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(57) Abstract: Method of determining the longitudinal pitch (P) of blocks (11) of a tread band (4) having a raised pattern with a
number of longitudinal grooves (9) and transverse grooves (10); the method including the step of calculating a best longitudinal
o pitch (Pb) of the blocks (11), to minimize pass-by noise at a given target speed (Vd), as a function of the resonance frequency (fp) of
the longitudinal grooves (9) and an integer (k) greater than zero.
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METHOD OF DETERMINING THE LONGITUDINAL PITCH OF BLOCKS
OF A TREAD BAND AND TREAD BAND

TECHNICAL FIELD

The present invention relates to a method of
determining the longitudinal pitch of tread band blocks.

BACKGROUND ART

Reducing tyre rolling noise is now an important
design issue to conform with stricter future tyre
approval standards, which are expected to demand a
reduction in maximum rolling noise emissions.

The present invention in particular is aimed at
reducing pass-by noise produced by the tread band blocks
cyclically impacting the pavement.

Patent Application US2004093106A1 describes a tread
band with a raised pattern comprising a number of
longitudinal and transverse grooves defining a number of
blocks with a given longitudinal pitch, which varies
along the tread band as a whole to achieve a given
rolling noise emission.

DESCRIPTION OF THE INVENTION

It is an object of the present invention to provide
a method of determining the longitudinal pitch of tread
band blocks, designed to reduce pass-by noise and which
at the same time is cheap and easy to implement.

According to the present invention, there is
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provided a method of determining the longitudinal pitch
of tread band Dblocks, as claimed in the accompanying
Claims.

BRIEF DESCRIPTION OF THE DRAWINGS

A non-limiting embodiment of the present invention
will be described by way of example with reference to
the accompanying drawings, in which

Figure 1 shows a schematic cross section of part of
a tyre;

Figure 2 shows a schematic of part of the Figure 1
tyre tread band;

Figures 3a-3c show schematics of the pavement
impact sequence of one tyre tread band block;

Figure 4 shows a time graph of the pass-by noise
produced by one tyre tread band block impacting the
pavement;

Figure 5 shows a noise-speed graph illustrating the
difference in noise produced by two tyres of the same
type but with different longitudinal block pitches.

PREFERRED EMBODIMENTS OF THE INVENTION

Number 1 in Figure 1 indicates as a whole a tyre
comprising a toroidal body ply 2 having two annular
beads 3 and supporting a tread band 4 made of cured-
rubber-based material and defining the crown of tyre 1.
A tread belt 5, comprising two tread plies 6, is

interposed between body ply 2 and tread belt 4. Each
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tread ply 6 is defined by a rubber strip, in which side
by side cords (not shown) with a given pitch are
embedded and inclined at a given angle to the equatorial
plane of tyre 1. Body ply 2 also supports two sidewalls
7 between tread band 4 and beads 3; and tread band 4 has
a rolling surface 8, which defines tread band 4
externally (i.e. 1s located radially outwards) and, in
uge, rests on the pavement.

As shown in Figure 2, rolling surface 8 of tread
band 4 has a raised pattern comprising a number of
longitudinal (or circumferential) grooves 9 (i.e.
extending crosswise to the rotation axis and along the
circumference of tyre 1), and a number of transverse
grooves 10 (i.e. parallel to the rotation axis of tyre 1
and perpendicular to longitudinal grooves 9).
Longitudinal grooves 9 and transverse grooves 10 form
five longitudinal rows of Dblocks 11, which project
radially from tread band 4, are each in the form of a
parallelepiped with a rectangular or trapezoidal cross
gsection, and are each bounded laterally by grooves 9 and
10. Blocks 11 1in each row are arranged with a
longitudinal pitch P, which equals the longitudinal
dimension L1 of a block 11 plus the Jlongitudinal
dimension L2 of a transverse groove 10.

For the sake of simplicity, the Figure 3a-3c

sequence shows one block 11 of tread band 4 of tyre 1,
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bounded at the front and rear in the rolling direction
by two transverse gréoves 10, and bounded laterally by
two longitudinal grooves 9. As block 11 impacts the
pavement, three different noise sources contributing to
generate pass-by noise (i.e. the noise produced by
blocks 11 of tread band 4 cyclically impacting the
pavement) are observable

1. fluctuations in pressure produced by the leading
edge 12 of block 11 impacting the pavement, and which
produce noise N1;

2. fluctuations in pressure produced by resonance
of the air inside longitudinal grooves 9 defining block
11, and which produce noise N2;

3. fluctuations in pressure produced by the
trailing edge 13 of block 11 impacting the pavement, and
which produce noise N3.

