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Abstract

Deliverable D4.2, titled “Conference Disseminating Parametrized Test-Benchmark”, as part of WP#4 of
the Fun4Design project, aims to present two different parametric studies, with an emphasis on
mechanical components such as an A-Pillar structure and a hat-stiffened panel. These numerical
studies were presented at two International Conferences.

This deliverable provides a brief introduction to the conference papers and includes the presentation
slides.
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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

The submitted conference papers focused on disseminating the outcomes of the Fun4Design project. In MO9,
the conference paper (C1), titled: “Investigation of Structure Property-Function (SPF) Relations in A-Pillar
Frame Design”’ was presented at the Tenth International Conference on Engineering Failure Analysis (ICEAFX).
This research focuses on exploring and establishing Structure-Property-Function (SPF) relationships
integrating Environmental Impact for Sustainable Design. Three design configurations for the base profile of
the A-Pillar were investigated using automotive materials and compared with the reference case through a 3-
point bending Finite Element (FE) model. For each simulation, both mechanical and non-mechanical properties
were predicted, examining how the A-pillar shape and material configuration affect performance and
environmental impact

In M15, the conference paper (C2), titled: “Sustainability analysis and comparison of thermoplastic and
thermoset aircraft component designs”’ was presented at the “Towards Sustainable Aviation”” Summit
(TSAS2025). This research was conducted on a hat-stiffened panel by developing a simulation model using
Finite Element Analysis to determine its mechanical properties under multiple material combinations suitable
for aerospace applications and typical loading conditions. Different material configurations were tested
numerically with emphasis on the sustainability design. Particularly, Response Surface Model from ANSYS
provided the desired metrics for I) Performance, Il) Cost; lll) Environmental Impact; IV) Circularity and V) Social
Impact. Taking the above into account, thermoplastic fiber-reinforced polymers (when hydrogen was
considered as fuel) provide more sustainable results when equal weighting was applied, whereas thermosets
(also with hydrogen as fuel) appeared more sustainable when environmental impact was prioritized.

Details of the Conference Presentations can be found in Annex 1 and Annex 2.
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ANNEX 1: Conference Presentation (C1)
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Investigation of Structure-Property-Function
(SPF) Relations in A-Pillar Frame Design

Anastasios Zavos' Dionysios Markatos' Thomas Kalampoukas'

Spiros Pantelakis' Angelos Filippatos'
'Department of Mechanical Engineering and Aeronautics,

ICEFA X
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University of Patras, Greece
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Fund4Design proposal

Title: Function-oriented, Multi-material Design Of Sustainable Mechanical Systems
Acronym: FundDesign
Duration: 2023-2025

Call: Basic Research Financing (Horizontal support for all Sciences), 3
National Recovery and Resilience Plan (Greece 2.0) > . =
Type of Call: Funding New Researchers - RRF: Basic Research Financing (Hofl sUpport for all Sciences)

Coordinated by: Department of Mechanical Engineering and Aeronautics, University of Patras
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1. Develop for the al design of systems.

2. Integrate and ri into the early design phase of hybrid components

isi f-th

3. Create a d king tool utilizing stats machine learning algorithms to enhance the acceptance and
implementation by design engineers during the concept design phase
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A FundDesign Workpackages (WPs)

WP_2: Analysis of main and secondary functions for
representative geometries in a-pillar structure (1]
Rb stucure

WP 3: Physically-based investigations of Structure-
Property-Function (SPF) relationship
«  A-pillar Geometry

 Material choice Fommdern)

wih fass fibers (GF)

—
- O Sreae A ot SPF relations
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i
S—— Base profile Sustainabiity
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WP 5 & 6: Development of a GUI-tool Using
ML-algorithm for Sustainable Design
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WP 4: Parametric design and simulations for
database geperation
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Objective

Establishing a common interface between Structure, Property and
Function (SPF) for automotive applications to enable design using
multifunctional materials, a

unit.

