ABSTRACT

The deformation of the flexible structure under aerodynamic loads at
subsonic high speeds due to the aeroelasticity phenomenon was not
considered in aircraft design until recently. Further studies showed that the
deformation might lead to structure instability and unsafe operation.

In this study, an aircraft already in operation, from the subsonic high speed
group, was investigated for the effect of these aeroelasticity phenomena. The
design specification data of the study Aircraft was used through reverse
engineering to analytically calculate the aerodynamic loads & review the
effects of the aeroelasticity on the Aircraft wing at ten speeds within the n-V
diagram limits.

The aerodynamic loads were investigated for the effect of trim. It was found
that the Lift along the wing span increased under the trim condition. This
subsequently increased the wing forces and moments

The computed divergence and flutter speeds when compared with the design
speeds agreed within 97% to 95% respectively.

The wing structure stability analysis showed a stable structure within the n-V
limits, but the skin near the wing tip has a safety margin of 30 % only. The
skin safety margin decreased to 12% when the maximum limit speed was
increased by 5%. It is believed that the Aircraft skin is a problem and might
lead to unsafe situation.

It is recommended to address this problem at current operation and future a/c.
At the current operation level to make the pilots more aware of the situation
through and notices to avoid operation near the maximum limit speed. The
notices can be through placards or retrofit of an oral warning system. At the
redesign level to include the outcome of the researches in progress and use of

the smart material.
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Nomenclature

Excitation force
Damping force
Area of flange
Area of Cell 1
Area of Cell 2

The force acting on the spar flange

Lift force

Mach number
Bending moment
Torsional moments
Resilient force
Wing area

Inertia force

Shear force
Reynolds Number
Maximum Weight of the aircraft
Wing rigidity
Wing Stiffness
Lift curve slope
Shear flow

Web shear flow
Cell 1 Shear flow
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Cell 2 Shear flow

Thickness of the web

Load factor

Height of the web

Lift coefficient

Maximum lift coefficient

The additional lift distribution
The basic lift distribution

Zero bending moment coefficient
Bending moment coefficient
Drag coefficient

The increments of lift coefficient
The increments moment coefficient
Air speed

Cockpit instrument reading
Indicated Air speed

Calibrated Air speed

Equivalent Air speed

True Air speed

Compressibility correction

Air speed sensor position error correction
Instrument error correction
Maximum speed

Divergence speed

Critical flutter speed

Factor depending on the way of fixing the web
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Effective airfoil chord

Airfoil chord

Mean geometric chord

Angle of attack

Zero-lift Angle of attack

Sweepback angle

Ultimate stress

Twisting angle

Torsion angle per unit length of cell (1)

Torsion angle per unit length of cell (2)

Geometric twist angle

Section twist angle referred to the zero lift line of airfoil section
of the plane of symmetry.

Shear stress

Normal stress

Critical shear stress

Reduction coefficient of skin stresses

Reduction coefficient of longitudinal stringers stress

Panel stresses
Allowable Skin stresses

Critical stresses due to the local loss of stability of the
compression flange
Critical stresses due to the local loss of stability of the

longitudinal stringers

Critical stresses due to the local loss of stability of the skin
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Ocr, Function of wing deformation along the span
o(y) Standard function
6, Constant amplitude
w Angular frequency of the flutter
Y Air density
e Distance between the aerodynamic axis and the elastic axis
Az
a Lift curve slop
P Density
M Dynamic Viscosity of Air
(o} Relative density
q Dynamic pressure
An The increments of load factor
A/C Aircraft
AAW Active aeroelastic wing
3AS Active aeroelastic aircraft structures
AFW Active flexible wing
AMVT All movable vertical tail
CS Certification specifications - EASA
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