It is important to note that noises N1, N2 and N3
are offset in time, 1.e. start at different times : as
shown in Figure 4, noise N1 starts at instant tl1, at
which the leading edge 12 of block 11 impacts the
pavement; noise N2 starts at instant t2, which lags
behind instant tl by the time it takes for the stress
generated by leading edge 12 of block 11 impacting the
pavement to Dbe transmitted to the air inside
longitudinal grooves 9 defining block 11; and noise N3

starts at instant t3, at which the trailing edge 13 of
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block 11 impacts the pavement.

Tests show that noises N2 and N3 may overlap in
time (i.e. noise N3 may start while noise N2 is still
significantly present). This overlap may result in
constructive interference, i.e. the intensity of one of
noises N2, N3 1is added to that of the other, or in
destructive interference, i.e. the intensity of one of
noises N2, N3 ig subtracted from that of the other. The
total transit time T of block 11 is calculated using the
following equation [1]

1] T=P / V
T total transit time of block 11;
P longitudinal pitch of block 11;
v linear speed of tyre 1.

The Ilongitudinal pitch P of block 11 Dbeing
congtant, adjusting the linear speed V of tyre 1
obviously alters the total transit time T of block 11
and therefore the timing of noises N2 and N3. In other
words, at certain linear speeds V of tyre 1, the
interference Dbetween noises N2 and N3 is totally
constructive, so pass-by noise (egqual to the sum of
noises N1, N2 and N3) idig maximum {(i.e. has local
maximums), whereas, at other linear speeds V of tyre 1,
the interference between noises N2 and N3 is totally
destructive, so pass-by noise (equal to the sum of

noises N1, N2 and N3) is minimum (i.e. has local
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minimums) .

Equation [2] below has been determined
experimentally to determine when (i.e. at which speeds V
of tyre 1) the local pass-by noise minimums occur (i.e.
when the interference between noises N2 and N3 1is

totally destructive)

fp resonance frequency of longitudinal grooves 9;
fs sequence freguency;

k integer greater than zero (i.e. 1, 2, 3, 4 ... )5
T total transit time of block 11;

P longitudinal pitch of block 11;

v linear speed of tyre 1.

More specifically, local pass-by noise minimums
occur when the above equation [2] applies, i.e. when the
ratio between the resonance frequency fp of longitudinal
grooves 9 and sequence frequency fs equals 1.5, 2.5, 3.5

Inserting the above equation [3], defining sequence
frequency £fs, into equation [2] gives equation [4]
below, which applies when local pass-by noise minimums

occur

4] P:_V_.(Zkﬂ)
o 2

P longitudinal pitch of block 11;

v linear speed of tyre 1;

fp resonance frequency of longitudinal grooves 9;
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k integer greater than zero (i.e. 1,2, 3, 4 ... ).
Resonance frequency fp of longitudinal grooves 9 is
normally calculated using test-determined equations,

such as equation [5] below

(51

C
" 2(F+08-d)

fp regonance frequency of longitudinal grooves 9;

c speed of sound in air;
F tyre 1 footprint length;
d equivalent cross section diameter of longitudinal

groove 9 (i.e. the diameter of a circle with the

same cross section area as longitudinal groove 9).

For example, resonance frequency fp of longitudinal
grooves 9 is roughly 800-1000 Hz in an average-size car
tyre 1, and roughly 500-700 Hz in an average-size TBR
tyre 1.

Equation [5] above is obviously only one example of
a test-determined equation by which to calculate
resonance frequency fp of longitudinal grooves 9. Others
are proposed 1in literature, and may be substituted for

equation [5], such as the following equation [6]

(61 fp=

<
2-F-(l+a)

fp resonance frequency of longitudinal grooves 9;

c speed of sound in air;
F tyre 1 footprint length;
o test-determined dimensionless constant.

The above equation [4] may therefore be used to
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determine the best longitudinal pitch Pb of blocks 11 of
tyre 1 to minimize pass-by noise at (i.e. when tyre 1
travels at) a target linear speed Vd.

