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 Frictional contact (ALM+mortar)

* Finite Strains

« Composite materials

* Incompressible matrix + synthetic/metal fibers (hyper-elasticity)

A numerical framework for modelling tire mechanics accounting for composite materials, large strains and frictional contact, A. Cornejo, V. Mataix, P. Wriggers, L. Barbu and E.
Ofate, Computational Mechanics (2023) https://doi.org/10.1007/s00466-023-02353-4
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Challenges

To efficiently model tires we need:

« Combine incompressible rubber and stiff cords
(x10000 stiffer)

» Large displacements and finite strains in composites

« Micro-buckling of the fibers

« Automatic orientation and combination of fibers
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Constitutive model for tires
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Quasi-incompressible rubber (Neo-Hookean)

. - 1
V=04 W = Ci(l’ =3) + Sk = 1D?

where C; = /2 (Lamé constant) and 7, él) = J2/3 Iél)

Differentiating with respect to C (Cauchy-Green tensor):

1
S =207 231 - 5IC@”C—I) — pJC!
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Constitutive model for tires
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To deal with incompressibility locking: Total Lagrangian mixed u-p element

ext int
KHH Kup ﬂll f fu

K,. Ky, ||Ap 0 £

Since pressure is ctant within the FE we condensate DoFs

KAu = £ — "

= —rT int __ sint —1 pint
K — KHH - Kup Kpp KHp f T fu KHﬂKp;] fp
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Constitutive model for tires

Schroder J et al (2021) A selection of benchmark problems in solid
mechanics and applied mathematics. Arch Comput Methods Eng
28:713-751

Disolocement Mognitude
2002002
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(a) Implemented FE, coarse mesh (b) Implemented FE, refined mesh (c) Schroder et al.

The dimensions in mm are: h = 50, w = 50, | = 50, a = 25, b = 25 and the load g = 3 MPa. Lamé
parameters of the material are A = 499.92568 MPa and p = 1.61148 MPa.
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Fabric and steel fibers: Compressible New-Hookean

C
V=i =3 - Cin) + S - 1)
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Composite materials modelling: Serial-Parallel Rule of Mixtures

‘Ep =/Ep ="Ep
Parallel behaviour :

‘Sp="k'Sp +"k"Sp
By = kTEg +"kMEg

Serial behaviour :
CSS _ fSS — JHSS

—

~ E=E,+E,, S=S,+8S,

SPC
¥

sp
(:f spcm X
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Since the stiffnesses are very different: Unstable

‘Ep =/Ep ="Ep

Parallel behaviour :
‘Sp="k!Sp +"k"Sp

Es ="k TEg + "k "Eg

Serial behaviour : {
SS _ %_ m SS
C C
//// + @

~ — | S=TkUS) + "k("S)) + S,
L. -
SPe . ‘ — -
/\ Parallel behaviour Serial behaviour
y

sp
(:f spcm X
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What if we have several lavers?

Algorithm 1 Multi-layered composite material constitutive law integration.

procedure — INSIDE INTEGRATION POINT LOOP WITHIN THE ELEMENT.
Rotate F and/or strain E to elemental local axes — “E,.
for layer do
Rotate local elemental strain E;,. to layer local axes — Ejqy 10c
Integrate the constitutive law of the layer, simple material or SP-RoM algorithm — Sjuy 10¢
Rotate layer strain and stresses to global layer axes, — Syqy giob

. . C _ n l
Compute composite stress S = Elayer:() YE Siay,glob
Rotate F, strain and stress to elemental global axes — “Sg0p

S=Tk(’Sy)) + "k("S,)+ ™S,
< y y ——

[ Parallel behaviour Serial behaviour
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Augmented Lagrangian Multipliers + Mortar gap estimation

Xn * 6gn + kgna)\‘n + i‘[ * SVT,FC’;{ + V‘r,_ref * 614" ) if ”i’l' ” S _ﬂ)_\.n (COI’ltaCt StiCk ZOIle)
— — 7 klr‘l‘.ufinl-‘—r — - [
SLco(u, X) = fr ) AnO8n +kgndhy — uan;—’uévr,m — T"““axr if |A|| > —uA, (Contact slip zone) dI';,
Bk, — o, if &, > 0 (Gap zone)
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Numerical example
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Tire simulation: Goodyear 195/65R15 tire

Holscher H et al (2004) Modeling of pneumatic tires by a finite element model for the development a tire friction remote sensor. In: Center of
Advanced European studies and Research
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Numerical example
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Tire simulation: Goodyear 195/65R15 tire

Steel belts

[Tread ]
Layer Id Layer volumetric Euler angles ~ Matrix material, Vol. Fibre material, Vol.
participation participation participation
| 1.0 (0,0,0) Rubber (tread), 1.0 -
[Sree!/ﬁbre composite (tire core) ]
Layer Id Layer volumetric Euler angles ~ Matrix material, Vol. Fibre material, Vol.
participation participation participation
1 0.5 (0,0,0) Rubber (core), 0.84 Fibre cords, 0.16
2 0.25 (0,20,0) Rubber (core), 0.828 Steel belts, 0.172
3 0.5 (0,-20,0) Rubber (core), 0.828 Steel belts, 0.172
[S:'dewa!! ]
Layer Id Layer volumetric Euler angles ~ Matrix material, Vol. Fibre material, Vol.
participation participation participation
1 1.0 (0,0,0) Rubber (sidewall), 0.62 Fibre cords, 0.38
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Numerical example
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Tire simulation: Goodyear 195/65R15 tire

% i &
® ® ®
(a) No internal pressure (b) Internal 2.5 Bar pressure (c) 2000 N force (d) 4000 N force
22.5
@® Experimental, 2 BAR
20.01 @ Experimental, 2.5 BAR
@® Experimental, 3 BAR
17.59 —— Numerical, 2 BAR
_ —— Numerical, 2.5 BAR
E 1509 — Numerical, 3 BAR
' AUGMENTED NORMAL CONTACT PRESSUR Rl
4 = 12.5-
;11761895 9
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e § 10,01
[
47043845 [1}]
588040+5 (] 7-5 T
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z::!:u-lillmlum'ENVFDM)‘VJL CONTACT PRESSURE YATONm0 @ 2‘5 T
(a) 2000 N reaction force 0.0 . ; . . : T 1
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

Force [N] le3
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Tire simulation: Goodyear 195/65R15 tire

(a) No internal pressure (b) Internal 2.5 Bar pressure (c) 2000 N force (d) 4000 N force

le-1

—2.85

—

E

e

3

© X X h'd

£ K >
st

3

2 » 0MN-2Bar Simulated

~N —— 0 M -2 Bar Experimental

> 2000 M - 2 Bar Simulated
—3.10 7= 2000m- 2 Bar Experimental
¢ 2000M - 2.5 Bar Simulated
— 2000 N - 2.5 Bar Experimental
—3.15+ X A000N-2 Bar Simulated
—— 4000 N - 2 Bar Experimental
4000 M - 2,5 Bar Simulated
4000 M - 2.5 Bar Experimental

-3.20 T T . T
-0.10 -0.08 -0.06 —0.04 -0.02 0.00
X coordinate [m]
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