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(54) METHOD OF DESIGNING TIRE AND TIRE

(57) A method of designing a tire designs a tire in-
cluding a block row which has a plurality of blocks sec-
tioned by circumferential grooves and lateral grooves,
and which is formed along a tire circumferential direction.
The method of designing a tire comprises the steps of
determining a resonance sound frequency f being a ref-
erence frequency of an air column resonance sound pro-
duced by the tire, on the basis of a ground contact length
of the tire in a case where a standard internal pressure
and a standard load are applied to the tire; and the steps
of determining the number of pitches of the block row in
such a manner that a secondary pitch noise frequency
fp2 is shifted from the resonance sound frequency f, the
secondary pitch noise frequency fp2 being a secondary
component of a reference frequency of pitch noise arising
from the block row at a reference speed being a reference
traveling speed of a vehicle equipped with the tire.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a method of designing a tire including a block row which has multiple blocks
sectioned by circumferential grooves and lateral grooves, and which is formed along a tire circumferential direction. The
invention also relates to the tire.

BACKGROUND ART

[0002] Noise occurring when a tire rolls on a road surface, or so-called tire noise, is caused mainly by an air column
resonance sound or a pattern vibration sound (pitch noise), the air column resonance sound arising from air columns
formed by the road surface and a circumferential groove, such as a main groove, extending in a tire circumferential
direction, the pattern vibration sound being attributable to an impact applied when a tread on which lateral grooves are
formed comes into contact with the road surface.
[0003] For reduction of the air column resonance sound, a method of forming a wide circumferential groove in a center
portion of a tread has been heretofore known (Patent Document 1, for example).
[0004] In addition, for reduction of the pitch noise, a method of setting irregular circumferential lengths for blocks
formed on a tread has been known (Patent Document 2, for example).
[0005]

Patent Document 1: Japanese Unexamined Patent Application No. H6-143932 (FIGs. 1 and 2)
Patent Document 2: Japanese Unexamined Patent Application No. H8-118917 (FIG. 1)

