs H2) Error(%) | @uexe HD)  Error(%)

1 66 78.03 18.23 66.00 0.01

2 106 112.31 5.95 105.80 -0.19

3 344 332.28 -3.41 343.35 -0.19

4 415 486.44 17.94 414.76 -0.06

[T CAA 487 | 53201 924 | Tae876 375
Table 4 Update of design parameters for [+ 45 ], (CASE 2)
X, X, X, X,

Baseline 1.0000 1.0000 1.0000 1.0000
Updated 0.8626 0.9178 0.8986 0.8523

Table 5 Update of frequencies and errors for [+ 45 ]zs using data from CASE 2

Mode @5y (HZ) 0, (H2) Error(%) Ouoare (HZ)  Error(%)
1 34 36.60 8.24 34.20 0.58
2nd 182 196.56 8.00 183.05 0.58
3 204 220.38 8.03 204.48 0.24
4t 565 596.20 5.52 553.94 -1.96
T CL I 581 | 606.80 444 | 56478 279 ]

Table 6 Update of frequencies and errors for [+ 45 ], using data from CASE 1

Mode e H2D) | oh H2D)  Eron%) | ©uoae T2 Error(%)
™ 34 36.60 8.24 33.99 -0.02
2nd 182 196.56 8.00 170.82 -6.14
3 204 220.38 8.03 205.22 0.60
4t 565 596.20 5.52 529.83 -6.22
5t 581 606.80 4.44 549 .45 -5.43
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Table 7 Update of frequencies and errors for {0 ], using data from CASE 2
Mode wExp (HZ) a)BASE (HZ) Error(%) @\ jppATE (HZ) Error (%)
* 66 78.03 18.23 72.47 9.80
2m 106 112.31 5.95 104.02 -3.69
3 344 332.28 -3.41 315.58 -8.26
4t 415 489.44 17.94 454.51 7.70
5th 487 532.01 9.24 495.42 1.52

Table 8 Update of design parameters in CASE 4
X, X, X, X,
Baseline 1.0000 1.0000 1.0000 1.0000
Updated 0.7667 1.1301 0.9824 1.0539
Table 9 Update of frequencies and errors for [ 0], in CASE 4
Mode wee (H2) Wgrse (H2) Error(%) O ppare (H2) Error(%)
I 66 78.03 18.23 68.41 3.66
2n 106 112.31 5.95 106.90 0.85
3x 344 332.28 -3.41 346.44 0.71
4 415 489.44 17.94 429.65 3.53
5t 487 532.01 9.24 482.28 -0.97

Table 10 Update of frequencies and errors for [+ 45],; in CASE 4

Mode Oy (H2) Ogase (H2) Error(%) O gopare (HD Error(%)
1* 34 36.80 8.24 34.32 0.97
2nd 182 196.56 8.00 175.17 -3.75
3¢ 204 220.38 8.03 205.57 0.76
4 565 596.20 5.52 541.47 -4.16
5t 581 606.80 4.44 554.18 -4.62
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