e LIEGE université m/ e
b Library '

https://lib.uliege.be https://matheo.uliege.be

Travail de fin d'études et stage[BR]- Travail de fin d'études : Preliminary Design
of a Transverse Composite Leaf Spring for Electric Vehicles[BR]- Stage
d'insertion professionnelle

Auteur : Van Hulle, Samuel

Promoteur(s) : Duysinx, Pierre

Faculté : Faculté des Sciences appliquées

Dipldme : Master en ingénieur civil mécanicien, a finalité spécialisée en technologies durables en automobile
Année académique : 2022-2023

URI/URL : http://hdl.handle.net/2268.2/18334

Avertissement a l'attention des usagers :

Tous les documents placés en acces ouvert sur le site le site MatheO sont protégés par le droit d'auteur. Conformément
aux principes énoncés par la "Budapest Open Access Initiative"(BOAI, 2002), I'utilisateur du site peut lire, télécharger,
copier, transmettre, imprimer, chercher ou faire un lien vers le texte intégral de ces documents, les disséquer pour les
indexer, s'en servir de données pour un logiciel, ou s'en servir & toute autre fin Iégale (ou prévue par la réglementation
relative au droit d'auteur). Toute utilisation du document a des fins commerciales est strictement interdite.

Par ailleurs, l'utilisateur s'engage a respecter les droits moraux de l'auteur, principalement le droit a l'intégrité de I'oeuvre
et le droit de paternité et ce dans toute utilisation que I'utilisateur entreprend. Ainsi, & titre d'exemple, lorsqu'il reproduira
un document par extrait ou dans son intégralité, |'utilisateur citera de maniére compléte les sources telles que
mentionnées ci-dessus. Toute utilisation non explicitement autorisée ci-avant (telle que par exemple, la modification du
document ou son résumé) nécessite |'autorisation préalable et expresse des auteurs ou de leurs ayants droit.




a ¥ LIEGE

b université
FACULTY OF APPLIED SCIENCES

Preliminary Design of a Transverse Composite Leaf

Abstract:

Keywords:

Spring for Electric Vehicles

Samuel VAN HULLE
UNIVERSITY OF LIEGE - FACULTY OF APPLIED SCIENCES
Academic year 2022-2023

Supervisors: Pierre DUYSINX (ULiége) and
Emmanuel TROMME (ULiége/Toyota Motor Europe)

With growing demand in battery electric vehicles, car manufacturers are facing new
challenges in mass reduction and space optimisation of the suspension designs. A
possible solution to this problem is to integrate several suspension members into a
single, more compact transverse composite leaf spring. The aim of this Master’s
thesis is to develop a reliable and general analytical method allowing the computation
of a preliminary design for transverse composite leaf springs.

The analytical design methodology starts with the definition of the starting inde-
pendent suspension in which the leaf will be integrated and the choice of laminate
material for the manufacturing of the leaf spring. The possible designs of the leaf
based on the integrated suspension members are then established. The leaf is modeled
using classical beam theory and classical laminate plate theory together. A method
to compute the suspension forces graphically is then derived and paired with a two-
dimensional kinematic model of the suspension to fully determine the configuration
of the suspension along the wheel stroke.

This analytical method is then applied to the 2004 Audi A6, which has short long
arm suspensions on its rear axle. This results in two different geometries of the leaf
springs: one leaf of 11mm thickness, 100mm width and length of 1340mm, the second
one with the same geometry but a thickness of 17.3mm. This last leaf design gives an
equivalent roll stiffness of 936Nm /deg on the rear axle, as it integrates the anti-roll bar
properties. Kinematic performance curves of the transverse leaf spring suspension are
assessed and give similar/close results compared to the original coil spring suspension
design. For each leaf design, stresses are computed and the Tsal-Wu failure criteria is
verified. For all designs, the criteria is met.

Finite element analysis is performed on the obtained leaf designs. Using NASTRAN
SOL 402, assumptions on the large deformation of the leaf springs are verified. This
leads to the conclusion that the model used for the first leaf design has to be improved
when the leaf experiences very large deformations. On the other hand, the model for
the second leaf design can be simplified by considering that the large deformation of
the leaf is given by an equivalent rotating rigid arms. Modal analysis of the leaves
using NASTRAN SOL 103 shows that the natural frequencies of the leaves are all
greater than the frequency due to the road surface irregularities (12Hz).

automotive, suspensions, double wishbone, SLA, electric vehicles, laminates,
GFRP, CFRP, large deformations

Samuel VAN HULLE 1 August 2023



