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ABSTRACT 

The state-of-the-practice in industry for aeroelastic gust computations uses linear doublet lattice 
method (DLM) aerodynamics coupled to a modal representation of the structure, in the 
frequency domain. Continuous and discrete gust loads may be computed using various 
techniques, with the latest certifications requirements listed in FAR-25.  These linear aeroelastic 
gust tools, with steady correction factors (to account for transonic effects) computed from wind 
tunnel or numerical data, have been successfully used for transport aircraft design for many 
years.  Future trends in aircraft design, however, will include longer and thinner wings, in an 
effort to reduce environmental impact.  The aeroelastic tools that have governed past success 
may not translate to future nontraditional configurations, where the gust mechanisms, and the 
ensuing wing designs, will be far more complex. 
Transonic flows in particular, may lead to an overly aggressive aeroelastic gust mechanism due 
to the high sensitivity of the flow to structural deformations.  Approaches based on correction 
factors [1] may be able to properly account for these mechanisms, or a full accounting via 
computational fluid dynamics (CFD) may be required.  CFD-based gust computations in the 
time domain are very expensive [2], particularly in a design-oriented setting, where reverse-
time adjoint computations are required [3].  CFD-based gust computations using the linearized 
frequency domain (LFD) have been shown to provide high-fidelity gust predictions at a reduced 
cost [4], and are more amenable to adjoint-based sensitivity computations [5].  Ref. [6] has 
shown that, for higher gust load amplitudes, a linearized computation can over-predict the 
bending moments relative to a fully-nonlinear time domain computation, but under-predict the 
torsional moments. 
The findings of Ref. [6] highlight another issue with current aeroelastic gust computations, 
which is that most of these tools utilize bending and torsional moment results as a structural 
failure metric. Stress-based metrics and derivatives are more relevant for complex wingbox 
structures, but are relatively difficult to accurately extract from a modal structural 
approximation [7].  Furthermore, stress-based failure indices (von Mises, for example) are 
nonlinear quadratic functions of the modal response, and this can complicate certain gust 
response formulations.   
The goals of this work are to advance the state-of-the-art in this area: compute peak stresses (in 
time) of an aeroelastic wingbox, in response to a discrete gust input, using a modal structural 
finite element solver and a LFD-based aerodynamic solver written into the FUN3D flow solver 
[3].  Stresses are computed with the well-known modal acceleration (MA) method [7]. Coupling 
between the various solvers is enabled with OpenMDAO and MPhys [8], and these tools also 
allow for the computation of analytical adjoint derivatives of the peak stress with respect to a 
large vector of shape and sizing parameters.  This framework will be demonstrated on the 
Common Research Model (CRM), a generic transport configuration with a well-defined outer-
mold-line and wingbox topology. 
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