DISCLOSURE OF THE INVENTION

[0006] The conventional methods described above have the following problem. Specifically, the method of forming
the wide circumferential groove in the center portion of the tread and the method of setting irregular circumferential
lengths for blocks impair the degree of freedom in designing a tread pattern. If a tread pattern particularly designed for
reducing the air column resonance sound or the pitch noise is adopted, other performances required for a tire, such as
a performance on a wet road surface is sacrificed.
[0007] In view of the above, an object of the present invention is to provide a method of designing a tire and to provide
the tire, by which tire noise can be effectively reduced while the degree of freedom in designing a tread pattern is secured.
[0008] The present invention has been made to advantageously solve the above-described problems. An object thereof
the present invention is to provide a method of designing a tire including a block row (block row 40) which has a plurality
of blocks (blocks 30) sectioned by circumferential grooves (circumferential grooves 10) and lateral grooves (lateral
grooves 20), and which is formed along a tire circumferential direction, the method comprising the steps of: determining
a resonance sound frequency f being a reference frequency of an air column resonance sound produced by the tire, on
the basis of a ground contact length of the tire in a case where a standard internal pressure and a standard load are
applied to the tire; and determining the number of pitches of the block row in such a manner that a secondary pitch noise
frequency fp2 is shifted from the resonance sound frequency f, the secondary pitch noise frequency fp2 being a secondary
component of a reference frequency of pitch noise arising from the block row at a reference speed being a reference
traveling speed of a vehicle equipped with the tire.
[0009] In this respect, the standard internal pressure is an air pressure corresponding to a maximum load capacity
described in Year Book 2004 of JATMA (Japan Automobile Tire Manufacturers Association). The standard load is a
load corresponding to a maximum load capacity in a case of applying a single tire described in Year Book 2004 of JATMA
(Japan Automobile Tire Manufacturers Association). Outside Japan, the standard internal pressure is an air pressure
corresponding to a maximum load (maximum load capacity) of a single tire described in the following standards. The
standard load is a maximum load (maximum load capacity) of a single tire of an application size described in the following
standard. Each of the standards is specified by an industrial standard which is effective in a region where tires are
produced or used. For example, in the United States, the standard refers to Year Book of "The Tire and Rim Association
Inc," and in Europe, the standard refers to "Standards Manual" of "The European Tire and Rim Technical Organization."
[0010] According to the above feature, the number of pitches of the block row is determined in such a manner that
the secondary pitch noise frequency fp2 is shifted from the resonance sound frequency f. Thus, the secondary pitch
noise frequency fp2 never overlaps with the resonance sound frequency f, thereby achieving effective reduction of the
tire noise (pitch noise and air column resonance sound). The above feature also eliminates the need for forming a wide
circumferential groove in a center portion of a tread for the reduction of only the air column resonance sound or the need
for setting irregular circumferential lengths for blocks for the reduction of only the pitch noise. For this reason, the degree
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of freedom in designing a tread pattern can be secured.
[0011] According to a second aspect of the present invention, there is provided a method of designing a tire according
to claim 1, wherein the block row includes: a center block row formed innermost in a tread width direction; and an outer
block row formed on each side of the center block row in a view of a tread surface of the tire, and in the step of determining
the number of pitches of the block row, the number of pitches of the blocks forming the outer block row is determined
in such a manner that the secondary pitch noise frequency fp2 is shifted from the resonance sound frequency f.
[0012] According to a third aspect of the present invention, there is provided a method of designing a tire according
to claim 1, wherein in the step of determining the number of pitches of the block row, the number of pitches of the blocks
is determined in such a manner that the secondary pitch noise frequency fp2 is lower than the resonance sound frequency
f.
[0013] According to a fourth aspect of the present invention, there is provided a method of designing a tire according
to claim 2, wherein in the step of determining the number of pitches of the block row, the number of pitches of the outer
block row is set to be less than the number of pitches of the center block row.
[0014] According to a fifth aspect of the present invention, there is provided a method of designing a tire according to
claim 1, wherein in the step of determining the number of pitches of the block row, the number of pitches of the blocks
is determined in such a manner that a frequency difference between the resonance sound frequency f and the secondary
pitch noise frequency fp2 is 10% of the resonance sound frequency f or more.
[0015] According to a sixth aspect of the present invention, there is provided a method of designing a tire according
to claim 1, wherein in the step of determining the number of pitches of the block row, a prime number is determined as
the number of pitches.
[0016] According to a seventh aspect of the present invention, there is provided a method of designing a tire according
to claim 1, wherein in the step of determining the number of pitches of the block row, the number of pitches of the block
row is determined in such a manner that the secondary pitch noise frequency fp2 at a traveling speed of 60 km/h of the
vehicle is shifted from the resonance sound frequency f.
[0017] According to a eighth aspect of the present invention, there is provided a tire including a block row which has
a plurality of blocks sectioned by circumferential grooves and lateral grooves, and which is formed along a tire circum-
ferential direction, wherein a secondary pitch noise frequency fp2 is shifted from a resonance sound frequency f being
a reference frequency of an air column resonance sound produced by the tire and being based on a ground contact
length of the tire in a case where a standard internal pressure and a standard load are applied to the tire, the secondary
pitch noise frequency fp2 being a secondary component of a reference frequency of pitch noise arising from the block
row at a traveling speed of 60 km/h of a vehicle, and the block row has the number of pitches which makes the secondary
pitch noise frequency fp2 shifted from the resonance sound frequency f.
[0018] According to a ninth aspect of the present invention, there is provided a tire according to claim 8, wherein the
block row includes: a center block row formed innermost in a tread width direction; and an outer block row formed on
each side of the center block row in a view of a tread surface of the tire, and the outer block row has the number of
pitches which makes the secondary pitch noise frequency fp2 shifted from the resonance sound frequency f.
[0019] According to a tenth aspect of the present invention, there is provided a tire according to claim 8, wherein the
block row has the number of pitches which makes the secondary pitch noise frequency fp2 lower than the resonance
sound frequency f.
[0020] According to a eleventh aspect of the present invention, there is provided a tire according to claim 9, wherein
the number of pitches of the outer block row is less than the number of pitches of the center block row.
[0021]  According to a twelfth aspect of the present invention, there is provided a tire according to claim 8, wherein
the block row has the number of pitches with which a frequency difference between the resonance sound frequency f
and the secondary pitch noise frequency fp2 is 10% of the resonance sound frequency f or more.
[0022] According to a thirteenth aspect of the present invention, there is provided a tire according to claim 8, wherein
the block row has the number of pitches which is a prime number.
[0023] According to the features of the present invention, it is possible to provide a method of designing a tire and to
provide the tire, by which tire noise can be effectively reduced while the degree of freedom in designing a tread pattern
is secured.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024]

[FIG. 1] FIG. 1 is a developed view illustrating a tread pattern of a pneumatic tire 1A according to an embodiment
(Example 1).
[FIG. 2] FIG. 2 is a flowchart illustrating a method of designing a tire according to the embodiment.
[FIG. 3] FIG. 3 is a graph illustrating a resonance sound frequency and a pitch noise frequency according to the
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embodiment.
[FIG. 4] FIG. 4 is a graph illustrating a resonance sound frequency and a pitch noise frequency according to Com-
parative Example.
[FIG. 5] FIG. 5 is a developed view illustrating a tread pattern of a pneumatic tire 1B according to a modified example
(Example 2).
[FIG. 6] FIG. 6 is a developed view illustrating a tread pattern of a pneumatic tire 100 according to Comparative
Example.

