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Nonlinear Aeroelastic Analyses of Composite Wing with Flap

Won-Ho Shin’, Jae-Sung Bae”, In Lee "

ABSTRACT

Nonlinear aeroelastic analyses of composite wing with flap are performed considering free-play and dynamic
stiffness of actuator. Doublet-Hybrid method is used for the calculation of subsonic unsteady aerodynamic
forces. Free-play is modeled as a bilinear spring and is linearized by using the describing function method.
Dynamic stiffness is obtained from governing equation of gear system and the aeroelastic analyses were
performed according to ply-angle of laminate and material. The linear and nonlinear flutter analysis results
show that the flutter characteristics are significantly dependent on the free-play and dynamic stiffness. From the
nonlinear flutter analysis, various types of limit cycle oscillations are observed in a range of air speeds below
or above the linear divergent flutter boundary.

Key Words : Zz€|(flutter), B]A& FgtA](nonlinear aeroelasticity), 54 (free-play), 5734l (dynamic stiffness), A|gtE7| 7%
(limit cycle oscillation)
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Aluminum : E = 72.0Gpa, v = 0.33, p = 2710kg/m’
Gr/Ep : E1=119Gpa, E,=8.67Gpa, G1,=G23=5.18Gpa,
G2=3.9Gpa, 11, = 0.31, p = 1570kg/m’, t=0.125mm
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Fig. 1 Configuration of wing with control surface.

Magnitude
(Nmm/rad)

100
Frequency (Hz)

Phase(degree)

0 50 100 150 200
Frequency (Hz)

Fig. 2 Magnitude and Phase of Dynamic Stiffness.
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Table 1 Natural frequencies of wing with control surface as meterial of wing
704
Aluminum Gr/Ep [0/45/-45/90]s Gr/Ep [02/902]s i
T 90
1% mode 9.06Hz 11.27Hz 11.52Hz 3 s
™ mode 25.45Hz 29.02Hz 27.04Hz Ef 40
3% mode 38.88Hz 38.06Hz 34.57Hz 5w
i = 204 | T FM method
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[M ]{u}+[C]{u}+[Kn(u,a))]{u}= {F(t,u,u)} (©) Fig. 5 Varation of natural frequency of quasi-laminated composite wing
with control surface as hinge stiffness increases.
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Fig. 6 V-g plot of aluminum wing with control surface.

Table 2 Linear aeroelastic characteristics of wing with control surface
according to wing material

Aluminum Gr/Ep [0/45/-45/90]s | Gr/Ep [02/90,]
Viuter 41.41m/s 33.14m/s 27.69m/s
OFtuter 42.89Hz(4™) 19.72Hz(2") 20.80Hz(2")

Table 3 Aeroelastic characteristics of wing with control surface as material
of wing considering dynamic stiffness

Aluminum Gr/Ep [0/45/-45/90]s | Gr/Ep [02/90:]s
Vruutter 44.51m/s 34.73m/s 27.53m/s
OFluter 22.79Hz(2"™) 23.10Hz (2™) 22.36Hz(2")
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Fig. 7 Nonlinear flutter characteristics of wing with control surface as
material of wing.
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Fig. 8 Time history and phase plot of wing with control surface.
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Fig. 9 Nonlinear flutter characteristics of aluminum wing with control

surface considering dynamic stiffness.
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Fig. 10 Nonlinear flutter characteristics of composite wing with control
surface considering dynamic stiffness ([0/45/-45/90]s).
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Nonlinear flutter characteristics of composite wing with control
surface considering dynamic stiffness([02/902]s).
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