Tests show that, to minimize pass-by noise at a
target linear speed Vd, the best longitudinal pitch Pb
of blocks 11 of a car tyre 1 is best calculated using
equation [4] with a minimum constant k wvalue (i.e. of
one) . For example, a typical average-size car tyre 1 has
a longitudinal pitch P of blocks 11 of 18-25 mm,
whereas, for the same tyre, the best longitudinal pitch
Pb of blocks 11 to minimize pass-by noise at a target
speed Vd of 80 km/h is 28-45 mm, i.e. much longer than
the longitudinal pitch P of blocks 11 of a standard tyre
1.

Once the best longitudinal pitch Pb of blocks 11 of
tyre 1 is determined using equation [4], tyre 1 can be
constructed in two ways : with a constant longitudinal
pitch (i.e. blocks 11 all have the same longitudinal
pitch P equal to best longitudinal pitch Pb), or with a
variable longitudinal pitch (i.e. Dblocks 11 have
different longitudinal pitches P concentrated about best
longitudinal pitch Pb).

A constant longitudinal pitch (i.e. the same
longitudinal pitch P, equal to best longitudinal pitch
Pb, for all of blocks 11) has the advantage of very low

(minimum possible) pass-by noise at target speed Vd, but
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the drawback of pass-by noise increasing significantly
at other than target speed Vd. A constant longitudinal
pitch of blocks 11 is normally used on TBR (Truck Bus
Radial) tyres used on vehicles typically operated for
long periods at the same cruising speed (i.e. long-haul
trucks and buses used on motorways, and which therefore
practically always travel at the maximum speed limit).
In this case, tyre 1 may be built to minimize pass-by
noise at a target speed Vd equal to the maximum motorway
speed limit of the wvehicle for which it is designed.
(Admittedly, tyre 1 is proportionally noisier at lower
speeds, but the overall noise level at low speed is low
anyway) .

A variable longitudinal pitch of blocks 11 (i.e.
different longitudinal pitches P concentrated about best
longitudinal pitch Pb) obviously has the drawback of
failing to reduce pass-by noise as much as possible at
target speed Vd, but on the other hand has the advantage
of also reducing pass-by noise at other than target
speed Vd. In other words, compared with the same tyre 1
with a constant longitudinal pitch, a variable
longitudinal pitch tyre sacrifices part of the reduction
in pass-by noise at target speed Vd in favour of
reducing pass-by noise at other than target speed Vd. A
variable longitudinal pitch of blocks 11 is normally

used on passenger car tyres, i.e. given the wide speed
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range (at least up to 130 km/h) and, above all, the
widely varying speeds at which passenger cars are
normally operated, it is extremely difficult to select
one specific target speed Vd to favour over others
(unlike long-haul trucks and tourist buses operated on
motorways) .

Variable longitudinal pitch  blocks 11  have
different longitudinal pitches P concentrated about best
longitudinal pitch Pb, i.e. within longitudinal pitches
P as a whole, best longitudinal pitch Pb predominates.
For example, longitudinal pitches P as a whole may form
a Gaussian curve centred about best longitudinal pitch
Pb or, 1in the event of a very long best longitudinal
pitch Pb, an asymmetric Gaussian curve unbalanced
strongly on the side of longitudinal pitches P smaller
than best longitudinal pitch Pb (which represents the
predominant value) .

One particular asymmetric Gaussian curve 1is in the
form of a half Gaussian curve with an upper (maximum)
limit at best longitudinal pitch Pb (i.e. Dbest
longitudinal pitch Pb constitutes the predominant and
maximum value within longitudinal pitches P as a whole).
In other words, a very long longitudinal pitch P of
blocks 11 may pose other than noise-related problems
(such as water purging problems), so the longitudinal

pitch P of blocks 11 is preferably kept within best
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longitudinal pitch Pb. In a preferred variable-pitch
embodiment, best longitudinal pitch Pb constitutes at
least 40-60% of the longitudinal pitches P of tyre 1
(i.e. 40-60% of the longitudinal pitches P equal best
longitudinal pitch Pb, and 60-40% are other than best
longitudinal pitch Pb).

In a preferred variable-pitch embodiment, a minimum
longitudinal pitch Puin and maximum longitudinal pitch
Prax defining a longitudinal pitch P range may be
determined as a function of a minimum speed Vyi, and
maximum speed Vp.x defining a speed range in which to
reduce pass-by noise and obviously containing target
speed Vd.

