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Hovering ascent
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Mid-Fidelity Simulations: DUST

Hovering descent
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Hovering descent
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DUST Wing force distribution comparison MODEL-SI L
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Comparison between a simulation with Comparison of the wing aerodynamic modeling:

and without the fuselage Vortex Latice Method (VL)

Non-Linear Vortex Lattice Method (NL-VL)
Surface Panels (SP)
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Comparison of the wing aerodynamic modeling:
« Lifting Line (LL)

« Vortex Lattice Method (VL)

* Non-Linear Vortex Lattice Method (NL-VL)

« Surface Panels (SP)
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Wing aerodynamics comparison MODEL-SI L
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Comparison between different models fidelity:
« Low-fidelity: Vortex Lattice Method (Tornado)

« Mid-fidelity: Vortex Particle Method (DUST)

« High-fidelity: CFD steady RANS
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Multi-fidelity modeling - results
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BNN results: Model Integration
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[aoa=-5, aos=0, uinf=10]

BNN with TL achieves good accuracy
and consistently outperforms single * Test-set Points
models trained on separate datasets. " E:FF.:
The uncertainty quantification provided ) |y
valuable insights into the model's

convergence capability (epistemic) and
data coherence (aleatoric). The model
was ultimately integrated into the
system.
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BNN Low Fid: Training loss
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BNN results: Results

MODELING AND SIMULATION

Model Trammg P.redlctlon Average Perc. Avergge Perc. N. Params
Time Time Error Confidence

BNN LF ~41 min ~0.02 sec
BNN MF ~35 min ~0.02 sec
DF: BNN TL ~55 min ~0.02 sec
DF: CoKriging ~4 min ~0.005 sec

Benchmarks on NVIDIA Quadro P2000 GPU

Final model hyperparameters:

* Input dimension: 8

* Qutput dimension: 10

« Number of layers: 5

« Optimization Function: LeakyRelLU
* Learning rate: 0.0016

BAEASA - Learing rate during TL: 0.0081
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Flight mechanics analysis - results
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Flight Tests MODEL-SI L

The eVTOL is equipped with standard sensors and additionally:

® accelerometrs
strain gauges

Key notes:

» Several flights were accomplished in the
entire flight envelope in both Helicopter
and Airplane mode

» Structural modes were identified

» Flight test data is compared with
simulation data
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Flight Mechanics comparison MODEL-SI L
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Trimmed conditions comparison in AP mode between:
O LF Flight Mechanics model
X Flight test data
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Aeroelastic results: Bending moment
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Linear stability analysis
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Aeroelastic results: Linear stability analysis MODEL-SI L

(a|rp|ane mOdE) MODELING AND SIMULATION
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Conventional V-g plot and root locus, in this case, no unstable mode is detected.
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Aeroelastic results: Linear stabllity analysis

(heIICOpter mOde) MODELING AND SIMULATION
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Conventional V-g plot and root locus, in this case, no unstable mode is detected. Note that in
helicopter mode, the eigenvalues analysis is only possible if multi blade transformation provides a
time constant system of equations. Conversely, an approach like Floquet is necessary.
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Bending M@ment RMS
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