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FRP laminates modal damping prediction based on 3-D effective damping matrix

GUAN Yongjun, WEI Yintao”
(State Key Laboratory of Automotive Safety and Energy, Department of Automotive Engineering,
Tsinghua University, Beijing 100084, China)

Abstract: Considering the contribution of out-of-plane stresses and strains to laminate structural modal damping in
FEM with fewer elements in the thickness direction, a composite structural modal damping prediction theory is
presented based on the 3 - D effective damping matrix. The composite structure was divided into several sub
laminates along the thickness, and each sub laminate contains many laminas. These sub laminates’ stiffness
matrices, compliance matrices and 3-D effective damping matrices were calculated by the synthesizing theory. The
finite elements were generated with these sub laminates, and a structural modal analysis was executed. Combining
the 3-D effective damping matrices and the results of the modal analysis, specific damping capacities for each modal
were calculated. The presented method is validated by the calculations for structural specific damping capacities of
unidirectional laminates, symmetrical laminates and thick laminates. This method combines the accuracy and
efficiency with the consideration of the contribution of out-of-plane stresses and strains.
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Table 1 Material parameters for calculation 1
Ei1/GPa Ez/GPa G12/GPa G»3/GPa V2 @, /% ¢,/ % @, /% o/ (kgem™%)
191. 375 4.564 2.556 1. 599 0. 304 0.45 4.22 7.05 1490
®2 BAFEHNESHHEARMNESHERI
Table 2 Modal damping factors prediction of unidirectional laminate
Classical laminate Discrete layer
Mode (myn) Parameters Present method
damping theory damping theory

e 131.79 129.2 128.8
1 (1,

7 0.912 0.996 1. 035

f 162. 05 161.9 161.5
2 (1,2)

i 2.250 2.531 2.561

A 237.27 240. 8 240.2
3 (1,3)

7 3.470 3.842 3.861

f 360. 76 368.5 367.3
4 (1,4

7 4.010 4. 389 4.399

f 503. 57 196. 8 490. 8
5 2,1

yl 0. 737 0. 606 0.761

f 521.15 516.8 510. 6
6 (2,2)

7 1. 050 0.996 1. 148

f 528. 46 541.2 538.8
7 (1,5

7 4.200 4.575 4.582

f 562. 83 562.8 556. 3
8 (2,3)

7 1. 630 1. 684 1. 827

f 641. 63 647.8 640. 3
9 (2,4)

7 2.370 2.531 2.654

f 737.35 780. 4 772.3
10 (2,5)

7 4.260 3.294 3.390
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Table 3 Material parameters for calculation 2
E /GPa Es/GPa G /GPa G»s/GPa v, o, /Y 0y /6 ¢, /% o/(kgem )
37.78 10.9 4.91 1.27 0.3 0. 87 5.05 6.91 2003. 5
B, ARSI =44 R, S25 e 1Y 8k x5 KEEERESREEERN
}E li[ﬁj-ng‘ % , U@HH Tleffd& EI'J Efﬁ%ﬁ . %%lﬁ )3 El/‘J Table 5 Prediction of thick laminate
S A4 L5 B LA SR AT BLIE e A — o ower
S 5 - Modal lane
B+ LIS T A SCAE #0971 0 0 16 e % 1 2 Mode  Frequency s plane DO
y N dampi .
WF IR A X PR T 8. B A 2 6 )2 Bory v GRS atio
B [ 14 180 5 3 » S o .
2 BB AR - SR LR S By Dl A ) — 2 1 1354. 3 0.026179  0.012053  0.460431
x4 SEMMEMESERERZRHETN 2 3070. 4 0.034587  0.018182  0.525694
Table 4 Modal damping factors prediction of FRP laminate 3 3070. 4 0.034574  0.018182  0.525885
Parame- Present Regular Present 4 4609. 9 0.036323 0.025242  0.694937
Mode Experiment ’
ters method FEM method 5 5425.0  0.042603 0.026390 0.619455
. ! 103. 54 98.23 90. 40 6 5459. 3 0.042292  0.026057 0.616129
7 8.22 3.99 4. 40 7 6753.3  0.042379  0.031653  0.746884
f 151. 57 151. 99 144.70 o ) o
9 8 6753. 3 0.042369  0.031653 0.747074
7 3.06 2.97 3.50
1 1305. 2 0.027228 0.011381  0.417985
f 185. 66 192. 38 222. 30
3 2 2929. 1 0.035606  0.017290 0. 485581
7 1.99 1.88 2. 60
: 3 2929. 3 0.035605 0.017290 0. 485603
f 266. 73 251. 35 264. 10 Rewul
4 egular
; 2 96 5 59 2 10 b 4 4326. 3 0.036539  0.023723  0.649237
; 266. 73 279, 26 281, 10 FEM O 5003. 6 0.043319  0.025503  0.588734
. .
1 2.96 2.97 3.00 6 5080. 1 0.042776  0.025006  0.584578
f 468.12 439. 21 492. 60 7 6176.9 0.041979  0.029580  0.704638
6
7 2. 40 2.87 2.70 8 6178.0 0.041959  0.029584  0.705067
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Fig. 2 Modal prediction based on effective 3-D damping matrix
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