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Aeroelastic Tailoring of a Forward-Swept Wing
Using One-dimensional Beam Analysis
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Department of Mechanical and Aerospace Engineering, Seoul National University

ABSTRACT

Foward-swept wings are known to possess superior aerodynamic performance compared to
the conventional straight wings. However major concerns regarding forward-swept wings
include divergence at lower airspeeds which require careful consideration at the design stage.
As an endeavor to overcome such drawbacks, aeroelastic tailoring is attempted. In order to
find an optimal ply sequence, recursive aeroelastic analyses is conducted and one-dimensional
beam analysis coupled with simple aerodynamics is used for the improved computational
efficiency and modelling convenience. The analysis used in this paper, DYMORE and analytic
formula, both use one-dimensional beam model for the structure. Cross-sectional analysis for
multi-cell NACAOQ015 airfoil section is conducted using VABS and oblique function is used for
the sweep angle. Throughout the present aeroelastic tailoring, the maximum divergence speed
of 290.2m/s is achieved which is increased by approximately 43% than that for the
conventional ply configuration.
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Table 1. Specification of forward—swept wing

Variables Value
Span 6m
Chord m
Aspect ratio 6
Spar location 25%, 75% chord
Airfoil NACA 0015
Aeroelastic tailoring range | 20% span from the root

[ b

Aeroelastic tailoring

Upper skin

Spar Spar2

Lower skin

Fig. 1. Topology and cross—section of a forward-
swept wing
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Fig. 2. Distributed air loads on an aircraft

Fig. 3. Typical forward—swept wing
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Table 2. Result of the equivalent property

VABS
E, | 66.806GPa

CLT
66.208 GPa

PATRAN
66.207 GPa

Table 3. VABS result for the typical cross section
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Fig. 4. Divergence speed in terms of the sweep
angles
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Table 4. Discrepancy between the analytic
formula and DYMORE caused by the
aerodynamics

Sweep Angle -30° -25° -20°
Discrepancy (%) 6.2% 3.8% 2.1%
Sweep Angle -15° -10° -5°
Discrepancy (%) 1.2% 0.2% 0.7%
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