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LEON-T investigates the relationship between the source, the transmission/fate and the
effect on the receiver of tyre related particles and noise.

Tyre noise
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Low particle Emissions and IOw Noise Tyres
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Component Type Properties
e Yield— 1455 MPa
e Ultimate — 1700 MPa
Rim and S1CrVia steel e E-21E5MPa
(quenched and annealed T
spokes £ 400°C) e Poisson’s ratio— 0.3
8 e  Structural damping —
1% [8]
Tread 100% natural rubber Hardness - 74 ShA
*  Quasi-isotropic lay-up
of 13 layers
e Density - 600 g/m2
Compocis | Gl |, fo (O sy
iber ring plastic o (appros)
e  Stacking sequence +-
45° outermost and 0°-
90° alternating.
*In simulation, composite fiber ring is modelled as
linear isotropic material
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Tire behaviour study
Stiffness § Modal Noise
Negative lateral load
‘ Radial load
' Positive lateral load

Longitudinal load
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30000 e 20000
. =
Static z ‘ % 15000
Emoao E
Stiffness & E 10000
2 10000 == +10% Young's modulus - GFRP: E = 106 Youngs modlus GFRP
Z L P S 5000 Nt Yook
- +10% Young's modulus - spoke E +10% Young's modulus - spoke
—— ~10% Young's modulus - spoke - —— -10% Youngs modiulus - spoke
uO 9 10 15 20 25 30 0 2 4 6 8 10 12
Radial displacement [mm] longitudinal displacement [mm]
Negative lateral load
Radial load
15000, 15000,
Z 10000 5 l
Positive lateral load g % 1000\
Longitudinal load £ 5000 S 5000
B — Positive lateral load B } -
E 0 — Negative lateral load g Mbdr i o i
Load T ffness (N/m I Tll‘;lq‘?;;zu:gg‘: ;1&1.‘:[:::5 i \ :PE.::; D';E{" E“f E“("E‘?mmmm
Airless tire Conventional tire 5000, 2 a 7= 8 10 12 'mﬂg 3 7 = 8 b e
Radial 10 =60 1000-1400 Lateral displacement [mm)] Lateral displacement [mm]
Lateral (+Radial) 9 1300 500
Longitudinal (+Radial) 9 1100 500
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Static
Key takeaway:
Negative lateral load
Radial load
Young’s ; Longitudinal
J g] e Radial force Lateral force f £
' Positive lateral load oduius oL Orce
Longitudinal load Composite No significant No significant
fiber ring effect correlation
No significant
Spoke
effect
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Points of
impact

¥ Location
" of impact

Reference/microphone point

Case 1: Impact on treads — results
from test and simulation compared

PERFORMANCE STUDIES: DYNAMIC o

Applied unit force (impact)
on the spoke and its direction

Case 2: Impact on spoke — Only
results from simulation are analysed

Applied unit force (impact) on the
composite fiber ring and its direction 3

Case 3: Impact on composite fiber ring —
Only results from simulation are analyzed
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Points of
i/ impact

| Location
of impact

Reference/microphone point

Case 1: Impact on treads — results
from test and simulation compared
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Spatial acen. g/N [dB]

— Simulation - 50% GERP struetural damping
— Simulation - GFRP Rayleigh damping

50 150 250 350 450 550 650
Frequency [Hz]

Case 1: Comparison of P for impact on tread P1

— Test

= 0 — simulation - 50% GFRP structural damping
= —— Simulation - GFRP Rayleigh damping
z
)
-20
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£
E.40
=
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-60!

50 150 250 350 450 550 650

Frequency [Hz]
Case 1: Comparison of PI for impact on tread P2

Contact damping?
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Applied unit force (mpact)
on the spoke and its direction

Case 2: Impact on spoke — Only
results from simulation are analysed

Applied unit force (impact) on the
composite fiber rmg and its drection [}

Case 3: Impact on composite fiber ring —
Only results from simulation are analyzed
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16000
—— Spoke excitation - PI, X acc
— Spoke excitation - P, Y acc
%h 12000} Spoke excitation - PI, Z acc

2
]

Spatial accn.

§

0

50 150 250 350 450 550 650

Frequency [Hz]

Case 2: Pl for impact on spoke (only simulation)

= 0 = % hee T
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g (1T R A v
E -40 - Test ‘
- £ — Simulation - 50% GFRP structural damping
- — Simulation - spake impact

&0l ~— Simulation - composite plate impact

50 150 250 350 450 550 650

Frequency [Hz]

n

Case 3: Pl for impact on composite fiber ring (only

simulation)
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Dynamic

Take aways:

AIRLESS TYRE
PERFORMANCE STUDIES: DYNAMIC

+ Reliability for impacton P1 — 450 Hz and P2 — 250 Hz —
contact damping at P2 can be the key factor that needs to be
considered for attenuating the amplitude beyond 250 Hz

+ Composite plate has the maximum contribution on the modal

behaviour of the tire
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16000,
— Spoke excitation - P1, X acc
— Spoke excitation - PI, Y ace
a 12000/~ Spoke excitation - PI, Z acc
g
% 8000
=
|
2 4000
ol i
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Frequency [Hz]
Case 2: Pl for impact on spoke (only simulation)

— Simulation - 50% GFRP structural damping,
— Simulation - spoke impact
—— Simulation - composite plate impact

50 150 250 350 450 550 650
Frequency [Hz]

Case 3: Pl for impact on composite fiber ring (only

simulation)

Spatial accn. g/N [dB]
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= Test
— Simulation |

50 150 250 350 450 550 650
Frequency (Hz]
Comparison of NTF at M1 for impact on tread P1

— Test
— Simulation |

50 150 250 350 450 550 650
Frequency [Hz]
Comparison of NTF at M1 for impact on tread P2
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@ - Microphone (M1) position

°

Mode shape at 212 Hz

@ - Microphione (M) position
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Mode shape at 236 Hz
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Dynamic
Microphone positions
— Test
— Simulation
50 150 250 350 450 550 650
Frequency [Hz]
Mode shape at 357 Hz

Applus®
AIRLESS TYRE IDIADA
EEX%‘OZngX PERFORMANCE STUDIES: DYNAMIC 16

@ - Microphone (M1) position

Recommended microphone placement for NTF
measurements in airless tires.

Key take aways:

+ NTF levels match in test and simulation for non-complex mode
shape

+ Complex mode shape — Compressions and rarefactions of the
spokes is difficult to be picked up by the microphone

+ Recommended microphone position — along the circumference of
the tire
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Airless tyre design comprised of:

py

Spokes :
Composite ring I_ E g(((’ N _— T

Rim N\
Tread
Materials:

glass fiber reinforced plastic (GFRP) for ring
rubber (tread)

steel material

In simulation, composite fiber ring is modelled as linear isotropic material
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Static simulations

Young’s modulus of GFRP and spokes have positive correlation on radial and longitudinal

stiffness of the tyre

The influence is not significant on lateral stiffness

Dynamic simulations
Modal - Composite plate has the maximum contribution on the modal behaviour of the tyre
Noise - NTF levels match in test and simulation for non-complex mode shape

Noise - Complex mode shape — Compressions and rarefactions of the spokes is difficult to be

picked up by the microphone

Noise - Recommended microphone position — along the circumference of the tyre
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