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Fig. 1  The finite element model of the wing
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(a) The V-g curve of the linear flutter analysis
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(b) The V-g curve of the nonlinear flutter analysis
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Fg.2 The numerical result of the flutter analysis
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Fig.3 The layer angle diagram of the wing up and down skin
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Table 1  The nonlinear modal frequency numerical results of the wing at the different 6
0/° -5 -4 -3 -2 -1 0 1 2 3 4 5

The first order vertical bending/Hz 2,22 2.23 224 2,25 2,25 226 2.27 2.26 225 225 2.24
The first order horizontal bending/Hz 6.10 6.12 6.14 6.15 6.16 6.17 6.17 6.16 6.15 6.13 6.11
The second order vertical bending/Hz 9.09 9.14 9.19 9.22 9.24 9.26 9.27 9.26 9.25 9.23 9.20
The third order vertical bending/Hz 21.8 21.9 22.0 22.0 22.1 22.1 22.1 22.1 22.1 22.0 22.0
The first order torsion/Hz 38.9 38.8 38.7 38.6 38.6 38.5 38.5 38.6 38.6 38.7 38.8

The fourth order vertical bending/Hz 39.5 39.6 39.7 39.9 39.9 40.0 40.0 40.0 40.0 39.9 39.8
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Fig.4 The section line of the first horizontal bending mode at the different 6
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Fig.5 The section line of the first horizontal bending mode at the different §
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Fig.6 The section line of the first torsion mode at the different 6
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Table 2 The nonlinear modal frequency numerical results of the wing at the different torques

The moment of torsion/N + m -350 -300 -250 -200 -100 0 100 200 250 300 350
The first order vertical bending/Hz 2.437 2.437 2.437 2.437 2.437 2.437 2.437 2.437 2.437 2.437 2.437
The first order horizontal bending/Hz 6.440 6.442 6.444 6.445 6.446 6.447 6.446 6.445 6.444 6.442 6.440
The second order vertical bending/Hz 15.03 15.03 15.02 15.02 15.01 15.01 15.01 15.02 15.02 15.03 15.03
The first order torsion/Hz 36.32 36.33 36.34 36.34 36.35 36.35 36.35 36.34 36.34 36.33 36.32
The third order vertical bending/Hz 41.58 41.66 41.73 41.80 41.89 41.94 41.89 41.80 41.73 41.66 41.58
®3 AHRESGT NBFEEXEESHRTEER
Table 3 The nonlinear modal frequency numerical results of the wing at two mass distributions
The first The first The second The first The third
Mode type . . . . . . . . .
: vertical bending  horizontal bending  vertical bending torsion vertical bending
The improvement of the leading edge weight/Hz 2.180 5.766 13.42 33.01 37.47
The improvement of the trailing edge weight /Hz 2.180 5.766 13.42 33.01 37.47
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Fig.8 The section line of the first horizontal bending (left) and torsion (right) mode at the different torques
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Fig.9 The section line of the first horizontal bending (left) and torsion (right) mode at two mass distributions
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Table 4 The nonlinear flutter numerical results of the wing at the different 6

6/° -5 -4 -3

-2 -1 0 1 2 3 4 5

The first branches(m/s)

The second branches(m/s)

114.2 119.7 125.5 133.2 142.2 153.9 170.1
296.3 294.7 293.5 292.5 291.8 291.4 291.3 291.5 292.0 292.8 293.9

193.6 232.9 292.8 N
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Table 5 The nonlinear flutter numerical results of the wing at the different torques

-350 -300 -250

The moment of torsion/N + m

-200 -100 0 100 200 250 300 350

The first branches(m/s)
The second branches(m/s)

47.54 47.34 46.72 46.65 50.20 57.94 71.20 95.00 115.2 166.7 N
234.9 233.9 234.1 234.1 234.1 234.0 233.8 233.5 233.3 232.9 232.6
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Table 6 The nonlinear flutter numerical results of the wing at two mass distributions

Flutter type

The first branches(m/s)

The second branches(m/s)

The improvement of the leading edge weight

The improvement of the trailing edge weight

68. 66
49.55

290.50
201.00
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A NEW METHOD ON FLUTTER TAILORING TECHNIQUES
OF HIGH-ASPECT-RATIO WINGS*

Ren Zhiyi" Jin Haibo Ding Yuliang
(College of Aerospace Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China )

Abstract A method was presented to analyze the nonlinear flutter. Based on this method, the flutter character-
istics of the high aspect wing were illustrated. The numerical results show that the flutter speed is decreased when
the first horizontal bending mode involved. Secondly, this study discussed how the main direction of the compos-
ite influenced the character of the nonlinear vibration and flutter, and established the method of the flutter clip-
ping to the high aspect wing. And the result shows that the stiffness of structure can be changed by changing the
main direction of the composite. It mainly changes the horizontal bending mode , makes the main direction tend to
the trailing edge, and then makes the section line move to the leading edge. Further analyzing the nonlinear flut-
ter reveals that it is the changing of the horizontal bending mode that causes the flutter speed change obviously.
And by the section line of this mode moves ahead, the flutter speed will become larger. In the study, two exam-

ples were illustrated to validate its truthiness.

Key words high-aspect-ratio, geometry nonlinear, flutter, aeroelastic tailoring, section line
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