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Abstract—Tread design has evolved over the years to acltieve
common tread pattern used in current vehicles. KHeweto meet
safety and comfort requirements, tread design densimore than one
design factor. Tread design must consider the agmigh drainage, and
the manner in which to reduce rolling noise, whilne of the main
factors considered by manufacturers. The main tibgeof this study
was the application the computational fluid dyna{{€FD) technique
to simulate the contact surface of the tire andugdo The results
demonstrated an air-Pumping and large pressure effept in the

The proposed method can be divided into three staeps
follows: small-scale noise generation simulationpise
propagation simulation; and far-field acoustic ptee
prediction. Based on the results, when the tireogeoground
and released from the contact patch, the treadrggnkthe
compressed effect, which caused a large pressue aind
generated noise. Eisenblaetter et al. [5] propdisaidthe main
objective of the rolling noise is air-pumping, fmNed by air

process of contact surface. The results also resiéit the pressure (agonant radiation and pipe resonances. In addisianilar to

can be used to analyze sound pressure level (SPL).

Keywor d—Air-pumping,
pressure level, tire.

|. INTRODUCTION

HE first car was manufactured on January 29, 1828s

were widely available because of the advances
technology and production. Most of the street noisginated
from the cars. Therefore, identification of the m®ms and
reduction of car noise has become a crucial go@dent years.
Technological progress has enabled considerablmiraments
of several crucial sources of noise, such as rgnemgines,
intake and exhaust noise, cooling fan noise, tréssan system,
and car shells affected by wind noise. The tiressegenerated
by rolling of the tires has been confirmed as ohthe sources
of noise [1], [2]. Consequently, the Economic Cossiun for
Europe (ECE) developed a new standard called ECE-R3]
in 2009. It requires that tires must comply witheadtives within
a specific period, such as fuel efficiency, wepgrerformance,
rolling resistance, and noise level. Therefore,s tistudy
discussed the relationship between contact suidadkee tire
and ground. For a specific area to produce a grgaessure
drop, noise may be generated by geometric changeltae the
pressure, which reduces the noise level. Kim gdabpplied a
simplified model to investigate the effect of tiag-pumping
and the intensity of the noise. The model can bi# ba a
simple 2D tread pattern with two plates (directdénand
direction-Y) to simulate the squeezing of a tiremre as it
enters the contact patch between the tire groodetls road
surface.
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tire noise analysis methods, such as the applicafi6 EM, this

computational fluid dynamics, sound method had an important point to be consideredaxidence

between the structural and cavity modes.[6], [TeBo et al. [8]
proposed that pavement temperature can also irfutire and
road noise. Their experimental results demonstrateat
temperature leads to a reduction in the close pritxisound

|avels assessed at a rate of 0.06 dB@&)These results were

used to discuss the proposed methods of tire naisieh are
helpful in reducing the generated noise

Il. NUMERICAL SIMULATION

A. Model Structure

The schematic for contact surface of the tire armigd is
shown in Fig. 1. Figure 1(a) shows rolling tiresgufe 1(b)
shows the tire groove at a 45° angle with the gilpbecause the
tire groove began to compress and reduce the gegube of
air-pumping effect. Figure 1(c) shows the tire gr@@t a 90°
angle with the ground; the groove compression amxd the
internal pressure. Figure 1(d) shows the tire geoatva 135°
angle with the ground, and the instant gap caasethstant
release of pressure of the tire grooves, whichceffehe
air-pumping. As shown in Figure 1(e), when the tioaitinued
roling, the groove recovery allowed the default
pressure-direction to change to the negative diect
Consequently, the contact surface of the tire andrgd can be
designed based on this phenomenon, as shown gintipdified
model in Fig. 2. This simplified model is made Ine tT type
rectangle, and the boundary was set as follows:dtelet, wall,
deform, plate_x, and plate_y. The Y direction @ftpl y moves
up and down by the timetable, which simulates tteegroove
compression. The X direction of plate_x moves tother side
to simulate the contact surface of the tire rollmngcess. The X
direction of plate_x moves according to the coneershy
Equation (1) and (2). In Equation (1), the unit(aj is the
simulation car speed (km/hr); therefore, it musekehanged to
(b) (m/s). Finally, tire groove pitch is divided) (ey the speed
(a), such as 1.2, to determine the total simulatioe scale.
This indicates that the X direction of the platestarts moving
parallel and must finish at this time scale. Thaetisions and
numerical settings are listed in Table I.
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Fig. 1 The schematic for contact surface of thedind ground