In a first embodiment employing equations identical
to equation [4], minimum longitudinal pitch Ppin, and
maximum longitudinal pitch Ppax are determined using the

following equations [7] and [8]
[4] Pb:ﬁ-(zkHJ

y/Z 2
71 Rmzzm‘(zmx)
fr 2
8] Pmaxzzm_x_(ZkH)
fr 2
Pb best pitch of blocks 11;
vd target speed of tyre 1;
fp resonance frequency of longitudinal grooves 9;
k integer greater than zero (i.e. 1, 2, 3, 4...)

- the chosen constant k value must obviously
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be coherent, 1i.e. the same for all three

equations [4], [7], [8];
Puin minimum longitudinal pitch of blocks 11;
Viin minimum speed of tyre 1;
Prax maximum longitudinal pitch of blocks 11;
Viax maximum speed of tyre 1.

In an alternative embodiment employing equations
other than (but obviously derived from) equation [4],
minimum longitudinal pitch Ppin and maximum longitudinal
pitch Puax ére determined using the following equations

[9] and [10]

a1 szVd(ZkHj

L2
[9] F;n—féﬂ~k
Jp
[10] P, =K‘ii“—-(k+1)
Ip
Pb best pitch of blocks 11;
vd target speed of tyre 1;
fp resonance frequency of longitudinal grooves 9;
k integer greater than zero (i.e. 1, 2, 3, 4...)

- the chosen constant k value must obviously
be coherent, 1i.e. the sgsame for all three

equations [4], [9], [10];

Puin minimum longitudinal pitch of blocks 11;
Viax maximum speed of tyre 1;
Prax maximum longitudinal pitch of blocks 11;

Vain minimum speed of tyre 1.
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For example, with a target speed Vd of 80 km/h,
maximum speed Vyux may be 90 km/h, and minimum speed Vi
70 km/h. The speed range between minimum speed Vyin and
maximum speed Vyax must obviously not be so wide that the
longitudinal pitch P range 1s wide enough to also
include significant positive interference between noises
N2 and N3.

Determining minimum longitudinal pitch Puin and
maximum longitudinal pitch Ppax using equations [7] and
[8] ensures the absence of positive interference between
noises N2 and N3 (obviously, providing the speed range
between minimum speed Vpin and maximum speed Vp.x 1is not
too wide), and the pitch range Dbetween minimum
longitudinal pitch Ppin and maximum longitudinal pitch
Pnax 18 therefore narrower. Convergely, when determining
minimum longitudinal pitch Ppin and maximum longitudinal
pitch Puax using equations [9] and [10], a limited amount
of positive interference between noises N2 and N3 1is
allowed (obviously, providing the speed range between
minimum speed Vpin and maximum speed Vmx 18 not too
wide), and the pitch range between minimum longitudinal
pitch Ppin and maximum longitudinal pitch Ppax 1is
therefore wider.

For example, in the case of an average-size car
tyre 1 with a 900 Hz resonance frequency fp of

longitudinal grooves 9, and a target speed Vd of 80
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km/h, the best longitudinal pitch Pb is 37 mm (using a
constant k of one, i.e. minimum value). In the case of a
maximum speed Vmpax of 90 km/h and minimum speed Vyin of 70
km/h, minimum longitudinal pitch Ppin and maximum
longitudinal pitch Ppx are respectively 32 mm and 42 mm
using equations [7] and [8], and respectively 27 mm and
43 mm using equations [9] and [10]. As stated, an
excessively long longitudinal pitch P of blocks 11 can
be avoided using more longitudinal pitches P shorter
than best longitudinal pitch Pb than longitudinal
pitches P longer than best longitudinal pitch Pb.

For example, 1in the case of an average-size TBR
tyre 1 with a 600 Hz resonance frequency fp of
longitudinal grooves 9, and a target speed Vd of 70
km/h, the best longitudinal pitch Pb is 48 mm (using a
constant k of one, i.e. minimum value) or 81 mm (using a
constant k of two). In the case of a maximum speed Vpax
of 80 km/h and minimum speed Vypi, of 60 km/h, minimum
longitudinal pitch Ppin and maximum longitudinal pitch
Punax are respectively 41 mm and 55 mm using equations [7]
and [8] {(and a constant k of one, i.e. minimum value),
and respectively 37 mm and 55 mm using equations [9] and
[10] (and a constant k of one, i.e. minimum value).