Test case: A-pillar structural component with
muttifunctional materials

Can we achieve a target level of sustainability without
disturbing the structural performance of a component? |

Requirements
Structural

Target State
« The outer geometrical dimensions of the
structure should remain the
same
+ No damage occur (1.5<SF<2.5)
+ Mass in specific range (340 gr-680gr)
Identify relationship between material
properties and functional requirements

Environmental
Sustainability

© HERl

ICEFA X
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Design and methodological approach

1 Structural
Support
natural frequencies

energy absorption
_>’m obstruction angle Enwiwnmg“t"'\
[EAST method

FAST (Function Analysis System Technique) method significantly contributes to defining, analyzing, and understanding
product functions
+ This method discerns higher-order, lower-order, and intermediate primary and secondary functions.

torsional stiffness ‘ | mass |

Composite

bending stiffness &
materials

A-pillar Base
Design

thickness of

% @) FundDesign

Design Methodology Summary

List of Requirements

Draft Solution

@ Describe the problem ///
« Represent the a-piliar /
7 &

Validation

+ Compared results according
to the original requirements.

05

component as abstract
functions

Rank the scenarios @ Develop the model

 —
| 9, e scenarios

1 + Perform post-process analysis

+ Parametrize the model
+ Validate the nominal scenario,

@ crea

« Perform parametric FEM simulations

parametric space

L2 ~ i
Materials (Target: No damage occur)

Properties Functions

—

I
1
B
1

Composite ayer

# Base profik:
Steel (DP500)

JrENpTr—

vironmental
Sustainability

s Model parametrization and
~ design scenarios

A-pillar base geometry modifications

Foil i

G1

oot

G3

Representation of material inputs
and thickness variation

G2

Material modification (see Appendix A)

External thickness

M, Steel (DP500) (TUD)
L] AP ARRE g Internal thickness
M, Magnesium Aluminum AZ91D
C, [Composite, Woven fiber, |[
Y biaxial
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Mesh discretization

o 30,000 hexahedral elements

in base profile

o Element size = 1.5 mm

Boundary & Loading Conditions
o 3-point bending

o 2 fixed supports and input load of 650 N
Applied loading conditions:
o Bending

Analysis

o Static analysis

o Modal analysis
Parametric FE model

o Input geometry

o Define material properties 3
o Extracted results (bending stress, strain energy, modes)

FEM ion model

Greece 2.0 [ ==

@) Fun4Design

Results for Structural performance

illar metri ——Steel (DPS00) = - 11 T8
GO_REF 61 = Sirucral |
] /
62 63 i High
]
z
3 Target State
Material properties 3 Fe23
]
M, Steel (DPS00)
M, Aluminum 6111 T8x 1 2 3 . s . 1
! external a piar thickness (mm) Low
M, Magnesium Aluminum A2910 + Generate scenarios for all materials and geometries

+ A-pillar geometry, thickness and material properties affect

the structural performance
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Results for Structural performance

Properties to Functions ——Steel (DPS00) == Aluminum 6111 T8x  ««++Magnesium Aluminum AZ91D

300 12
- Stru:tural Mass
£ 250 High L
Z Target State g 2 =
& | g 0g £
B 4
-—— | & 8
2 150 A —— i — 5 2
-
— — g 100 g 04
8 ¢
2 50 — j . 02 &
[ <8 0
ructural & Lightweight

external a pmarm ickness (mm)

Al running geometries (Reference, rectangular, semi-circular, and trapezoidal) using three different materials (steel, aluminum, and
aluminum) satisfy th function but ot the lightweight function.

