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Structural Dynamic System Reconstruction

(Hyeung-Yun Kim)

Abstract : To determine the natural frequencies and damping ratios of composite laminated plates, we present an efficient modal param-
eter estimation technique by developing residual spectrum based structural system reconstruction. The modal parameters can be esti-
mated from poles and residues of the system transfer functions, derived from the state space system matrices. From vibration tests on
cross-ply and angle-ply composite laminates, the natural frequencies and damping ratios can be estimated using the modal coordinates
of the structural dynamic system reconstructed from the experimental frequency response functions. These results are compared with

those of finite element analysis and single-degree-of-freedom curve fitting.
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Table 1. Mechanical properties of carbon/epoxy prepreg lamina.

Properties Symbol Value
Young’s modulus in fiber direction E, 114.7x10°Pa
Young’s modulus in fiber direction E» 7.58 % 10°Pa
Shear modulus Giz 477X 10°Pa
Poisson ratio 12 0.28
Volume density o ]5]0kg/m3
Damping capacity o1, @2, @12 1.4%, 4.9%, 7.4%
Volume fraction of fiber v 0.6

Mot - Kiset - AElsst =2A K 8 & Kl 4 & 2002 4

FTR Analyzer
HP-3566A

Signal Conditioner
Kaman-KD2300

| Gap sensor

-

Signéréonditioner‘
Dytran 5800SL

<
4
7
!
! Steel Base
g L AEAE A
Fig. 1. A schematic drawing of the vibration test set-up.
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Fig. 2. A comparison of FRFs of the [0/90]s laminate for differ-
ent methods.
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Fig. 3. Eigenresolution for natural frequencies and damping ra-
tios of the [0/90]s laminate for differing the system or-
ders(q=200).

_"Ao \":SH =,

4 : 100 g-steps.
x : 300 g-steps

& : 50 g-steps
e : 200 q-steps

Damping (%)

0 50 100 150 200 250 300
Frequency (Hz)
29 4 qebA-el % Aol ole [090]s HEel agAE
F oy g AR
Fig. 4. Eigenresolution for natural frequencies and damping ra-
tios of the [0/90]s laminate for g-step prediction orders
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Table 2. Estimated natural frequencies and damping ratios of the
composite laminates in the comparison with the results of
other modal-parameter estimation methods(n,=20).

| Layups | Present | FEM |  SDOF
[ [0/45/-45/90]2s
* mode 55.47Hz 58.39Hz 55.69Hz
0.47% 0.13% 0.17%
2" mode 107.3Hz 111.4Hz 107.2Hz
0.32% 0.19% 0.15%
[0/90/0/90]s
1* mode 28.39Hz 29.55Hz 28.75Hz
0.10% 0.12% 0.11%
2" mode 42.74Hz 41.52Hz 43.69Hz
0.80% 0.34% 0.28%
[45/-45/45/-45]s
* mode 18.29Hz 17.92Hz 18.50Hz
0.45% 0.25% 0.34%
2™ mode 64.65Hz 63.51Hz 65.88Hz
0.25% 0.15% 0.14%
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