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Abstract

The rigid-flexible coupled vibration problem of new energy aircraft composite composited plate
structure under coupled additional concentrated mass is studied. Based on the thin plate hypothe-
sis, the dynamic governing equation of coupled additional concentrated mass composite laminated
plate (CLPCM) is derived. By comparing the natural frequencies and mode shapes of the composite
laminated plates with or without coupled additional concentrated mass, the influence of additional
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concentrated mass on the vibration characteristics of the composite laminated plate is analyzed.
The results show that the addition of concentrated mass significantly changes the partial vibration
characteristics of composite laminated plates. This study provides theoretical support for the de-
sign of composite laminate structures for new energy aircraft.
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Figure 1. Mechanical model and coordinates of the CLPCM
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Figure 2. The elastic boundary of the CLPCM
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Table 1. CLPCM geometry and material parameters (20°C)

5% 1. CLPCM JL{af R ##:1£8(20°C)

ZH i ¥l <X
JERE h 0.0032 m
K a 0.5 m
Wi 0.5 m
W p 1512 Kg/m?3
ARALL u12 0.32 -
LRUETT I A B Eu 149.47 GPa
T B A4 7 A A Ew 8.02 GPa
BIYI G2 12.27 GPa
2R 45 M IR R o1 0.189 ppm/C
3 B AT 4R 77 M R IR R 2 o2 26.829 ppm/C
Bt Jin £ v o £ Me 0.946 Kg
Table 2. Frequency comparison of CLPCM with fixed support (me = 0)
%= 2. EE & CLPCM HISZRITEE (e = 0)
HIR T8 (Hz)
1074 IR T RZE (%)
M=N=5 M=N=6 M=N=7 M=N=8
1 141.375 141.375 141.375 141.375 141.39 0.011
2 282.568 282.496 282.496 282.496 282.85 0.125
3 299.848 299.769 299.768 299.768 300.13 0.120
4 404.704 404.593 404.593 404.593 405.16 0.140
5 517.408 517.408 516.551 516.551 518.01 0.116
6 557.576 557.576 556.631 556.631 558.08 0.090
7 611.252 611.205 610.507 610.507 612.13 0.151
8 637.704 637.661 636.865 636.864 638.54 0.138
9 807.131 807.131 805.997 805.997 807.97 0.104
10 921.773 839.842 839.842 834.955 839.22 0.074
Table 3. Modal shapes of composite plates (me = 0)
% 3. EAMRMRAVESHRE (me = 0)
[ES iR AR T
1 ©
LIES 141.375 141.39
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REMRB A AR . 1524000 5 53 A B R 209 0.897%. 45 RAGIE 1 Tde Hh 5 1 Fr
MIHERRTE . R kI A5 BRI 5 22 M0 AT B R EAT T LA, ATRAE . fEMFESMET, G
LT 52 G0 F TG 45 R BA B — 2, RYIZI5i2% CLPCM B 78 BA B IAE R 1 -

Table 4. Spring stiffness for various types of tradition support

4. BRTEMERLEB S ERHERIE

NI (N/m or N/rad)

5 LS Zus
ka (N/m) kv (N/m) kw (N/m) ko (N/rad)
HH 0 0 0 0
S fai ¢ 1010 1010 1010 0
[:LE]B'Z 1010 1010 1010 1010

Table 5. Vibration of CLPCM with typical boundary and elastic edge (me = 0, [0/90]ss)
= 5. ZEh RN R xFEE (me = 0, [0/90]ss)

I SFAT Bk 1 2 3 4 5 6

C A iSES 141.380 282.593 299.875 404.761 517.497 557.670

cccce fE 4830 5+ 141.375 282.496 299.768 404.593 516.551 556.631
R (%) 0.004 0.034 0.035 0.042 0.017 0.017
Bk 68.828 180.554 192.500 275.314 384.998 415.710

SSSS e gri 5t 68.828 180.553 192.498 275.312 381.589 411.982
RE (%) 0.000 0.001 0.001 0.001 0.886 0.897
PRI S 19.603 72.815 102.503 150.298 210.571 273.122

FCFS iUl 19.603 72.814 102.502 150.295 210.544 273.077
RE (%) 0.000 0.001 0.001 0.002 0.013 0.017

Hi 6 FTUAE L, HnSEth R E S EYZ GBI % A B E N, BIe T RAS B A A
R SA R o0 BAF R B A SFRA L, SORIRZE N 3.342%, 2SR, B0E 7 EIS TH R AR I .

Table 6. Coupling additional concentrated mass frequency comparison
7 6. MBEMIMEP REINETEL

; A Po
Sl i it HILT 25(%)
1 55.122 54.60 0.956
2 282.377 282.85 0.167
3 299.642 300.13 0.163
4 339.188 328.22 3.342
ceee 5 404.593 405.16 0.140
6 536.338 537.64 0.242
7 610.302 612.13 0.299
8 636.654 638.54 0.295
9 731.146 720.20 1.520
10 833.808 839.22 0.645
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Figure 3. Natural frequencies of the composite laminated plate with or without additional concentrated mass
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Figure 4. Modal shapes of the composite laminated plate with or without additional concentrated mass
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Figure 5. Natural frequencies of coupled additional concentrated mass composite laminates under different boundary condi-
tions
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Figure 6. Effects of different additional concentrated masses on natural frequencies of composite laminates under different
boundary conditions: (a) CFFF; (b) CCFF; (c) CCCF; (d) CCCC
6. FEHAFRFZFHTAEMMEFREXMNEEMHEEINEBINENEN: (a) CFFF; (b) CCFF; (c) CCCF; (d) CCCC
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AR B B R, X SR BT BB N4 R S S S A RS BRSNS B . BE A P
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