Structural & Lightweight functions are satisfied only for the reference geometry using all materials. For other tested geometries,

these functions are satisfied only when using aluminum and magnesium aluminum.
.
Greece 2.0 [ =i
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Results for Environmental sustainability

© s

Properties to Functions ——Steel (DPS00) = = MTBX o Aluminum AZ91D
45
40 Reference
35 \ e

Nw
28

02 faotprint (kg)
~
8

3 &

Structural & Lightweight
invironmental
[remp——L

3 4
external a-pillar thickness (mm)

Structural & L & functions: These functions are satisfied using the reference geometry

for all materiais. However, for rectangular, semi-circular, and trapezoidal shapes, these functions are specifically achieved using

Aluminum 6111 T8x and Magnesium Aluminum.

Structural & Environmental functions: These functions are only satisfied for semi-circular shapes with a variation in thicknesses

from 2.3 mm to 2.7 mm (indicated in the green area),

0 [

Fun4Design
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Structural-Property-Function (SPF) relations was investigated for each alternative a-pillar design:

Conclusions

« Structural function of the base a-pillar was preserved:

+ Same outer geometrical dimensions of the structure

« Safety factor within limits (1,5<SF<2,5)

+ Mass in specific range (340gr-680gr)

« Different geometry and material data were compared and discussed
- Different geometry configurations always influence

« structural,

« lightweight and

+ environmental sustainability functions
« Composites impacts structural function,

+ New design configuration leading to mass minimization

Future Work - A-pillar Conceptual Design @) FundDesign

and Sustainability

- -~y
-, ~
’

’

3
Dataset of materials with described
SPF-relationships
Effect of recycled materials on SPFs
Development of a GUI-tool for
Sustainable index prediction

Simulation of full geometry in a-pillar design

Performance

Costs

Environment clnularlly

+ @S O Q
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The research work 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.I. Project Number: 015672).
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ANNEX 2: Conference Presentation (C2)

UNIVERSITY OF A ¥
O PATRAS E

Mechanical Engineering & Aeronautics Department

University of Patras

Sustainability analysis and comparison of
thermoplastic and thermoset aircraft component
designs

Dr. Dionysios Markatos, Prof. Ang Ms. Athina Theochari, Prof. Spiros Pantelakis

Department of Mechanical Engineering & Aeronautics, Unive as, Greece

3AE  TSAS2025

Sustainability considerations

¥ Sustainability in the aviation sector typically
refers to environmental sustainability, with a
primary focus on the carbon neutrality of the
industry.

% Currently, weight reduction and cost efficiency
are the main factors influencing the design
process in aviation.

.

Considerable progress has been made in eco-design, also evident in initiatives within the
aviation sector such as Clean Sky 2 and Clean Aviation; yet, ecoDESIGN approaches are still
hardly integrated in the aviation sector.

Eco-design standard: 1SO 14062:2002 - EN ISO 14006:2011

Eco-design is understood as the integration of environmental aspects into product design and development,
with the aim of reducing adverse environmental impacts throughout a product’s lifetime.

ATRAS

Sustainability considerations under a holistic
perspective

has been prop

“A product or a technology can be considered as sustainable if it is

competitive in terms of:

« performance, compared to similar products/technologies in the

market

financial, social, and ecological viewpoint,

« with the latter including both the environmental impact and
circularity”

S“sm'mab'l\-\w

13 Mrkats, . . & Panilas. . G. (2022) o
141 Fippotos, A. Wkatos, D. Tz, G. Abhyankar, K. Maelal 5. Gude, . & Pantelkis. . (2020

© At

derospce 92, 52 o
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Aim of the present research

% The present work aims to compare the sustainability of fuselage
components made by and  ther i ites by
asustainability-driven design

% The framework addresses a range of sustainability-related pillars, including
performance, ecological impact, circularity, economic viability, and social
acceptance, by integrating them into the early design phases.

% A sustainability index previously introduced by the authors is integrated in
the design and is regarded as a single-objective function to be optimized.

% To demonstrate this approach, a typical aircraft component, namely a hat-
stiffened panel, has been considered.

oy ™
O &

Sustainable design

© R

3\E  TSAS2025

> Thermoset fiber-reinforced polymers are rigid, with their
structure being highly stable and resistant to heat and solvents.
However, they cannot be recycled. Currently, they are used in
primary structural components.