BEST MODE FOR CARRYING OUT THE INVENTION

[0025] Embodiments of a method of designing a tire and the tire (pneumatic tire) according to the present invention
will be described next by referring to the drawings. Specifically, the description will be given of (1) Configuration of
Pneumatic Tire, (2) Method of Designing Tire, (3) Advantageous Effects, (4) Modified Example, (5) Comparative As-
sessment, and (6) Other Embodiments.
[0026] Note that, in the following description of the drawings, same or similar reference signs denote same or similar
elements and portions. In addition, it should be noted that the drawings are schematic and ratios of dimensions and the
like are different from actual ones.
[0027] Therefore, specific dimensions and the like should be determined in consideration of the following description.
Moreover, the drawings also include portions having different dimensional relationships and ratios from each other.

(1) Configuration of Pneumatic Tire

[0028] First, a configuration of a pneumatic tire 1A according to an embodiment will be described by referring to a
drawing. FIG. 1 is a developed view (view of tread surface) illustrating a tread pattern of the pneumatic tire 1A according
to the embodiment. Note that the pneumatic tire 1A according to the embodiment is a general heavy-duty tire including
bead portions, a carcass layer, and a belt layer (not illustrated).
[0029] As shown in FIG. 1, the pneumatic tire 1A includes a block row 40 having multiple blocks 30 sectioned by
circumferential grooves 10 and lateral grooves 20. The block row 40 is formed along a tire circumferential direction.
[0030] Specifically, the block row 40 includes a center block row 41, formed innermost in a tread width direction, in a
region including a tire equator line CL of the pneumatic tire 1A and outer block rows 42 formed on both sides (i.e., outer
sides in tread width direction) of the center block row 41 in a view of a tread surface of the pneumatic tire 1A.
[0031] The center block row 41 is not divided in the tread width direction. Note that the center block row 41 may have
a sipe (not illustrated) formed therein and extending in the tire circumferential direction, and may be divided in the tread
width direction by the sipe.
[0032] Each of the outer block rows 42 includes a middle block row 42A and an end block row 42B, the middle block
row 42A formed on the outer side of the center block row 41 in the tread width direction, the end block row 42B formed
on the outer side of the middle block row 42A in the tread width direction.
[0033] The block row 40 (center block row 41, middle block rows 42A, and end block rows 42B) includes the number
of pitches which makes a secondary pitch noise frequency fp2 shifted from a resonance sound frequency f. The number
of pitches included in the block row 40 is a prime number. The number of pitches of each outer block row 42 (middle
block row 42A and end block row 42B) is less than the number of pitches of the center block row 41. How to calculate
the number of pitches will be described later in a method of designing a tire.
[0034] Here, the number of pitches is the number of blocks 30 provided in the block row 40 across one round of the
pneumatic tire 1A. In other words, the pitches denote the intervals of the lateral grooves 20 in the tire circumferential
direction.

(2) Method of Designing Tire

[0035] A method of designing a tire according to the embodiment will be described next by referring to the drawings.
FIG. 2 is a flowchart illustrating the method of designing a tire according to the embodiment. FIG. 3 is a graph illustrating
a resonance sound frequency and a pitch noise frequency according to the embodiment.
[0036]  As shown in FIG. 2, the method of designing a tire includes a step of determining speed, a step of determining
resonance sound frequency, and a step of determining the number of pitches.

(2-1) Step of Determining Speed

[0037] In the step of determining speed in Step 10, a reference speed v (km/h) is determined which is a reference
traveling speed of a vehicle equipped with the pneumatic tire 1A.
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[0038] The reference speed v denotes an average speed (i.e., average rolling speed) or the like in a long distance
travel in which road noise is likely to become a problem. A speed, such as a legal speed or a speed limit at an expressway
is adopted as the reference speed v in some cases. For example, a speed of 60 to 80 km/h can be adopted as the
reference speed v of a vehicle equipped with a heavy-duty tire.

