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Identification Mothod of Vibrational Damping Parameters
for Laminated Composite Materials

Kin'ya MATSUMOTO*®, Kenji HOSOKAWA,
Masaru ZAKO and Hiroshi KOBAYASHI

*> Mie University, Fac. of Education, Kamihama-cho 1515, Tsu, Mie, 514-8507 Japan

An identification method of vibrational damping parameters for laminated composite materials
is presented by using the finite element eigenvalue analysis. A shell element for unsymmetrically
laminated composite materials is formulated with the first-order shear deformation theory. The
vibrational damping model of fiber reinforced plastic plates proposed by Adams et al. is used to
calculate damping ratios for idenification problems. The identification problem of vibrational
damping parameters can be converged as a nonlinear optimization problem. Vibrational damping
parameters of unidirectional laminae are identified by using the quasi-Newton method, so that
damping ratios of laminated composite materials calculated by the finite element eigenvalue analysis
may be agree with those measured by the vibration test. An numerical examples, vibrational
damping parameters of unidirectional laminae are identified and compared with the experimental
results.
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Fig.1 Coordinate system of shell element
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Fig.2 Flow chart of identification analysis
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Table 1 Dimensions of laminated plates

L Vi a h P
Lamination [m] (m] lkeg/m’]
CFRP All0° 0.516  0.17800 0.00158 1566.0
[0/90%0°/90°] | 0.342  0.23450 0.00212  1446.2
GFRP AllO° 0.568  0.18275 0.00164 1971.0
[0/90°/0°/90°] | 0.451  0.22700 0.00205 1813.9

Table 2 Natural frequencies of laminated plates
. Exp. Iden. Error
Lamination Mode [Hz] [Hz] 1%]
Ist 81.5 80.2 -1.60
2nd 107.4 105.8 -1.49
ALLO® 3rd 196.6 198.0 0.71
4th 295.5 294.1 -0.47
5th 382.5 394.0 3.01
6th 531.0 530.1 -0.17
CFRP st | 689 680  -131
2nd 218.9 215.1 -1.74
3rd 251.2 255.4 1.67

O 900 o o

10°/90°/0%/90°] 4th 305.4 300.2 -1.70
5th 3235 327.8 1.33
6th 452.5 459.6 1.57
Ist 78.1 78.8 0.90
2nd 131.2 130.9 -0.23
ALLO° 3rd 211‘.5 207.7 -1.80
4th 246.0 245.5 -0.20
bth 287.1 288.1 0.35
6th 362.6 365.9 0.91
GFRP st | 622 619 048
Z2nd 131.4 130.6 -0.61
[0°/90°/0°/90°] 3rd 159.2 159.3 0.06
4th 180.5 181.9 0.78
5th 200.0 200.3 0.15
6th 326.7 327.3 0.18

Table 3 Identified elastic parameters of laminae, [GPa]

Lamination E, E, Gy

ALLO° 19876 665  3.60

CERP 1 100905/0°090°], | 12419 680  3.82
ALO° 4849 1339 450

CFRP | 1000070°00°), | 3447 1208  3.86
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%72, Adams LIk, F—FM CHESHERORLS
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Table 4 Damping ratios of laminated plat bz 345
anle amping ratios of laminate: plates Mode
Lamination | Mode | 0XP-  ldew. EE;? (b) CFRP, [0°/90°/0°/90°]
0
Ist | 0.00557 0.00506 -9.16 0.007
2nd | 0.00390 0.00373 -4.36 ’
All0° 3rd | 0.00430 0.00455  5.81 0.006
4th | 0.00374 0.00372 -053 0005
5th | 0.00382  0.00406  6.28 5
CFRP Ist | 0.00529 0.00508 -3.97 R 0.004
2nd | 0.00084 0.00084  0.00 ‘. 0003
[0°/90°/0°/90°]s | 3rd | 0.00207 0.00204 —1.45 g
4th | 0.00073 0.00071 -2.74 A 0.002
5th | 0.00135 0.00145  7.41 0.001
1st | 0.00477 0.00487  2.10
2nd | 000382 0.00387 131 0.000
AllO° 3rd | 0.00462 0.00441 —4.55 12 3 4 5
4th | 0.00103 0.00103  0.00 Mode
GFRP 5th | 000223  0.00225  0.90 (c) GFRP, All(°
Ist | 0.00533 000513 -3.75
an 0.00223 0.00229 269 0.007
[0°/90°/0°/90°] | 3rd | 0.00151 0.00145 —3.97 O Experiment
4th | 0.00390 0.00365 -6.41 0.006
5th | 0.00255 0.00280  9.80 S 0,005
5
~
g" 0.004
Table 5 Identified vibrational damping parameters E‘ 0.003
of laminae 8 0.002
Lamination Vi Vr Vir 0.001
AL 0.0043  0.0470  0.0648 0,000
CFRP | [0°/90°/0°/90°1s | 0.0078  0.0321  0.0654 )
(Adams’s) (0.0045) (0.0422) (0.0705) b2 M3 . S
AIL0° 00114 00491  0.0625 O s
GFRP | [0°/90°/0°/90°], | 0.0101  0.0564  0.0664 (d) GFRP, [0990%0°/90°];
(Adams’s) (0.0087)  (0.0505) (0.0691) Fig.3 Damping ratios of laminated plates
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