A METHOD FOR THE GEOMETRICALLY NONLINEAR COMPUTATION
OF MANEUVER LOADS IN PRELIMINARY DESIGN OF JET TRANSPORTS

Markus R. Ritter, Kilian Streitenberger

German Aerospace Center (DLR), Institute of Aeroelasticity
BunsenstraRe 10, 37073 Gottingen
Germany

ABSTRACT

High Aspect Ratio Wings (HARW) are indispensable for future medium and long range jet
transport aircraft. The aerodynamic high speed design is challenging because the outer region
of the wing is subject to locally high aerodynamic loadings due to the small chord length. This
becomes especially problematic in the transonic flight regime where nonlinearities caused by
shock boundary layer interaction require careful aerodynamic design. Nevertheless, a number
of HARW jet transport designs have been emerged over the past years, notably the DLR F25
and its variants with an aspect ratio of more than 15 [1, 2]. Besides aerodynamics, the
significantly increased flexibility poses further problems for the structural design and
optimization of HARW. Aeroelastic effects must be considered throughout the whole
preliminary and detailed design process to account for geometric nonlinearities that alter loads
as well as flight mechanic and aeroelastic stability more than for conventional aircraft with
lower aspect ratios. Furthermore, the intended aerodynamic shape and performance of the
aircraft must be assured during all operating conditions; varying mass distributions (caused e.g.
by fuel burn) vyield different structural deformations, their influence must be analysed
thoroughly.

Conventional transport aircraft loads and sizing processes are mostly based on (corrected)
potential aerodynamic methods (VLM, DLM) to compute several thousands of loads cases in a
reasonable time. However, these methods are not able to account for nonlinear aerodynamic
effects (mainly flow separation at high load factors and large gust gradients), which appear in
transonic flight conditions and show a significant impact on the loads [1]. Highly accurate
aerodynamic methods, especially RANS and URANS as well as time linearized CFD
(linearized frequency domain, LFD) are successfully applied and demonstrate their
performance in various — mostly academic — loads and optimization processes, albeit at the
expense of considerably increased turnaround times.

In contrast to the aerodynamics, for which sophisticated methods (CFD) exist for a long time,
geometrical nonlinearities in loads analyses and structural optimization of jet transports have
been considered only in a dilatory way over the past. This rests to a certain extend on the
availability of structural methods that capture geometrical nonlinearities and are directly
applicable in loads and optimization loops for jet transports. Most of these methods are either
computationally complex (e.g. the direct application of nonlinear FE solvers [3]), require the
conversion of the detailed FEM used in structural optimization to e.g. nonlinear beam models,
or demand costly preprocessing steps (e.g. to identify reduced order nonlinear structural
models), which cannot be accepted in large-scale loads analyses. A recently presented method
is able to reproduce geometrical nonlinearities and can be used for condensed structural models
[4]. It is based on the extended modal approach, which uses higher order (quadratic and cubic)
mode components to compute nonlinear nodal displacement fields. Condensed structural (FE)
models are derived from the detailed ones and preferred in the loads computations within
iterative structural optimization loops due to their significantly reduced number of degrees of
freedom. A detailed and a condensed model of a HARW configuration are plotted in Figure 1.
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Figure 1: Detailed (GFEM, for structural optimization) and condensed (for loads analyses) structural FE
models of the HARW jet transport configuration

A high aspect ratio wing jet transport is also considered in this work. So far, only potential
aerodynamic (MSC Nastran SOL144 and SOL146) and linear structural methods were applied
for the calculation of all steady and unsteady loads which were then used for structural
optimization. In this work we present an approach for the computation of quasi-steady
maneuver loads which considers geometric nonlinearities caused by large deformations. The
method is based on the extended modal approach mentioned above and directly uses the
condensed model (more specific, its linear mode shapes) without any complex preprocessing
steps [4]. Thus, it perfectly and easily integrates in existing loads processes. The large
deflections occur in load cases with high normal load factors; for jet transports certified
according to EASA CS-25 specifications, these are typically the 2.5 g maneuver load cases.
Deformations of up to 18 % w. r. t. the semi span of the wing are found within 2.5 g maneuver
load cases for the HARW configuration considered (the particular deformation depends on the
mass case and the flight conditions, such as the dynamic pressure, but is well within this order
of magnitude). We also want to answer the question if the application of a geometrically
nonlinear method is necessary for the computation of loads in high g maneuver, i.e. to what
extend the linear and the nonlinear loads differ for this particular configuration.

The loads framework is based on CFD aerodynamics (RANS and URANS) and couples flight
mechanics and structural dynamics [1]. For the computation of steady (1 g steady straight
horizontal flight) and quasi steady (-1 g, 2.5 g) maneuver, a trim algorithm based on Newton’s
method is used which iterates the pitch angle of the aircraft, the angle of the horizontal tail plane
as well as the thrust. With the nonlinear structural method implemented in this framework,
aerodynamic as well as structural nonlinearities can be taken into account in the loads
computations of HARW jet transports in preliminary design, as will be shown in the full paper.

References

[1] Streitenberger, K. and Feldwisch, J. M., CFD-Based Aeroelastic Maneuver and Gust
Loads Analysis for a High Aspect Ratio Wing Configuration, AIAA SciTech 2025 Forum,
Orlando, Florida

[2] Ritter, M. R. and Fehrs, M. and Schmalz, M., Preliminary Structural Design of a High
Aspect Ratio Transport Aircraft With Laminar Wing, 34th Congress of the International
Council of the Aeronautical Sciences (ICAS), 2024, Florence, Italy

[3] Zimmer, M. and Feldwisch, J. M. and Ritter, M. R., Coupled CFD-CSM Analyses of a
Highly Flexible Transport Aircraft by Means of Geometrically Nonlinear Methods, 19th
International Forum on Aeroelasticity and Structural Dynamics (IFASD), 2022, Madrid,
Spain

[4] Ritter, M. R., Direct Computation of Higher Order Mode Components from Successively
Linearized Geometrically Nonlinear Beam Theory, AIAA SciTech 2025 Forum, Orlando,
Florida



