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known therefore a design domain discretized with 3D elements is generally used as the initial design. During the 
optimization, the best possible combination of shape and size for the desired objective is achieved by removing the 
elements which do not contribute to the stiffening of the structure. In this way, the greatest design freedom is ensured 
but at a very high computational cost. In Ref. 1, topology optimization of a wing was performed using 1.1 billion solid 
elements. It took 5 days of computing time on 8000 CPUs even though only the stiffness was considered for 
optimization under three linear static loads. Since buckling analysis is time intensive, therefore for the design problems 
involving thin-walled structures, the efficient approach used in literature, is to discretize the design domain with 2D 
shell elements and parameterize it with the size, layout, and topology variables. The size variables control the 
thicknesses of the skin and stiffeners, layout variables control the placement of the stiffeners on the skin including 
their location and orientation, and topology variables control the number of stiffeners. Traditionally, a stiffened panel 
is designed using size optimization while keeping the layout and the topology variables fixed. If the layout 
configuration and the number of stiffeners are predetermined then a limited mass saving can be achieved. For 
additional mass saving, it is important to perform simultaneous optimization of size, layout, and topology variables. 
Therefore, various studies on this area of research were conducted in the last decade [3]–[7]. In these studies, a 
gradient-free optimizer was used which usually requires a higher number of evaluations when compared to a gradient-
based optimizer. The gradient-free optimizers are more applicable to models that require a small computational cost 
or involve a limited number of design variables. These limitations limit the possible improvement in the structural 
performance that can be achieved through optimization. Therefore, in some recent studies, a gradient-based optimizer 
was employed [8]–[10]. The internal topology of each stiffener was optimized which allowed the optimizer to partially 
remove the stiffener. This resulted in the optimal designs that can be difficult to manufacture. A mesh morphing 
strategy based on the Free-Form Deformation (FFD) method was used to manipulate the finite element mesh to 
accommodate the perturbed layouts generated during the optimization. The use of mesh morphing requires additional 
constraints on the grid point coordinates to ensure that the adjacent stiffeners do not overlap or cross each other in the 
deformed meshes. The sensitivities of such constraints were computed using the finite difference method, which also 
significantly increased the computational cost. Moreover, FFD does not allow large changes in the layout because of 
mesh distortion issues. It also poses a limitation while working directly with the computer-aided design (CAD) models 
of the configurations.  
 

  
Fig. 1: Stiffened panel structure 

 The research herein presented tries to overcome these limitations by developing an innovative design methodology 
that employs a CAD-like modeling tool to parameterize the stiffened panel geometry, generate the finite element mesh 
and provide the geometric sensitivities which are the derivatives of the grid point coordinates relative to the layout 
design variables. The use of this CAD-based parameterization offers two advantages. Firstly, the geometric constraints 
to avoid overlapping and crossing of stiffeners are implicitly applied through the layout parameterization scheme, 
therefore no additional constraints on the grid points coordinates are required. Secondly, the CAD model is maintained 
throughout the optimization process because the CAD variables are directly controlled by the optimizer. Therefore, 
the additional step of converting the optimal design back to CAD is not required. The internal topology of each 
stiffener is fixed therefore either the whole stiffener will stay or disappear from the panel. This is achieved by allowing 
the optimizer to transform a stiffener into a ghost stiffener. The ghost stiffeners do not contribute to the mass and 
stiffness calculations of the panel. A re-meshing strategy is used instead of FFD to allow large changes in the layout. 
The developed tool chain employed commercially available tools. This is crucial for the wider adoption of the 
proposed methodology in the industry.  
 
 The remainder of this paper is organized as follows. The design methodology is introduced in Section 3. The 
design problem is formulated and explained in Section 4. The results of the stiffened panel design are presented and 
discussed in Section 5. The conclusions are given in section 6. 
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Fig. 2: Flow chart of the proposed method 

IV. Design Problem Formulation 

A. Stiffened Panel Geometry 
The stiffened panel geometry of Ref. 8 was used in the work presented in this paper. The geometry was modeled 

in ESP. The surface mesh was generated using ESP and egadsTessAIM [19]. The CAD model, finite element mesh, 
and the applied boundary conditions are shown in Fig. 3. The panel included 7 blade stiffeners each with a fixed height 
of 0.03m. A shear load of 300 KN/m was applied at the top edge of the skin. The skin and each stiffener were 
discretized with 80 x 80 and 8 x 80 CQUAD4 shell elements, respectively. The isotropic material properties used in 
Ref. 8 are Young's modulus = 73GPa, Poisson's ratio = 0.33, and density = 2795kg/m3.  

 

 
Fig. 3: Stiffened panel CAD model and finite element mesh 


