Figure 5 shows a noise-speed graph of two tyres of
the same type but with different longitudinal pitches P

of blocks 11, i.e. shows the noise-speed performance of
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a tyre with a 1longitudinal pitch P of blocks 11
determined as described above to minimize pass-by noise
at a target speed vVd of 85 km/h, and a similar tyre with
a standard longitudinal pitch P of blocks 11. As can be
seen, at the 85 km/h target speed Vd, there is a
significant reduction in noise with respect to the
standard tyre (the noise difference has a local
maximum) . At speeds V of 70 and 100 km/h, there is an
increase in noise with respect to the standard tyre (the
noise difference has a local minimum) due to totally
constructive interference between noises N2 and N3 at
those speeds V. And the noise difference has other local
maximums at speeds V of 55 and 115 km/h, and another
local minimum at a speed V of 45 km/h. It is important
to note that, in the speed range considered (40-120
km/h), the noise difference is much more negative than
positive, i.e. on the whole, noise is reduced
gsignificantly more than it 1is increased (e.g. the
absolute maximum noise reduction ranges between 4 and 5
db(A), as compared with an absolute minimum noise
reduction of less than 2 db(A).

The method described of determining the
longitudinal pitch P of blocks 11 of tread band 4 has
numerous advantages. It provides for gizing the
longitudinal pitch P of Dblocks 11 to achieve a

gignificant reduction in pass-by noise at (or, rather,
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about) a given target speed Vd, and, what is more, with
no negative side effects whatsoever (provided the lowest
longitudinal pitch P values of blocks 11 supplied by the

method are use, 1f necessary).
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CLAIMS
1) A method of determining the longitudinal pitch
(P) of blocks (11) of a tread band (4) having a raised
pattern comprising a number of longitudinal grooves (9)
5 and transverse grooves (10); the method comprising the
step of calculating a best longitudinal pitch (Pb)} of
the blocks (11), to minimize pass-by noise at a given

target speed (Vd), according to the equation:

[4] szfz~[2k+lj
fp 2
10 Pb best longitudinal pitch of the blocks (11);

vd target speed of the tyre (1);
fp resonance frequency of the longitudinal
grooves (9);
k integer greater than zero.
15 2) A method as claimed in Claim 1, wherein the
regsonance frequency (fp) of the longitudinal grooves (9)

is calculated according to the equation:

[5] fp=

.
2-(F+0.8-d)

fp resonance frequency of the longitudinal

20 grooves (9);
c speed of sound in air;
F footprint length of the tyre (1);
d equivalent cross section diameter of the

longitudinal grooves (9).

25 3) A method as claimed in Claim 1, wherein the
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resonance frequency (fp) of the longitudinal grooves (9)

is calculated according to the equation:

(el Jp

-
2-F-(1+a)

fp resonance frequency of the longitudinal

grooves (9);

c speed of sound in air;
F footprint length of the tyre (1);
o test-determined dimensionless constant.

4) A method as claimed in Claim 1, 2 or 3, wherein
the longitudinal pitch (P) of the blocks (11) 1is
constant, and equals the best longitudinal pitch (Pb)
along the whole of the tread band (4).

5) A method as claimed in Claim 1, 2 or 3, wherein
the longitudinal pitch (P) of the blocks (11) varies
along the whole of the tread band (4), so the Dblocks
(11) have different longitudinal pitches (P)
concentrated about the best longitudinal pitch (Pb).

6) A method as claimed in Claim‘S, wherein, within
the longitudinal pitches (P) as a whole, the best
longitudinal pitch (Pb) is predominant.

7) A method as claimed in Claim 5 or 6, wherein the
best longitudinal pitch (Pb) accounts for at least 40-
60% of the longitudinal pitches (P) of the tyre (1).

8) A method as claimed in Claim 5, 6 or 7, wherein
the longitudinal pitches (P) as a whole form a Gaussian

curve centred about the best longitudinal pitch (Pb), or
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an asymmetric Gaussian curve containing the Dbest
longitudinal pitch (Pb).

