
1. Design variables 2. Surrogate models 3. Predictions for candidate x
4. Feasibility-first

optimization
5. Optimizer

6. FEM validation 7. FEM acceptance criteria

FEM analysis

Windows thicknesses

(to be optimized)

(trained on FEM data)

$$Damage (\mathcal{D})$$

(surrogate)

Shear-distortion performance indicator

Window damage limit: D_i ≤ 100

Frame damage limit: D_f ≤ 90

Feasibility $$J(\mathbf{x})$$

$$\text{Feasible: } \hat{\mathcal{D}}_i + m_i \le 100,\; \hat{\mathcal{D}}_f + m_f \le 90$$

$$\text{Stage 1: } \max \min_i \hat{\mathcal{D}}_i$$

$$\text{Stage 2: } \max \sum_i \hat{\varepsilon}_{xy,i}^2 t_{w,i} V_i$$

Differential Evolution

Pop. size = 25 x D

Max. iterations = 500

Tolerance = 10
-6

Output:

Best candidate x*

Candidate geometry x*

(from surrogate optimization)

(adaptative)

Compare FEM vs surrogate

predcitions

$$\hat{\varepsilon}_{xy,i}$$

$$\mathcal{D}_{i}$$

$$\mathcal{D}_{f}$$

$$J$$

$$\text{Distortion }(\varepsilon_{xy})$$

$$\hat{\varepsilon}_{xy,i}, i=1, \ldots, N_w$$

Windows:

Windows:

$$\hat{\mathcal{D}}_i, i=1, \ldots, N_w$$

Frame:

$$\hat{\mathcal{D}}_f$$

$$\text{Damage }(\mathcal{D})$$

$$\hat{\varepsilon}_{xy,i}, i=1, \ldots, N_w$$

Windows:

$$\text{Distortion }(\varepsilon_{xy})$$

Windows:

$$\hat{\mathcal{D}}_i, i=1, \ldots, N_w$$

Frame:

$$\hat{\mathcal{D}}_f$$

$$\text{Damage }(\mathcal{D})$$$$\mathbf{x} = \left[t_{w,1}, t_{w,2}, \ldots, t_{w,N_w}\right]$$

1
FEM damage within prescribed

limits

2
DE performance

reproducibility (0.1%)

3
Optimum stable (≤ 2%) and margin

not limiting

All criterias fulfilled?

Yes

No

Accept optimized geometry

(FEM-validated)

Add new FEM result to dataset

Retrain surrogate models and

repeat optimization

Summary

A feasibility pre-solve identifies the

admissible region; if none is found, the least-

infeasible candidate is used for enrichment

Damage limits are enforced as constraints

and the two performance objectives are

hierarchical

FEM validation ensures reliability of the

predicted optimal solution

If not validated: retrain surrogates and

repeat the optimization