(2-2) Step of Determining Resonance Sound Frequency

[0039] In the step of determining resonance sound frequency in Step 20, a resonance sound frequency f (Hz) which
is a reference frequency of an air column resonance produced by the pneumatic tire 1A is determined on the basis of
a ground contact length 1 of the pneumatic tire 1A, the ground contact length 1 obtained in a case where the standard
internal pressure and the standard load are applied to the pneumatic tire 1A.
[0040] The resonance sound frequency f satisfies the relationship of the following equation where ’1’ denotes the
ground contact length (m) of the pneumatic tire 1A and ’c’ denotes the sound speed (m/s). 

[0041] Note that the ground contact length 1 of the pneumatic tire 1A denotes the average length of the circumferential
grooves 10 of the pneumatic tire 1A, the circumferential grooves 10 coming into contact with the road surface. It is
preferable in terms of calculation to adopt as the ground contact length I the average length of circumferential grooves
10 adjacent to the block row 40. However, there are some cases where the average length of all the circumferential
grooves 10 is adopted or where the average length of all the ground contact surfaces in the tire circumferential direction
is adopted. The sound speed c denotes the speed of sound transmitted through a substance (medium).
[0042] The resonance sound frequency f remains almost invariant irrespective of the reference speed v of the pneumatic
tire 1A. For example, in a case where the ground contact length 1 of the pneumatic tire 1A is 0.213 m and the sound
speed c is 340 m/s, the resonance sound frequency f is 340 / (2 � 0.213) = 800 Hz. As shown in FIG. 3, the resonance
sound frequency f is generally in a band around 800 Hz.

(2-3) Step of Determining the Number of Pitches

[0043] In the step of determining the number of pitches in Step 30, the number of pitches of the block row 40 is
determined in such a manner that a secondary pitch noise frequency fp2 (Hz) is shifted from the resonance sound
frequency f (Hz) (see FIG. 3), the secondary pitch noise frequency fp2 being a secondary component of a reference
frequency (Hz) of pitch noise arising from the block row 40 at the reference speed v (e.g., at vehicle traveling speed of
60 km/h).
[0044] Here, a vehicle traveling speed of 60 km/h is the maximum speed for the vehicle traveling on an ordinary road,
and is in a speed range which is used most frequently in practice. For this reason, if the most effect of reducing tire noise
is exerted at a vehicle traveling speed of 60 km/h, the tire noise during normal traveling can be reduced preferably.
[0045] The reference frequency fp of pitch noise satisfies the relationship in the following equation where ’v’ denotes
the reference speed (km/h), ’p’ denotes the number of pitches (pitches/round), ’r’ denotes the radius (m) under heavy
duty, and ’n’ denotes the order of pitch sound. 

[0046] Here, the radius under heavy-duty r denotes an effective radius of the pneumatic tire 1A in terms of an actual
travel amount, and is obtained by dividing the wheel travel distance for one round by 2π.
[0047] The reference frequency fp of pitch noise varies depending on the reference speed v. The reference frequency
fp of pitch noise includes at least a primary pitch noise frequency fp 1 being a primary component, a secondary pitch
noise frequency fp2 being a secondary component, and a tertiary pitch noise frequency fp3 being a tertiary component.
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[0048] In Step 30, the number of pitches of each outer block row 42 (middle block row 42A and end block row 42B)
is determined in such a manner that the secondary pitch noise frequency fp2 is shifted from the resonance sound
frequency f as shown in FIG. 3. In this determination, the number of pitches of the outer block row 42 is determined in
such a manner that the secondary pitch noise frequency fp2 becomes lower than the resonance sound frequency f.
Accordingly, the number of pitches of the outer block row 42 becomes less than the number of pitches of the center
block row 41.
[0049] The number of pitches of the outer block row 42 is determined particularly in such a manner that the frequency
difference between the resonance sound frequency f and the secondary pitch noise frequency fp2 is 10% of the resonance
sound frequency f or more, preferably 15% of the resonance sound frequency f or more. Note that the number of pitches
is preferably a prime number.

