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Abstract

Aiming at the current problem of higher aerodynamic loads and larger deformation requirements
of variable-angle flexible leading edge for morphing aircraft, a new flexible skin model is proposed
and designed in this study. Firstly, the flexible skin model is designed as a composite-viscoelastic
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material combination shell structure, and the natural frequency and modal vibration pattern of the
system are analyzed based on the Rayleigh-Ritz method and the finite element method, and com-
pared with the theoretical values. The effects of temperature and coupling angle on the natural fre-
quencies and vibration shapes of the combined shell structure are discussed by varying the temper-
ature and coupling angle and analyzing the results under several working conditions. It is found
that the effect of temperature on the natural frequency mainly comes from the temperature-in-
duced degradation of the mechanical properties of the material; the small coupling angle has a
greater effect on the low-order frequency, which provides a new way of thinking to improve the
performance of the flexible skin.
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Figure 1. (a) Simplified model of the combined shell; (b) coupling angle of the combined shell; (c) simulation of the com-
bined shell boundary
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Figure 2. Verification of convergence of theoretical calculations
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Table 1. Comparison of natural frequencies of composite combined shell with present and FEM
#* 1. HETEHERNERELE

TR IR R (%)
B R (Hz) AT (Hz)

1 370.438 371.75 -0.35

2 387.7689 3871.91 -0.04

3 427.4411 429.27 -0.43

4 513.4459 512.49 0.19

5 563.6875 562.88 0.14
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Table 2. Mode shapes of combined shell structure
2. A REMIESRE

15t Mode 2" Mode 34 Mode 4" Mode 5% Mode

3.2. &R

HISC L2 HE T AR AT T USSP S UE AR B PR B0, SRR 1 HET AR RS AL UG HERR I, AEASTY
PEAESE 2 TOL N BEAT G5 R HT, IS AR & A R A IR T I as R

3.2.1. FEBEAE THRAEREWNINNIESE

F 3 HNZE T EET 20°C BRI LR 0°~30° A A A L BRI T SRR B ey A3 B A AR, R 2K
F 1.5%, Xt B IIE 7 E T RIOMERTE . W0 3 B, AL TR A I AT AT R B RS A F T
1E 0°~10°K0-4 #1 B R I [ G S0R 1200 T, 16 10°~30° R84 A1 B T I B G SR 2k L7, IR S R4 B
Tt ks Bt

TN

FEM

> %2

Table 3. Comparison of natural frequencies at 0°~30° coupling angles

2 3. 030" IR A A E TEAMEMRTEL
WEMAEC) BEMIK AIRHz) Higi5Hz) #%E%) BEMK GRGH2) HERitHEMH2) 7% %)

1 371.75 370.44 —-0.35 3 429.27 427.44 —0.43
0 2 387.91 387.77 —0.04 4 512.49 513.45 0.19
1 179.36 179.26 —0.06 3 491.4 497.95 1.32
> 2 218.69 218.31 -0.17 4 516.34 515.42 —0.18
1 156.57 156.65 0.05 3 577.3 579.16 0.32
10 2 210.35 211.55 0.57 4 657.25 656.68 —-0.09
1 196.1 196.14 0.02 3 698.9 700.14 0.18
o 2 256.87 256.03 —-0.33 4 801.82 802.50 0.08
1 223.56 223.73 0.08 3 783.05 784.12 0.14
20 2 290.1 290.44 0.12 4 888.4 892.08 0.41
1 240.59 240.75 0.07 3 829.14 830.26 0.13
2 2 310.93 311.46 0.17 4 918.71 925.09 0.69
1 251.82 251.99 0.07 3 854.25 855.52 0.15
% 2 324.67 325.19 0.16 4 928.32 935.94 0.81
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Figure 3. Trend curve of intrinsic frequency of combined shell structure with coupling angle: theory and finite element
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Table 4. Comparison of natural frequencies of combined shell structures in thermal environments
4. HARERTERIFE THSZEIT

BECC) HEEMK BMRIt(Hz) FiiHMHz) RBZE®%) BEEHMR ARIGHz) BigiEMH2) iRZE(%)

1 371.75 370.44 —-0.35 3 429.27 427.44 —0.43
20 2 387.91 387.77 —0.04 4 512.49 513.45 0.19
1 280.7 279.29 —0.50 3 393.47 395.22 0.44
% 2 301.05 298.28 —0.93 4 463.01 464.12 0.24
1 187.75 187.67 —0.04 3 364.06 365.44 0.38
0 2 212.2 210.68 -0.72 4 414.92 417.45 0.61
1 122.99 116.98 -5.13 3 305.9 312.61 2.15
% 2 152.04 145.61 —4.42 4 317.96 316.03 —-0.61
1 94.443 93.92 —0.55 3 222.32 230.84 3.69
%0 2 127.08 125.22 —-1.48 4 228.18 234.84 2.84
1 81.329 84.84 4.14 3 170.93 181.44 5.79
0 2 115.57 111.44 -3.71 4 176.53 182.12 3.07
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Figure 4. Trend curves of intrinsic frequency versus temperature for com-
bined shell structures: theory and finite element
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