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oil4 - Modeling

ol

7|5F8HA H| A S Hyperelastic
N\
HEH S (Finite Strain Theory)
HK| '\ \ l
x| % T § :
=T Green — Lagrange, strain tensor

- > &, 1 du; OJdu; Jdu,du
- S S-L- l+ J + k k

0 =2Gx, Yax, Y ax, 0x,)

¢

Hyperelasticity Primer, (R.M.Hackett) — Chapter 2 (Strain Measures)
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2 5|4 - Modeling
ME (hyperelastic) o HIMEN & HIY=

laws for hyperelastic materials

_ _ 1
U=Cio(I; =3) + Cyp;(I, —3) +=(J — 1)?
- Neo-Hookean o oL D
- U: S0 HX| =S
- Mooney-Rivilin CD: |2 A&

| - Deviatoric Strain Invariant

- Polynominal from of order 2 1 Elatic Volume Ratio

- Reduced poluminal form of order 2

- Yeoh

- Aruda-Boyce
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2 oil4 - Modeling
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o4 - COMSOL(2D)

Geometry & Constrain

¢ Graphics ¢l Convergence Plot 1 = g 4 533 Solid Mechanics {(solid)
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o4 - COMSOL(2D)

Mesh & Result

=2
para(2)=2 Surface: von Mises stress (N/m?)
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para Reaction force, y component (M), Point: 11 ‘
0.0000 -4390.5
2.0000 -4635.8
4.0000 -4878.8
6.0000 -5119.7 "
8.0000 -53585
10.000 -5585.2

TIREQ

Bpislliacs 300



o4 - COMSOL(3D)

Geometry & Constrain

4 5=2 5olid Mechanics solia)
tam Linear Elastic Material 1
‘e Free 1
i Initial Values 1
I&= Hyperelastic Material 1
> mw Contact 1
= Boundary Load 2
mw Prescribed Displacement 1
mw Prescribed Displacement 2
i Fized Constraint 2
I&= Hyperelastic Material 2
m Attachment 2
mw Boundary Load 4
I Frescribed Displacement 3
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H4 - COMSOL(3D)
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o4 - COMSOL(3D)

Result

b Graphics ¢l Convergence Plot 1 = O
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Messages | Progress Log |HH Table 3 22 = 8 .
1 - - — o
M R |\ TEENRE & - ‘/
—Yy 0 para Total contact force, z component (M) ‘.‘_ :
' 00000  -30008 2
Z 2.0000 -3300.8
40000 -3641.2
6.0000 -39945 < _
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i - COMSOL

Stiffness (2D & 3D)

vertical stiffness

%108

vertical stiffness-inflation pressure

2.8

2571

24r

22qr

21
20

28 30 32 34 36
inflation pressure

2D

38

40

vertical stiffness

%10°

vertical stiffness-inflation pressure

2.4

21

187

1.7

20

28 30 3z 34 36 38
inflation pressure

3D

40

Bppislliacss 2000



TIREQ

Distertional

Vertical

Fig. 4 Vertical. lateral and distortional stiffness of a
tire
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ol - COMSOL & AMESIM

RIDE COMFORT

[rull]
1.0

— piecewiselinear_13 - user defined duty cycle output [null]
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b i

# Time [s]

|— mass2port_3 - displacement port 1 [m] |
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*: Time [s]
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— step_12 - step output [null]
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— mass2part_17 - displacement part 1 [m]
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ol - COMSOL & AMESIM

RIDE COMFORT

Tire inflation(psi) 20 24 28 32 36 40
Stiffness(kN/m) 150.0 165.5 182.1 199.7 2184 237.9
Frequency(Hz) 0.949 0.953 0.956 0.957 0.961 0.962

=5 52t HOl|M 7[5,

RIDE COMFORT+= EtO|0{ 57| &0]| Hi| |
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o4} - MATLAB
RIDE COMFORT 1 j0hz a0l 2 Lo 74 g
A
~ ™
o - ”I‘ufar|amnl-31bslpr|n:g ll_bﬁsltalnltl - RR %7'_-6'_ E MagnltUde %7'_
| ki =150040 h.':m |
" = o rp = RskKi
i a~2te0um| | K, + K;
kt =237825N/m . .
50T 1 K; : Suspension Stif fness
S ol K; : Tire stif fness
.§1 ol
= Bode
20-r 47' | | I
10 |
or 7l o
. -l o
g I " s - wt ’//
TIREG m " ey g1 " " s

v‘p-b‘«u..' P



4 - AMESIM
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SLIP ANGLE
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o4 - AMESIM

SLIP ANGLE

inflation pressure 24

| Zokd QrE0rZICt
T 1 _T——. (Slip angle &71)
cornering stiffness Zt4

_*

CORNERING FORCF, kN
1

Inflation(psi)  Cornering stiffness Slip angle

20 34407 -1,43807 degree
L. o e 24 38229 1,36402 degree
28 42052 -1,29721 degree
32 45366 -1,24438 degree
36 47914 ~1.20659 degree
40 49698 -1,18147 degree
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(=) Traction (= Response )
(*) Damages © Performance g:’
(+) Harsh and Noisy Q) Safety -
© comfort © Handling
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