9) A method as claimed in one of Claims 5 to 8, and
comprising the further step of determining a minimum
longitudinal pitch (Ppin) and maximum longitudinal pitch
(Ppax) defining the longitudinal pitch (P) range, as a
function of a minimum speed (Vpin) and maximum speed
(Vimax) defining a speed range containing the target speed
(vd) .

10) A method as claimed in Claim 9, and comprising
the further step of calculating the minimum longitudinal
pitch (Puin) and maximum longitudinal pitch (Puax)

according to the equations:

(7] Pm:@&'(%“]
» U 2

(8] P, =.Z§§L_(2k-+1j
N/ 2

Puin minimum longitudinal pitch of the blocks (11);
Vmin Mminimum speed of the tyre (1);
fp resonance frequency of the longitudinal

grooves (9);

k greater-than-zero integer which must be
coherent for all three equations [4], [7] and
[81;

Prax maximum longitudinal pitch of the blocks (11);

Vnax Mmaximum speed of the tyre (1).
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11) A method as claimed in Claim 9, and comprising
the further step of calculating the minimum longitudinal
pitch {Puin) and maximum longitudinal pitch (Prax)
according to the equations:

5 [9] P =5’ﬁ"—-k

min f—-p

V.
[101 P, == (k+1
ﬁj( )

Puin minimumblongitudinal pitch of the blocks (11);

Vmax maximum speed of the tyre (1);

fp resonance frequency of the longitudinal

10 grooves (9);
k greater-than-zero integer which must be
coherent for all three equations [4], [9] and
[10];
Pmax maximum longitudinal pitch of the blocks (11);
15 Vnin minimum speed of the tyre (1).

12) A tread band (4) having a raised pattern
comprising a number of longitudinal grooves (9) and
transverse grooves (10), which define a number of blocks
(11) with a longitudinal pitch (P);

20 wherein the longitudinal pitch (P) of the blocks
(11) varies along the whole of the tread band (4), so
the blocks (11) have different longitudinal pitches (P)
concentrated about a best longitudinal pitch (Pb);

the tread band (4) being characterized in that the

25 best longitudinal pitch (Pb) of the blocks (11)
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minimizes pass-by noise at a given target speed (Vd),

and is calculated according to the equation:

[4] Pb:K‘—l--[Zk”j
fp 2

Pb best longitudinal pitch of the blocks (11);

vd target speed of the tyre (1);

fp resonance frequency of the longitudinal

grooves (9);

k integer greater than zero.

13) A tread band (4) as claimed in Claim 12,
wherein, within the longitudinal pitches (P) as a whole,
the best longitudinal pitch (Pb) is predominant.

14) A tread band (4) as claimed in Claim 12 or 13,
wherein the best longitudinal pitch (Pb) accounts for at
least 40-60% of the longitudinal pitches (P) of the tyre
(1) .

15) A tread band (4) as claimed in Claim 12, 13 or
14, wherein the longitudinal pitches (P) as a whole form
a Gaussian curve centred about the best longitudinal
pitch (Pb), or an asymmetric Gaussian curve containing
the best longitudinal pitch (Pb).

16) A tread band (4) as claimed in one of Claims 12
to 15, wherein a minimum longitudinal pitch (Pnin) and
maximum longitudinal pitch { Puax) defining the
longitudinal pitch (P) range are calculated as a

function of a minimum speed (Vpin) and maximum speed
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(Vnax) defining a speed range containing the target speed
(vd) .

17) A tread band (4) as claimed in Claim 16,
wherein the minimum longitudinal pitch (Ppin) and maximum

5 longitudinal pitch (Pnx) are calculated according to the

equations:
(7] P _Z&.[zkﬂ}
Jfp 2
8] P _Km.(zkﬂj
fp 2

Punin minimum longitudinal pitch of the blocks (11);
10 Vaoin Wminimum speed of the tyre (1);
fp resonance frequency  of the longitudinal
grooves (9);
k greater-than-zero integer which must be
coherent for all three equations [4], [7] and
15 [81;
Puax Mmaximum longitudinal pitch of the blocks (11);
Vioax Maximum speed of the tyre (1).
18) A tread band (4) asgs claimed in Claim 16,
wherein the minimum longitudinal pitch (Pnin) and maximum
20 longitudinal pitch (Pmpax) are calculated according to the
equations:
(9] P, =lm g

v
[10] P, =— . (k+1

Puin minimum longitudinal pitch of the blocks (11);
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fp

Pmax

Vmin
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maximum speed of the tyre (1);

resonance frequency of the  longitudinal
grooves (9);

greater-than-zero integer which must be
coherent for all three equations [4], [9] and
[10];

maximum longitudinal pitch of the blocks (11);

minimum speed of the tyre (1).



