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Flutter characteristics of a Composite Wing with Various Ply Angles
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Abstract

In this study, flutter characteristics of a composite wing have been studied for the variation of laminate
angles in the subsonic, transonic and supersonic flow regime. The laminate angles are selected by the aspect
of engineering practice such as 0, 45 and 90 degrees. To calculate the unsteady aerodynamics for flutter
analysis, the Doublet Lattice Method(DLM) in subsonic flow and the Doublet Point Method(DPM) in
supersonic flow are applied in the frequency domain. In transonic flow, transonic small disturbance(TSD)
code is used to calculate the nonlinear unsteady aerodynamics in the time domain. Aeroelastic governing
equation has been solved by v-g method in the frequency domain and also by Coupled Time-Integration
Method(CTIM) in the time domain. From the results of present study, characteristics of free vibration
responses and aeroelastic instabilities of a composite wing are presented for the set of various lamination
angles in the all flow range.
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Fig. 1. Configuration of a sweptback wing model.
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Table 1. Material properties of T300/5208

E(GPa) 138.0
E;=E4(GPa) 9.7
G12= G 3(GPa) 55

G 2(GPa) 41

V=V 0.28

va 05

o(kg/m®) 1580

£y ) 0.125
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Table 2. Definition of laminate angle sets

No g No g
1 | 0/0/0/0/45/-45 |16 | 0/0/45/45/-45/-45
2 | 0/0/0/-45/-45/-45 | 17 |  0/0/45/45/45/45
3 0/0/0/0/0/0 18 |  -45/-45/-45/0/0/0
4 0/0/0/0/0/-45 19 0/0/45/45/90/90
5 | osos0/-45/-45/90 | 20|  0/0/90/90/90/90
6 0/0/-45/0/45/0 | 211 45/0/-45/0/45/45
7 -45/0/0/0/0/0 | 22 | -45/-45/45/-45/-45/-45
8 | 0/07-45/45/45/-45 | 23 | .45/45/-45/45/45/45
9 | 0/0/-45/-45/45/45 | 24 | -45/-45/45/-45/-45/45
10 | 0/0/-45/-45/90/90 | 25 | -45/45/-45/45/-45/45
11 | 0/0/0/45/45/90 |26 | 90/-45/0/45/90/0
12 | 0/0/-45/45/45/90 | 27 | 45/45/0/-45/-45/0
13 -45/0/-45/0/-45/0 | 28 45/45/-45/45/45/-45
14 |0/-45/-45/-45/-45/45| 29 | 90/-45/90/45/90/90
15 | 0/-45/45/0/-45/45 | 30 | 45/45/45/45/45/45
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Fig. 2. Calculated fiutter speed (M = 0.6).
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Fig. 3. Calculated flutter frequency (M = 0.6).
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Fig. 4. Example of V-g plot at M = 0.6 (No. 7).
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Fig. 6. Calculated flutter Speed (M = 0.9).
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Fig. 7. Calculated flutter Speed (M = 1.5).
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Fig. 8. Contour plot of steady pressure distribution
on the upper wing surface.
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and T.E of wing tip (M = 0.9, No. 1).
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