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Abstract

Deliverable D5.2 presents the interactive conceptual-design tool that assists engineers during the early
design phase by allowing fast evaluation of material choices, geometric options, and structural layouts.
This tool was built using Python and offers a user-friendly workspace where designers can examine
trade-offs between essential performance indicators and sustainability metrics at an initial design
level. Through adjustable input parameters and clear visualizations of the design space, the platform
enhances the clarity and effectiveness of decision-making.

In the frame of Fun4Design program, the interactive conceptual-design tool was implemented in the
assessment of the design variants of A-Pillar automotive component.
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Disclaimer

This research project is implemented in the framework of H.F.R.I Call “Basic research Financing (Horizontal
support of all Sciences)” under the National Recovery and Resilience Plan “Greece 2.0” funded by the
European Union —NextGenerationEU (H.F.R.l. Project Number: 015672).

The statements made herein represent the opinion and findings of the author(s). HFRI is not responsible for
any use that may be made of the information they contain.

Copyright © 2025, Angelos Filippatos (Pl), All rights reserved.

This document and its content is the property of the PI. It may contain information subject to intellectual
property rights. No intellectual property rights are granted by the delivery of this document or the disclosure
of its content. Reproduction or circulation of this document to any third party is prohibited without the prior
written consent of the Author(s), in compliance with the general and specific provisions stipulated in the Grant
Agreement.

THIS DOCUMENT IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND ANY EXPRESS OR IMPLIED
WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A
PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR
ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS
INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR
TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS DOCUMENT, EVEN IF
ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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1. INTRODUCTION - BRIEF DESCRIPTION OF THE DIGITAL DESIGN TOOL

Deliverable D5.2 focuses on the development of an interactive conceptual-design tool that supports early
engineering decisions by enabling rapid exploration of materials, geometries, and structural configurations.
The tool is developed in Python tKinder (Tk 8.6) [1] and provides an intuitive environment where users can
investigate trade-offs between key performance and sustainability parameters at a preliminary design stage.
By offering control of the input design parameters and visual representation of the design exploration, the
digital platform aims to improve decision-making efficiency and transparency, ultimately forming the
foundation for an open-access benchmark tool that can be expanded with new datasets and modelling
capabilities over time.

In the frame of Fun4Design program, the interactive conceptual-design tool is implemented in the
assessment of the design variants of A-pillar automotive component. The case study is a multi-material A-pillar
component that was presented in previous studies [2,3]. The assessment is performed based on a holistic
sustainability approach presented in previous research works [4]. According to this approach, the sustainability
is considered holistically as the trade-off of different design aspects (pillars), namely performance, cost,
environment, social and circularity. The main output of this approach is the holistic Sustainability Index (SI)
that evaluates the design variant’s sustainability on a relative scale from 0 (lowest) to 1 (highest). This
approach reflects degrees of sustainability rather than absolute values, as results are always referenced to a
baseline [5]. Social pillar is not considered in the current study, since social acceptance is generally tied to
complete products that satisfy user needs (e.g., cars, aircraft, ships) rather than to individual components. At
the component level, such as A-pillar component, it remains unclear how social impact can be meaningfully
quantified, making environmental, economic, and performance factors the primary focus here.

In this report, a demonstration of the developed Graphical User Interface (GUI) tool is presented for
assessing A-pillar design variants. The dataset used to feed the GUI is generated through finite element (FE)
simulations conducted in ANSYS 2024R2 [5], focusing on three-point bending of the proposed design concepts.
The simulations evaluate not only the mechanical performance metrics of each A-pillar variant, but also cost,
environmental, social, and circularity design pillars metrics. Key output indicators include maximum bending
stress (MPa), total mass (kg), CO, emissions (kg/ CO,), and total cost (€) for each design variant.
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2. DEMONSTRATION OF THE DIGITAL DESIGN TOOL

The digital platform opens with a home page that provides an overview of the tool’s objectives and
functionality, introducing the user to the interface and its capabilities.