PCT/IB2012/052717

WO 2012/164505

1/5

A AR AN AR S SN A ANV AR A 4

vy
_ \ 'Q""lil.ﬁl'& —\ .@_ m

.
- f e - 2
ot o o ——

-~ hnaihasd
— ——— e -
- - RS N et




WO 2012/164505

10

2/5

//
AN

11

PCT/IB2012/052717

//

Pb

L1

L2l

A\

Fig. 2

A




WO 2012/164505 PCT/IB2012/052717
3/5

Fig. 3a

-—
=z




A

WO 2012/164505

4/5

PCT/IB2012/052717

Fig. 4

N1

N3

N2

\Mmﬁ

‘_,,.-----l"
.l

e

ay
LT
LN}
---.........
“Eny

N
i)

ey
llll......
bR ]

»*
s
n--l-ll--Illl"

t1




WO 2012/164505

5/5

PCT/IB2012/052717

< &
(/ |
\“\ i
P : E
o - ’
/
\‘\ ]
——
\>
// —T -
N

[(v)ap]l 971-9S 1dS



INTERNATIONAL SEARCH REPORT

International application No

PCT/IB2012/052717

A. CLASSIFICATION OF SUBJECT MATTER

INV. B60C11/00 B60C11/03
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

B60C

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 20047093106 Al (STUCKEY JON IRVIN [US]) 1-18
13 May 2004 (2004-05-13)
paragraphs [0058] - [0059]; figure 9C
A US 20037040886 Al (STUCKEY JON IRVIN [US]) 1-18
27 February 2003 (2003-02-27)
paragraph [0028]; figure 2A
A WO 2010/032737 Al (BRIDGESTONE CORP [JP]; 1-18
SAKURABA KAZUKI)
25 March 2010 (2010-03-25)
claim 1
A,P & EP 2 335 950 Al (BRIDGESTONE CORP [JP]) 1-18
22 June 2011 (2011-06-22)
paragraphs [0046] - [0052]; claim 1
_/ -

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

31 July 2012

Date of mailing of the international search report

07/08/2012

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Peschel, Wolfgang

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

PCT/IB2012/052717

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

22 June 2011 (2011-06-22)
paragraphs [0037] - [0047]; claim 1

Category” | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A WO 20107032736 Al (BRIDGESTONE CORP [JP]; 1-18
SAKURABA KAZUKI)
25 March 2010 (2010-03-25)
claim 1
A,P & EP 2 335 949 Al (BRIDGESTONE CORP [JP]) 1-18

Form PCT/ISA/210 (continuation of second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/1B2012/052717
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2004093106 Al 13-05-2004 AU 2003286829 Al 07-06-2004
EP 1556233 Al 27-07-2005
EP 2135751 A2 23-12-2009
EP 2272687 Al 12-01-2011
JP 2006504580 A 09-02-2006
JP 2011213348 A 27-10-2011
KR 20050073600 A 14-07-2005
US 2004093106 Al 13-05-2004
US 2010282385 Al 11-11-2010
WO 2004041555 Al 21-05-2004

US 2003040886 Al 27-02-2003 AT 453519 T 15-01-2010
AU 2002335655 Al 10-03-2003
EP 1419054 A2 19-05-2004
ES 2338867 T3 13-05-2010
JP 4520146 B2 04-08-2010
JP 2005500945 A 13-01-2005
US 2003040886 Al 27-02-2003
WO 03019173 A2 06-03-2003

WO 2010032737 Al 25-03-2010  CN 102159409 A 17-08-2011
EP 2335950 Al 22-06-2011
US 2011296921 Al 08-12-2011
WO 2010032737 Al 25-03-2010

WO 2010032736 Al 25-03-2010  CN 102159408 A 17-08-2011
EP 2335949 Al 22-06-2011
US 2011208488 Al 25-08-2011
WO 2010032736 Al 25-03-2010

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - wo-search-report
	Page 31 - wo-search-report
	Page 32 - wo-search-report