Free Qutlet (0.023m)
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Wall (0.008m) <=
| . @ [ XN
Point 1 Point 2
Deform Deform
{0.006m) 4 {0.006m)

Plate-y(Wall:0.006m)
Fig. 2 The simplified model for contact surfacetud tire and ground

a__ = Do 1000
360(
d = Cpitch (2)
sec
aspeed
TABLE |
THE DIMENSIONS AND NUMERICAL SETTINGS
Notation Physical quantity Dimension Value
a car speed(converte m/s 27.€
b car speed(defaul km/h 10C
c adjustment of the tread pit M 0.055¢
d simulation time S 0.C02
plate_x moving body plate-x m 0.007
plate_y moving body plate-y m 0.006
Deform deform plane m 0.006
T reference temperature °K 273
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In addition, to simulate various loads or rubbetarials, the
Y direction of plate movement was set to threeediffit types of
compression speeds, that is, 1, 2, and 4 m/spéisation time is
shown in Fig. 3. After several simulations, the Xedtion of
plate_x moving speed condition set at -7m/s waspteted in a
total simulation time scale of 0.02 s. In the Yediion, parts of
at the plate_y setup 1, -1, 2, -2, 4, -4 threedpase. In case 1,
when simulation time from zero to 0.001 s, the ¥ediion of
plate_y changed the moving speed from 1 to -1.\TH&ection
of the plate moving speed changed from 2 to -Z&se 2, In
which the tire groove compression was simulated further
observe the compression pressure in the contafeiceuof the
tire and ground, this study set the tire at the manitoring
points, the locations of which were named poinsét point at
-0.2, -0.05) and point 2 (set point at 0.2, -0.05).

— —Plate Y
_5 il 1 — —Plate X
@t )
g=0 i
0T
ES 2 b=
Qo o
OB |- - R
0.001 0.002
Time (sec)

Fig. 3 The X and Y directions of the plate openatione

B. Smulation model define

1. Mesh

This study used the Capvidia developed commerdua f
dynamics software, FlowVision, for simulation andalysis.
This software was used by the grid establishmetgafnology
(Sub Grid Geometry Resolution, SGGR) against corple
objects, such as contact surface of the tire andrgt, as shown
in Fig. 4. In this study, the simulation model vessablished by
the grid number for 7020. To enhance the solvirgyacy, this
study also enabled the split technique of the softwtio enhance
the accuracy of moving objects, such as X direabicihe plate.
Based on this technique available automatically mlete
during the simulation, as shown in Fig. 5, whicimdastrates
remeshing in any time, and the original grid isietd, not due
the plate move and deformation. This approach ednae the

(1) simulation time and enhance the solving accuracy.