¥ = X

Overview | APillar Design | Criteria Selection | Stakeholder Priorities | Decision Analysis | Sensitivity Analysis

Welcome! [Femitohosss |

Decision Suppart App Overview

1) The Criteria Selection Tab
The current tool could work with any xlsx file that uses the template provided in this tab. In this tab

the user can load the excel file that contains the information for the conceptual designs, select the pillars
and subpillars needed for the sustainability analysis and preview the selected data on the table bellow.

2) Definition of the Stakeholders Priorities between the Criteria
I this tab, following the selection of the preferred pillars and subpillars for the analysis, the user

can define the preferred priorities between the pillars selected using the sliders on the left. The definition

of the final weights of each Pillar is based on the Analytical Hierarchy Process (AHP) and the sliders are used
to replicate the Saaty-Scale. The calculated weights are displayed in the pie-chart on the right and under
the pie-chart is the consistency index that is used to determine whether the definition of these weights is
correct.

3) Extraction of the Sustainability Index for the Designs

In this tab, following the selection of Pillars and Subpillars and the definition of the stakeholders priorities,
the user defines which MCMD methodology want to use to perform the holistic sustainability assessment.
The normalization used is the min/max normalization. The results are displayed in the bar chart below, and
this ranking could provide valuable insights in order to assist a possible decision for specific conceptual
designs.

4) Sensitivity Analysis on
In this final tab, 2 sensitivity analysis is performed on subpillar of each metric in order to identify

the robustness of the Sustainability Index derived in previous tab. The methodology accounts for derivation
of 1%, 5% and 10% on the initial values st on the loaded excel, and calculates the sustainability indexin
1000 simulations in order to ensure that the index stays within the required ranges.

® 2024 University of Patras | Holistic Sustainability Assessment App GitHub
Figure 9. Home page.

Next, the user configures the A-pillar design variant by selecting its individual components, beginning with
the cross-sectional profile of the metallic base (Circular, Trapezoid, or Rectangular). This selection
subsequently defines the available options for the composite layer and composite rib structure.

"%, Excel Criteria Selection = z

Overview | A Pillar Design | Criteria Selection | Stakeholder Priorities | Decision Analysis | Sensitivity Analysis

Conceptual Design Selection

Z =

Circular Geometry Rectangular Geometry Trapezoid Geometry

® 2024 University of Patras | Holistic Sustainability Assessment App GitHub

Figure 10. Geometry - Cross-sectional profile selection.
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Subsequently, the internal rib configuration is selected, choosing among rectangular, triangular, or cross-
rib layouts.

“3% Excel Criteria Selection
Overview | APillar Design | Criteria Selection | Stakeholder Priorities | Decision Analysis | Sensitivity Analysis

Conceptual Design Selection

Proceed to Next Step

Selected Geometry

4

Circular Geometry

Selected Rib Type Selected Metallic Base Selected Composite Layer

Selected Composite Ribs
(o rib type selected)

(no metallic base selected) (1o composite layer selected) (1o composite ribs selected)

Rectangular Ribs Triangular Ribs Cross Ribs

©2024 University of Patras | Holistic Sustainability Assessment App

GitHub

Figure 11. Geometry — Rib structure layout selection.

The platform then guides the user through the material selection for each component (metallic base,

composite layer, and composite ribs). The available options include commonly used metallic and composite
materials applied in modern automotive structures.

g

2. Excel Criteria Selection

Overview | A Pillar Design

Criteria Selection | Stakeholder Priorities | Decision Analysis | Sensitivity Analysis

Conceptual Design Selection

Proceed to Nex Step

Selected Geometry

Circular Geemnetry

Selected Rib Type Selected Metallic Base Selected Compesite Layer Selected Composite Ribs

Rectangular Ribs

Dual Phase 500 Steel

E-GFRPA S-GFRPA
Table 1 — Metallic Base Properties

Table 2 — Composite Properties

Properties DP500

Voung Modulus, E (GP3)

