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Mechanisms of T/PIN
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Im PaClS - Atthe leading edge of the tire contact

patch, pavement texture and tire tread pattern induces
a drumming action on the tire, and the tire responds by

vibrating .
Pavement - macro texture is important
to the impact phenomena.
Tire tread — through the tread blocks,
the belt structure is accelerated upward
and downward, causing the tire to vibrate.

The vibrations create noise in two ways:

1. by exciting the surrounding air, making air-borne noise;

2. by making the vehicle vibrate, then the air inside the
vehicle vibrates, creating structure-borne noise.
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Alr pum plng — At the entrance of the contact patch,

the air is imprisoned in the grooves, the compressed air is
suddenly released at the exit generating noise.

Sizzling by air pumping

Dilraction
of T.}TI'E' rotatlon

b IR Direction

UL

—_—
The compressed alr The tread blocks Alr 15 Imiprisoned
Is sucdenly releasad, are comprassad In the grooves.
producing a sizzling sound.  agalnst the ground,
comprassing the alr
betweeen them.

Pavement — the porosity of the pavement influences the level of the
pumping action.

Tire tread — the shape and size of the openings in the tread pattern,
and the movement of the blocks in the tread pattern, influence the
level of the pumping action.
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Friction — in the tire’s contact patch, the tread

blocks slip and stick on the road surface when
rolling, generating vibrations in the tire.

Pavement — influences the level of the
adhesive forces between the tread and
the pavement.

Tire tread — the stick — slip action between
the tread and the pavement also causes the
tire structure to vibrate.
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Horn effect — amplifies the airborne noise
produced by air pumping and vibration.

Tire — forms one half of the tire/pavement
wedge in front of and behind the contact patch.
The width of the tire influences the amount of
magnification.

Pavement — forms the other half of the
tire/road surface wedge in front of and behind
the contact patch. The acoustical
characteristics of the pavement influence the
amount of magnification (absorption).



aaaaaaaaaaa

TRB Meeting
Tire/Pavement Interaction Noise (T/PIN)

Agenda

» Mechanisms of T/PIN —
» T/PIN — Characteristics of Existing T/P

» Mitigating

/PIN:

Ire Response

» T/PIN — Forward Direction




JRembees | T/IPIN-Pavement : Response Variation

association

Low noise ~— Intermediate — Noisy N
85 — pavements pavements ——— pavements ———
83 - - =
= 81 - =
= L = =04 =/00=80 =50 1=
= 79 - - = = = = | ™ = =migo¥ - -
£ - - B = = mi68T7TARTY4= T8 m 78,8 17
= 77~ - = @ _ S| = awsmerr = B | - -
= - [ | - -T'\‘? 75,6 - - =
~10dB(A) | £ 75 = E = vl = - = _
= = g8 | 1 t ¥
e | - = | =
=z, = 01 = 2 - )
£ & = I 10 dB(A) difference between
3 —T
. current road surfaces
65 o
e o =2 Z ¢ o T S 2 Z ®»w & ¢ F oo o= wu T T o=
S 2 5 2 2 £ s 5 5 3 2 s F s 2 3 °© 35 5 =
T 3 <« 3 ¥ = =2 U = © oo 2 ¢ A o o =
g s g 5 g = £ <= g = < 7 = £ 2
= < 2 = = =) .
- - > >

low-noise pavements: 0/6 and 0/10 porous asphalt (PA), 0/6 and 0/10 type 2 very thin asphalt concrete
(VTAC), 0/6 ultra-thin asphalt concrete (UTAC);

intermediate pavements: 0/14 porous asphalt (PA), 0/10 asphalt concrete (AC), 0/10 thin asphalt concrete,
0/10 very thin asphalt concrete (VTAC), cold-applied slurry surfaces (CASS);

noisy pavements: 0/14 asphalt concrete (AC), surface dressings (SD), cement concrete (CC), 0/14 thin
asphalt concrete and 0/14 ultra-thin asphalt concrete (UTAC).

Source: Yves MEUNIER - USIRF/ROUTIERE MORIN : LOW-NOISE PAVEMENTS : THE SOLUTIONS OFFERED BY THE FRENCH ROAD
BUILDING INDUSTRY, Internoise 2001, The Hague, The Netherlands
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Pavement Component or

Physical Phenomena — O L
Characteristic involved

> Indentation / drumming at > surface roughness (texture)

the tread _
» aggregate size

» Acoustical pressure
attenuation

» porosity near the pavement surface

Response Variation
Among Existing Pavements

> Excitation related to ‘texture’: 410 dB(A)

» Absorption from porosity : A3 dB(A)
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(existing passenger car products)

Tire Component or
Physical Phenomena Characteristic Involved

Vibration

» tread & architecture rigidity
> Vibration of the tire > tread pattern design

» Air Pumping action Air pumping
» tread pattern design

Rigidity*: 42 - 3 dB(A)
Tread Pattern+: a4 dB(A)

*Rigidity Source - Michelin
**Tread Pattern Source — Acoustic Research Laboratory
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menfeowrers | T/PIN — Tire : Response Variation

(existing passenger car products)

= For a given dimension in a given segment, tire/pavement

acoustic level variation does not exceed 2.5 dB (A)
Noise Values according to 2001/43/CE
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Tire width Source: Michelin
12
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B Vehicle Speed Impact

Acoustic level

v

Speed
in km/h

* Source : Bulletin des Laboratoires des Ponts et Chaussées n°224, janvier février 2000
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In Tire/Pavement Interaction Noise

» The main parameter influencing noise is the road roughness.
» Tire solutions for noise, when balanced among traction, wear, rolling

resistance, handling performance requirements, have a relatively minor
Impact.