Fig. 4 The grid establishment of technology (SGGR)
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TABLE Il
THE UNITS AND NUMERICAL SETTINGS
Notation Physical quantity Dimension
Co specific heat m?s2K?
F acceleration of external volume face “ns
g gravity acceleration ms?
H total enthalpy mzs’z
k turbulent energy m-s’
L characteristic leng m
m molar mas kgmile®
Fig. 5 Automatically remeshing for plate_x P relative pressu Pa
Pref reference presst Pa
i . Phst hydrostatic pressure Pa
2. Smulation Theory Pab absolute pressure Pa
Several types of numerical methods are used, thst m Prot total pressure Pa
common of which include finite element method (Ff)ite o prglsrsur'ee”f prandi number o
. .y . ure\u i y/ 3
difference method (FD), and finite vqum_e_methoVX.F!n this 1 pressure value at time layer 1 Pz
Study, the CFD SOftWare Used the f|n|te VO|ume mth Q sum of the energy of different nat m25'2
Because the finite element method has a fast ealgteed, it Ra universal gas conste Jmole'K?
has been widely applied in timeliness and corresstio¢ various Toot total temperature °K
_application areas, such as aut_omobiles, aviatimipp'mg_, and Tret reference temperature = 273 °K
mdqstry, to solve the deformgtlon problems. Eqma(B). is the Tabe absolute temperature oK
basis of the formula of the finite volume methotieneQ is cell T . . e at fime | .
volume; andAS is area of the i - the cell face. emperature value at time fayer n “
H molecular dynamic viscosi kgms
M turbulent dynamic viscosi kgmls?t
J- (D 0F )dQ = Z (FI th ) (AS (3) \Y relative velocit m/s
5 i~ faces V" velocity value at time layer m/s
" density value at time layer n kgm
. L . i density value at time layer n+1 kgm
However, the main objective of the study was testigate . dissipation rate of turbulent energy 268
behavior of the tire and ground on the contaciesarftherefore, o ) .
the simulated fluid was gas, without consideratisnheat B coefficient of thermal expansion K
oT relative local specifi Kgs?

transfer. The units and numerical settings aredigh Table II.
Equation (4) was used to solve the total pressunererais
universal gas constant; the default was 8.31441bd&gncing
Equation (4), it can be rewritten as Equation &s)follows:

Because the turbulent model was considered, thidyst

used Equation (9) and (10).

C,
R, pm a
P, :Pabs[ﬁj »! -P, (4) 67p+[|[ﬂp\/): (6)
Tabs t
u]
P, = PR abs ) 9 4 v OV)= ~0P + O e + oF @)
m t
Equation (6) and (7) were used to solve the coityinu In here,r,, is effective shear stress tensor.
equation and momentum equation. Because this stodyated
the air flow field, it used the gas energy equat(@. 8
g gy equat{@ a(m)+DEﬂp\/H)-—+D[[CA gr] J”NDHQ )

"(pk +0{pvk) = [[ g;]Dk]+p‘[G+?€ng]—p£ ®)

ot

st il o

t

& (10)

The model parameters and the expression for gemerat
term G can be rewritten to Equation (11), (12), €i®).
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aVv,

G = Dij a_l (11) ////'1//“"‘\ T\‘\ 1650.5
s - g / T
) NN
2 ok (12) : DEmm—
Dy =§; 5| OV +—14; ~ :
3 H
s =M. M (13)
boox, ox

In addition, because of the movement of the platthée X
direction and Y direction, this study considerede th Fig. 6 The contact surface of the tire and groumcbimpression speed
Euler-equation and Navier-Stoke equation, and igtiothe Lm/s
viscous. Equations (6), (7), (8), and (9), can edhe pressure
equation, such as Equation (14) at one time stepn [Equation /
(14), pm is intermediate pressure field and that can b |

rewritten to Equation (15). In addition, becauteamsider the
ideal-gas, that can rewrite to such as Equatio6y (17), and
(18), in which Ryscan be solved by Equation (16) [9].

n+l _ An

P TP i 0(p™V )= r(AP™ - AP) (14)
T
~n+l _ An ap n n n+1 n 15
Pt =p" + = (P T")(P™ —P") (15)
oP
Pps =Ra tP=p RaTas (16)
m
9p__m 17)
P R,T,.
~n+1 = m ~n+l + m P (18)
s RT2 “ RTM ™

IIl.  SIMULATION RESULT

C.Result for Pressure 2m/s

Figs. 6-8 show the simulation results for comprassipeeds
at 1, 2, and 4 m/s. The results show that the ma{pmessure in
the compression speed is 4m/s, and minimal pressutiee
compression speed is 1m/s. These results indicatette tread
in contact with the ground and leaving the grounadpces a
large pressure drop.

