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1 MAIN RESEARCH QUESTION

This paper aims at validating, via experimental data, a workflow to enable, aeroelastic mod-
eling, control synthesis, and post-synthesis controller verification using high fidelity aerody-
namics. Despite the workflow has already been demonstrated numerically by the authors [1, 2]
an experimental validation of the numerical results has not yet been conducted. These consid-
erations motivated the use of the numerical workflow to perform damping augmentation via
active control in the DLR project Sensor and AI Fusion for Enhanced Peformance and Re-
liability (SAFER2) [3]. Both the numerical and experimental activities are conducted on the
SAFER2 aeroelastic demonstrator, a reference high-aspect-ratio swept wing operating under
subsonic flow conditions. Validating the workflow in a subsonic setting will open the doors for
its application to transonic demonstrations. The wing is equipped with four trailing-edge flaps
for aerodynamic and control purposes, as well as acceleration sensors used for model identifi-
cation and control feedback. The tests are conducted in the DNW Braunschweig Low-Speed
Wind Tunnel (DNW-NWB). The installation of the wing in the DNW-NWB is shown in Fig. 1.
The CFD geometry of the wing together with the coupling nodes from the Finite Element (FE)
model is illustrated in Fig. 2. Further details about the wing and the wind tunnel set-up can be
found in [3].

2 RESEARCH METHOD

The SAFER2 aeroelastic wing was already employed in previous work to demonstrate damping
augmentation via active control [4]. Specifically, the authors designed two control loops: the in-
ner loop generates a deliberate instability (destabilizing loop), while the outer loop investigates
damping augmentation and restores stability (stabilizing loop). The controllers are synthesized
using a model-based control design approach that employs a state-space realization of the wing.
This realization, denoted as SDLM, is obtained from a Nastran FE model that captures the struc-
tural dynamics and is coupled with DLM to include the effects of unsteady aerodynamic forces.
The resulting controllers and closed-loop (CL) performance were validated experimentally via
real-time Operational Modal Analysis (OMA) implemented in the DLR Online Monitoring
(OLM) system to identify and track the modal parameters [5].

In this study, the authors replace the DLM-based aerodynamics with a CFD-based approach
employing the linear frequency domain (LFD) solver of the DLR TAU-Code [6], yielding a
LFD-based state space model SLFD. The controller synthesis is repeated relying on SLFD, while
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Figure 1: Installation of the SAFER2 wing inside
the DNW-NWB.

Figure 2: CFD geometry of the SAFER2 wing and
FE nodes employed for spatial coupling.

the overall design method and tuning weights are left unchanged. The performance of the
resulting controllers in terms of their capability of modifying the damping of the first wing
bending mode is compared to the baseline controller, i.e. the one derived from SDLM. The
comparison, which should serve as a validation of the LFD-based workflow, is conducted at
multiple levels:

• Comparison of the CL transfer responses and CL flutter behavior of SDLM and SLFD, each
augmented with its respective controller, i.e., Fl(SDLM,KDLM(s)) and Fl(SLFD,KLFD(s)),
where Fl denotes the lower linear fractional transformation (LFT) of the two systems.

• Comparison of the frequencies and damping predicted by Fl(SLFD,KLFD(s)) with those
identified via OMA from the wind-tunnel data when KLFD(s) is implemented on the real
system.

Finally, KLFD(s) is incorporated into the simulation environment developed in [2] to carry out
time-accurate CFD-CSM-Controller coupled computations. The resulting aeroservoelastic time
response is compared to the measurements from the wind tunnel.

3 RESULTS

The comparison of the flutter behavior of Fl(SDLM,KDLM(s)) and Fl(SLFD,KLFD(s)) under
different control conditions is displayed in Fig. 3 in terms of damping and frequencies over the
destabilizing gain kdes, a parameter of the inner destabilizing control loop which can be tuned
to decrease the damping of the first wing bending mode [4]. The identified values of the real
system with KDLM(s) and KLFD(s) flashed in the real-time controller are also included.
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Figure 3: Aeroelastic damping of the first wing bending mode over destabilizing gain kdes at V∞ = 50 m/s.

With the stabilizing controller OFF, numerical predictions show good agreement with the OMA
measurements, both for the baseline controller KDLM(s) and for the LFD-based controller
KLFD(s). When kdes was tuned to provide −1% and −2% damping, the wing was artificially
forced to enter into an LCO for safety reasons. As a result, OMA reads a sine-like response
and identifies zero damping values. When the stabilizing controllers are also activated they
are capable of restoring the stability across all the investigated gain values. A fair compari-
son between experimental and numerical results is achieved for both Fl(SDLM,KDLM(s)) and
Fl(SLFD,KLFD(s)). Discrepancies occur at all test points and grow with higher damping. The
main result is the very good agreement between the numerical predictions of Fl(SDLM,KDLM(s))
and Fl(SLFD,KLFD(s)), consistent with expectations for subsonic flow. This validates the LFD-
based approach for model-based control activities.

4 CONCLUSIONS

The presented results validate the LFD-based workflow for aeroservoelastic activities. Addi-
tionally, the final manuscript will use the CSM-CFD framework with incorporated controllers
to investigate observations from the wind-tunnel campaign that lie beyond capabilities of the
DLM-based modelling. In particular, the variation of the observed damping with different an-
gle of attacks during CL operation is examined.
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