» Thermoplastic fiber-reinforced polymers on the other hand are
more impact-resistant and can be recycled; thus, they provide

environmental benefits and long-term reductions in production
costs. Yet, they present i i i ies for
specific applications and can be more expensive than traditional
materials.

> Potential trade-offs between performance, cost, and sustainability

must be carefully considered in the design process for both kinds
of materials.

Composites in the aerospace industry

© earias

A proposed index to measure sustainability

SI= (KpX P) + (Kex €) +(Kpx 1‘5) + (Kerre X CII‘RC) +(Ksocx SO‘C)
\ \

["Social Tmpact/4

Sustainability Performance | | Costs Environmental ceptance
Index Criteria | Criteria Impact Criteria Performance Criteria Criteria
| |
e, | & |
el x@ I | &%
+ A hybrid MCDM (AHP + Weighted Sum) is proposed to obtain the metric of | Numerical value efinition
sustainability. 1 :qual imporiance
3 Vioderate importance

Demonstrated importance
Absolute importance
Intermediate values

+ Kn Ko, Ky, Kape and Ko, are subjective weight factors obtained from the AHP (Analytic |
Hierarchy Process) Saaty scale, reflecting the importance of each term to the overall Index
value.

+ Amin-max normalization is employed to normalize the considered metrics to a 0-1 range.

[@ )54

Sustainability as a design criterion =

¥ The sustainability pillars are expressed through metrics that are application-dependent and
assessment level dependent (component, system, subsystem, structure, etc.)
% Life cycle assessment is employed for the respective product or technology under investigation.

e =
w noE oA
Mechanical properties Costs o Recyclability Social impacts

safety requirements

s0c =) hotspots,
=

< Z,’..""'"”") E=5040m,+ €0y) CIRC = 1~ (p + I (Loetetritn

o3 ()

Demonstration of the methodology: Hat-
Stiffened Panel

30E  TSAS2025 :*

Multiple material combinations, appropriate for aerospace
applications have been considered

No Skin Stringer

Use case: Hat Stiffened Panel

Carbon Fiber
Reinforced Polymer-

Carbon Fiber
Reinforced Polymer-

Epoxy Resin Epoxy Resin
Carbon Fiber Carbon Fiber
Reinforced Reinforc:

Thermoplastic
Polymer- PEEK

Thermoplastic
Polymer- PEEK

1
Layup for both composite types:
[0, +45,0,90,0125

Reference case

% Canwe achieve a target level of sustainability without disturbing the structural performance of a component?
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Research & Innovation

Greece 2.0

NATIONAL RECOVERY AND RESILIENCE PLAN

Funded by the
European Union
NextGenerationEU




D4.2 - Conference disseminating parametrized

@ FundDesign test-benchmark

Boundary Conditions, Loads and Circularity Performance Assessment

Parametric Design

Parametric Design Requirements
Comstraints | Variables | Farameters Structuoral Sustainabiity
Circularity Performance is assumed to be
Tt Toul Winmizationol | Mineizaton of . fih 1 b
i Detormation | Total Deformation costs independent of the geometrical ut Material Type Quality Reduction after
3-8mm Vamuaton of | Wrmzatonof dependent on material choices. aording
Mode ronmental
Thicknessof | DTS | egentrequancy mpact CFRP 18.38%
ginger . SafetyFactor: 115, | Masimaaconof
= 38mm | Messorsun i e specific stiffness CF/PEEK 21.78%
Crown width "
3 Mai ot sotrges octur socal npact . Configuration
CIRC=1- ®+2,, ecycled.~E'vi )) . il p
Ty e e Lﬂy,,mn. Skin Material Stringer Material
NA 57985 CFRP CFRP 0032
e~ Kerosene 597057.985 . .
* Volume fraction of matrix CF/PEEK CF/PEEK 0.445
Hydrogen dimend ciond divided by the numbor of materials
[ 190963 2218 that cannot be recycles
Kerasene 15503 w2
Hydrogen 7as0583 752183