( g
//

}BE/CH
nj{u

/ 79
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Fig. 8 The contact surface of the tire and groumcoimpression speed

Fig. 9 and Table Il show the pressure curve ardevior the
various compression speeds and simulation timesoriing to
the results, the maximal pressure value at the oessjpn speed
of 4m/s was 12601.36 (Pa), and the minimal presslue was
-1451.10 (Pa). Therefore, the result demonstrdias large
pressure drop occurs at contact surface of theaticeground,
and the direction of pressure is opposite. Thigcates that the
noise sources were generated at both time poir@8@0 s and

0.0011 s).

World Academy of Science, Engineering and Technology
International Journal of Mechanical and Mechatronics Engineering
Vol:6, No:5, 2012

e

]
| rabol 1ites 1S
12654

4m/s

Pressure curve
Compression speed: 1m/s (p1)
77777 Compression speed: 1m/s (p2)
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9 The pressure curve for the compression speddimulation

time

Single point Sound Pressure Level
77777 Compression speed: 1m/s
Compression speed: 2m/s
Compression speed: 4m/s

0

Fig.
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10 The SPL result for different compressioaesp
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TABLE Ill

THE MAXIMUM AND MINIMUM PRESSURE VALUE AT THE DIFFERENT

COMPRESSION SPEED

Speed (m/s) Max(Pa) Min(Pa)
1 1441.4¢ -1451.1(
2 3582.19 -2441.59
4 12601.36 -6393.25

Fig. 10 shows the single point sound pressure I€SEL)
results for various compression speeds. The cuanthel FFT
converted from pressure; simulation time and soprabsure

levels are also defined. The SPL can be writtdbcagtion (19).
The analysis was completed after FFT convertedfdlie data.

The maximal SPL for compression speeds at 1, 2,4amds
were 151.89 dB, 159.58 dB, and 169.81 dB, respalgtiv
However, the SPL result shown only a single pointhe

simulation area, which decreases by transport, asiflow field
velocity or temperature. Therefore, this SPL vakaes used to

reference the trend for contact surface of the dind ground

noise.

ref

D.Result for Modify

SPL=L, =10Iogm(”ns

P, P
D2 J = 20Iogw( P, ]dB

(19)

A semicircular and rectangle design was used fertite
groove to reduce the pressure effect on contataciof the
tire and ground, as shown in Fig. 11. The simutatiesult
demonstrated that, when the compression speed wds, 2he
first type design for semicircular generated maxipr@ssure
value of 3228.14 (Pa), and the second type desigre€tangle
generated maximal pressure value of 2064.02 (Bafh@wvn in
Fig. 12.Compared to the original simulation resuhge second
type design for rectangle exhibited a decreas@éenntaximal
pressure value of 27.16%.The maximal sound predswes
was 153.56 dB, as shown in Fig 13. Compared tmtlggnal
simulation results, the rectangle type design etddb a
decrease in the sound pressure level value of 1.92%

Fig. 11 Rectangle and semicircular design fordi@ove

IV. CONCLUSION

The simulation results

in this study demonstrated a

considerable pressure drop generated by the costatfzce
process of the tire and ground. In addition, canteith the
ground resulted in higher pressure than leavingtband. The
value of the difference is considerable, and exddbdifferent
directionality. This can be used to analyze theseoand design
a suitable groove to reduce tire rolling noise.abidition a
geometric design modification of the tire groovae effectively
reduce the generated pressure, which can redwealiing

noise.
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Fig. 12 The pressure curve for different design sindilation time at
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Fig. 13 The SPL result for Semicircular and Recldgsign at

compression speed is 2 m/s

In noise analysis, this study also demonstrated the
maximal sound pressure level (SPL) for compressj@ed was
4 m/s. Finally, to reduce the SPL value, the sedgpd design

for rectangle generated maximal pressure and StRictien of
26.89% and 1.92%, respectively.
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