Amplitude variation (dB(A))

Contributor Road Tire Speed (Kph)
Parameters Roughness  Absorption |Tread pattern Rigidity 50 90

Possibilities Large Very limited

14
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Mitigating T/PIN:
How to reduce the tire contribution?

2 Reduction of tire/pavement interaction noise
through tire design involves:

» Tread pattern design

16
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aaaaaaaaaaa Sequence Randomization

O O G
BEIBDIBEEEDE

O The lengths are randomly or specifically placed about the tire
circumference.

O Atire with only one pitch length is referred to as a mono-pitch.

» Mono-pitch tires can be found in Agriculture and Truck & Bus
applications.




) RUBBER .| T/PIN — Tire Tread Pattern Randomized
Noise Seguence: Audio Example

80 &0
— Vehicle with Monopitch — Vehicle with Monopitch
< 10 - < 701 o
g A — Monopitch Only g — Vehicle with Sequence
T 60 - 2 601
® [11]
— -
O
5 50 £ 50
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u 2
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c c
3 3
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0 200 400 600 800 1000 1200 1400 0 200 400 600 800 1000 1200 1400
Frequency [Hz] Frequency [Hz]

Simulation of

@ Only Monopitch @ Simulation of

Vehicle Interior Noise Sequence Vehicle Interior

with Monopitch 2/ -."."I-"I with a Randomized e
Noise Sequence Noise Sequence

O The frequency of pattern noise will reduce as the vehicle slows.

» This is because the lugs are hitting the road slower as the vehicle
slows.
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manufacturers T/PIN — Tire Tread Pattern
Optimization for Noise

Example : Lateral groove Example : Pattern Phase
angle effect (tire only) effect (tire only)

Less Quiet
Angle =0 |II II
“IE“I Angle = 30 10
T
Angle=45 " More Quiet

Standard practice in the industry today

Phase =0

Phase = Pas/2

19
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Mitigating T/PIN:

Trade-offs when addressing T/PIN

Expected Change

Improve =—»

(-3.5dB(A))

Noise

Hydroplaning |Snow Traction

Wet
Braking

Wear &
Handling

20



aaaaaaaaaaa

TRB Meeting
Tire/Pavement Interaction Noise (T/PIN)

Agenda

» Mechanisms of T/PIN —

» T/PIN — Characteristics of Existing T/P
» Mitigating T/PIN: Tire Response

» T/PIN — Forward Direction

21




RUBBER

manufacturers
association

Tire/Pavement Noise Progress:
Requires a Total System Approach

teractio

etween

avemen
and
Tire

Input
y Road
and
Driver

Perception
ective  Subjecti

rior Interior

Thereis no: TIRE NOISE
But thereis: PAVEMENT <>TIRE NOISE and

PAVEMENT<>TIRE<>VEHICLE NOISE
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T/PIN Noise : 1980 -=> 2000
Evolution of Tires & Expectations

4 dea L T
Qg - Qo

86 + 86 T Expectation
82 4 822 T
I E tati L |Tire Performance o
xpectation L
78 = 78 1
-""""'--...______- 4 ‘

2d b Tire Performance ff=——1. 74 + G

1980 a5 a0 a5 2000 1980 85 a0 a5 2000
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T/PIN Noise — Current Expectations
Coast-by Values (80 kph)

. Current
Tire CIaSS Expectations
(dB(A))
Passenger By Nominal 72-76
Width
Truck
_ By Type 75 - 77
(nght) y 1yp 7/5-81
Truck
(Commercial) |BY Type ©-
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T/PIN Noise — Future Expectations
Coast-by Values (80 kph)

: Current Typical Future
TI re CI ass Expectations | Tire |Expectations
(dB(A)) (dB(A))
Passenger NO?i’nal 70-74| 70-74
Width
Truck
J 75 - 81
Truck
(Commercial) | By Type 76 - 78

25
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Existing Tires on the market :

% of Tested Tires (by Category) potentially impacted by future
expectations in Tire noise.

Data Source - FEHRL Study — (Forum of European Highway Research Laboratories)

Percentage exceeding
Current Expectation
less 3dB(A)

Truck Truck

Passenger (Light) (Comml)

Tire Type
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Conclusions

O Tire/ Pavement Noise reduction, without
compromising safety, Is an industry goal.

D 1
t
D 1

Pavement’ must be an active participant in
ne noise reduction effort.

Pavement’ contributions are immediate and

can be significant.

O ‘Tire’ contributions take time, and have a
relatively minor impact.
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