Properties E-GFRPA S-GFRPA
210 Longitudinal Stiffness (GPa) 303
Density, p (kg/m3) 7850 Transverse Stiffness (GPa) 232 8
Yield Strength (MPa) 385 Density, p (kg/m3) 1800 170
Tensile Strength (MPa) 483 85
Compressive Strength (MPa) 185 85

® 2024 University of Patras | Holistic Sustainability Assessment App

GitHub

Figure 12. Materials selection.
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Once the A-pillar configuration is defined, the platform proceeds to the selection of holistic sustainability
pillars and metrics that will be used for design evaluation. Appropriate weight factors are then assigned using
the Saaty scale, reflecting the prioritisation of the design objectives for each case.

% Excel Criteria Selection

Overview | A Pillar Design | Criteria Selection | Stakeholder Prioritics | Decision Analysis | Sensitivity Analysis

@D Circularity

5 Social Impact

Sub-Criteria

Performance

SF_metallic_bending
SF_metallic_buckling
Linear Buck_Tst
Modsl_tst

Total Mass[kg]

Environmental Impact
@D Total Env. Impact (kg/CO2]
Cost

@D Total Cost [€]

Circularity
@ Gircularity [-]

Criteria Design Variant 1 Design Variant 2 Design Variant 3 Design Variant 4

SF_metallic_bending - 152 1.09 0.89 1.08
SF_metallic_buckling 1.56 133 119 141

Linear Buck_1st 21571.0 21575.0 21577.0 20878.0
Modal_1st 42428 406.69 395.13 302.71

Total Mass[kg] - 0.6213742 0.3150342 0.2591042 0.578146
Total Env. Impact [kg/C0O2] - 27.177181719999997 15.58656172 16.39405072 253910136
Total Cost [€] - 36.7417909 30.733096900000003 30.176175299999997 38.47061925
Circularity [-] 0.7533624666102963 0.5133315467336363 0.4085229031408925 0.705790578850325

® 2024 University of Patras | Holistic Sustainability Assessment App GitHub

Figure 13. Sustainability metrics selection.

“%. Excel Criteria Selection

Overview | APiller Design | Criteria Selection | Stekeholder Priorities | Decision Analysis | Sensitivity Analysis

Define the weights for each Criteria using Saaty Scale

Select Policy:
© CustomPolicy | Performance Based | CostBased || Environment Based | Circularity Based | Social Impact Based

Performance vs Environmental Impact
! Criteria Weights

Performance vs Cost

Performance vs Circularit:

Z

Emironmental Impact vs Cos

Emironmental Impact vs Circularity

Cost vs Circularity

|
| 1

Criteria
Emm Performance B Cost
B Environmental Impact Em Circularity

A Consi Ratio: 0.000

© 2024 University of Patras | Holistic Sustainability Assessment App GitHub

Figure 14. Sustainability pillars weight factors selection.

Finally, the Sls for the examined design variants are calculated and displayed, along with a ranking of all
alternatives in descending order. A sensitivity analysis is subsequently performed by introducing 1%, 5%, and
10% variations to the input metrics, allowing assessment of the impact of these changes on the final ranking.
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*%% Excel Criteria Selection - x
Overview | A Pillar Design | Criteria Selection | Stzkeholder Priorities | Decision Analysis | Sensitivity Analysis

Decision Support Analysis

Select Decision Method:
© Weighted Sum Method | | Topsis Method | mTapsis Method

Weighted Sum Method
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© 2024 University of Patras | Holistic Sustainability Assessment App GitHub
Figure 15. Ranking of the design variants.
%, Excel Criteria Selection — e
Overview | APillar Design | Criteria Selection | Stakeholder Priorities | Decision Analysis | Sensitivity Analysis
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© 2024 University of Patras | Holistic Sustainability Assessment App GitHub

Figure 16. Sensitivity analysis.

The current library of geometries and materials can be progressively expanded with additional variants
and materials, as well as new structural component types. This will further demonstrate the flexibility of the
digital platform, enabling broader applicability and richer design exploration capabilities.
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