® s

Optimization Procedure

Social Impact Assessment

% Social Life Cycle Assessment (S-LCA) is a methodology to assess the social impacts of products and services across their 7
¢ . \nsvs IMULINK

life cycle (e.g. from extraction of raw material to the end-of-life phase, e.g. disposal)

W The S-LCA framework calls upon a stakeholder approach where the potential impacts on different stakeholder 3 “‘E
categories are considered. o =

¥ ANSYS sLCA tool is used to obtain social hotspots related to the components’ materials and the nations from which have '

been sourced. —
> crer cree S n Sy oy
O i i :
o e | o
RO P [ p—— e
o
tomee [ e | 0| o |0 0 |
Only the optimal scenarios ey Na
for each ‘°”25“‘:"°" ane == I I P P e % Response Surface Models from ANSYS to Simulink.
considere :
= Cortea rer * Full factorial design to obtain the of thy dered / material
S| G [ & v [ v 0 (e
premres % Response Surface Model provided the desired metrics for ) Performance, Il) Cost & i) Environmental Impact; V) Circularity & V) Social
cmr - 8. $ 2 : o1 4 Impact were imported manually into the dataset, as they are independent of the geometry, but dependent on the material.
Juowse 2 % Normalization of the metrics followed, and the Sustainability Index was calculated for an equal weights scenario

O

Sustainability Assessment Results Overview WE  TSAS2025 il Sustainability Assessment Results Overview ?
: Emphasis on Environmental Impact

Equal weights
[P —————
< e Material ' - ;- [
oo} 4 omine! Configuration & st g
§ Use Phase o
CHPEEK CFPEEK o
o] ' use phase 0751003 )
L Hydoogen) or 0894001
2 CF/PEEK-CF/PEEK 3 7
- ¥ oo el | \ CRIREEK.CFPEEK
e Fost \ 2 {use phase: 0802002
2 CFRP-CFRP g Hydrogen)
* ey SR, 3 A CRP.CRRPuse oo
ol ¥ phase: Kerosene) o
= it o | Y CFIPEEK-CFIPEEK
o1 4 luse phase: 0461004 o=
Kerasene) 0z il 4 use phase 0342008
1 2 . n CIRPCPRP symogm Kerosene)
L4 L e: e sac s o | Crmecr e apssyen

3 E c CIRC soc st
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Conclusions Acknowledgement

% Currently, thermoset fiber-reinforced polymers are utilized for structural parts of aircrafts; ongoing research

indicates that a shift to thermoplastic fiber-reinforced polymers could prove a more sustainable practice. The research work is implemented in the framework of H.F.R call “Basic research Financing (Horizontal support of all

¥ “Totransit from eco-driven to at design, an metric is utilized as a design Sciences)’ under the National Recovery and Resilience Plan “Greece 2.0" funded by the European Union -
o d NextGenerationEU (H.F.R.I. Project Number: 015672).

and for aircraft c and suuctures involving performance, environmental,
economical, circular economy, and social impact considerations

% We suggest that design configurations with the ‘best’ balance among the above criteria, when comparing these two /\ I— U n u D e Si n
’ 9

material groups, are offering the possibility to account for sustainability considerations from the early design stage.

Thermoplastic fiber-reinforced polymers (when hydrogen is considered as fuel) provide more sustainable results
when equal weighting is applied, while thermosets (when hydrogen is considered) appear more sustainable when Website: Fun 4 Design

environmental impact is prioritized.
Use phase dominates the lifecycle impact; hydrogen-powered aircraft proves to be more viable

" Further research should focus on reducing the cost and
advancing hydrogen technologies; also the effects of NOx and contrails should be considered.
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