








745Bull.  Pol.  Ac.:  Tech.  65(5)  2017

New biomimetic approach to the aircraft wing structural design based on aeroelastic analysis

depicts the result for the same starting configuration but in-
cluding multiple load cases. The direction of the force applied 
was switched every two simulation steps from the vertical to 
horizontal one and vice versa. The result of the multiple load 
study is presented in (Fig. 3). The solution obtained is radically 
different from those obtained for each of the load cases shown 
in (Fig. 2), nor is their superposition. Due to the unique features 
of biomimetic structural optimization process discussed above, 
the evolution of the structure proceeded smoothly, despite the 
changes in load definition. The method allows efficient perfor-
mance of the optimization process for several cases of loading, 
when homogenization of SED on the surface of the structure 
guarantees the optimality of solution.

In the next chapters, a complex biomimetic optimization 
process of a symmetrical NACA0012 airfoil will be presented. 
The features special to the presented approach, allowing cal-
culation of a multi-load case problem combining different flow 
conditions, are crucial for such task.

4.	 Flow simulation

In aerospace engineering, to obtain a proper balance between 
weight and strength of the internal wing structure, optimi-
zation techniques have to be used. On the other hand, in 
the process of designing an aircraft structure, the coupled 
fluid-structure interaction (FSI) simulations must be consid-

ered as well. During the standard procedure, the topology 
optimization is performed separately from the size and shape 
optimization, due to differences in both methods. The method 
based on trabecular bone remodeling allows topology, size, 
and shape optimizations to be done altogether, simultaneously 
supplying them with modifiable loads from the aeroelastic 
analysis.

A system for coupling aeroelastic analysis [29] with struc-
tural optimization [30] has been developed. The presented ap-
proach is based on a loosely coupled technique, where each part 
of the multidisciplinary problem is solved independently and 
the results exchange between each other (Fig. 4).

At the beginning, the aerodynamic load based on the CFD 
simulation is computed. Afterwards the outer wing surface pres-
sure distribution is interpolated on the structural mesh and the 
biomimetic structural optimization begins.

The pressure distribution interpolation between CFD and 
CSM calculations is imposed by the various discretization 
levels. Because of the non-matching grids, it is impossible to 
transfer the data directly from one structure to another. To en-
sure proper interpolation, a data exchange technique using cou-
pling surface was implemented, enabling interaction between 
both grids. The calculated aerodynamic load is transferred from 
the CFD grid, through the coupling surface to the CSM mesh 
using the inverse distance weighting interpolation method. This 
approach guarantees that conservative values are maintained 
across computational procedures [31].

Fig. 4. The algorithm presenting coupling between aeroelastic analysis and biomimetic structural optimization

CAD MODEL (iges)
Preprocessing

CFD mesh

CFD mesh 
deformation 

tool
Surface 

adaptation

No

Yes

Preparation of structural 
computations 

CSM mesh building

Structural computations 
with parallel 
processing

Remodeling scenario 
Decision block

Export: 
structural 

displacements

CFD solver

Import: 
pressure 

distribution

CFD part part – biomimetic structural optimizationCoupling

Aeroelastic Loop

CSM

If no need for 
adaptation 

according to the 
remodeling  

scenario