(3) Advantageous Effects

[0050] An object of the method of designing a tire according to the afore-mentioned embodiment is to design the
pneumatic tire 1A which effectively reduces tire noise. The tire noise is noise occurring when the pneumatic tire 1A rolls
on the road surface.
[0051] Causes of the tire noise include the air column resonance sound and the pattern vibration sound (pitch noise),
the air column resonance sound arising from an air column formed by the road surface and the circumferential groove
10, such as a main groove, extending in the tire circumferential direction, the pattern vibration sound being attributable
to an impact applied when a tread on which the lateral grooves 20 are formed comes into contact with the road surface.
[0052] It is difficult to control the resonance sound frequency f, because the resonance sound frequency f being the
reference frequency of air column resonance sound is determined by the ground contact length 1 of the pneumatic tire
1A and the sound speed c. Meanwhile, the pitch noise frequency fp being the reference frequency of pitch noise is
determined by the number of pitches of the block row 40.
[0053] With these taken into consideration, in the embodiment, the number of pitches of the block row 40 is determined
in such a manner that the secondary pitch noise frequency fp2 being the secondary component of the pitch noise
frequency fp is shifted from the resonance sound frequency f (see FIG. 3). This enables an effective reduction of tire
noise (pitch noise and air column resonance sound) since the secondary pitch noise frequency fp2 does not overlap
with the resonance sound frequency f.
[0054] In addition, the embodiment eliminates the need for forming a wide circumferential groove 10 in a center portion
of a tread for reduction of only the air column resonance sound or the need for setting irregular circumferential lengths
for blocks 30 for reduction of only the pitch noise. The embodiment thus enables the securing of the degree of freedom
in designing a tread pattern.
[0055] For example, consider a case where all the block rows in the block row 40 have the same number of pitches
of 63 pitches for 1 round and the reference speed v is 60 to 80 km/h. In this case, as shown in FIG. 4, the primary pitch
noise frequency fp1 is in a band around 400 Hz, the secondary pitch noise frequency fp2 is in a band around 800 Hz,
and the tertiary pitch noise frequency fp3 is in a band around 1200 Hz.
[0056] To sum, if all the block rows in the block rows 40 have the same number of pitches of 63 pitches for 1 round,
the secondary pitch noise frequency fp2 overlaps with the resonance sound frequency f as shown in FIG. 4.
[0057] On the other hand, consider a case as in the embodiment where the outer block rows 42 have the number of
pitches less than the number of pitches of the center block row 41 and the reference speed v is 60 to 80 km/h. In this
case, as shown in FIG. 3, the primary pitch noise frequency fp1 is in a band around 300 Hz, the secondary pitch noise
frequency fp2 is in a band around 600 Hz, and the tertiary pitch noise frequency fp3 is in a band around 900 Hz.
[0058] To sum, if the outer block rows 42 have the number of pitches less than the number of pitches of the center
block row 41, the secondary pitch noise frequency fp2 is shifted from the resonance sound frequency f in such a manner
as to be lower than the resonance sound frequency f as shown in FIG. 3. This enables effective reduction of the tire
noise (pitch noise and air column resonance sound).
[0059] In the embodiment, the braking performance (e.g., traction performance) on a wet road surface can be secured
without the reduction of the number of pitches of the center block row 41, by determining the number of pitches of each
outer block row 42 (middle block row 42A and end block row 42B) in such a manner that the secondary pitch noise
frequency fp2 is shifted from the resonance sound frequency f.
[0060] The number of pitches of each outer block row 42 is determined particularly in such a manner that the frequency
difference between the resonance sound frequency f and the secondary pitch noise frequency fp2 is 10% of the resonance
sound frequency f or more, preferably 15% of the resonance sound frequency f or more. This enables more effective
reduction of the tire noise while the braking performance on a wet road surface is secured. Note that it is preferable to
determine the number of pitches of each outer block row 42 is in such a manner that the frequency difference between
the resonance sound frequency f and the secondary pitch noise frequency fp2 does not cause the resonance sound
frequency f to overlap with the tertiary pitch noise frequency fp3.
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[0061] Since the number of pitches is a prime number in the embodiment, the embodiment enables further suppression
of a sound level of the tire noise than a case where the number of pitches is not a prime number.

(4) Modified Example

[0062] The method of designing a tire and the pneumatic tire 1A according to the afore-mentioned embodiment may
be modified as follows. FIG. 5 is a developed view illustrating a tread pattern of a pneumatic tire 1B according to a
modified example. Note that the same reference numerals denote the same portions as those in the method of designing
a tire and the pneumatic tire 1A according to the afore-mentioned embodiment. Portions different between the embodiment
and the modified example will be described mainly.
[0063] In the afore-mentioned embodiment, the number of pitches of each outer block row 42 is less than the number
of pitches of the center block row 41. In contrast, in the modified example, the number of pitches of the center block row
41 and the number of pitches of each outer block row 42 are determined in such a manner that the secondary pitch
noise frequency fp2 is shifted from the resonance frequency f.
[0064] Specifically, as shown in FIG. 5, the number of pitches of each outer block row 42 is determined in such a
manner that the secondary pitch noise frequency fp2 is shifted from the resonance sound frequency f in the outer block
row 42. The number of pitches of the center block row 41 is made equal to the number of pitches of the outer block row 42.
[0065] Even in this case, the number of pitches of the center block row 41 and the number of pitches of the outer block
row 42 are determined in such a manner that the secondary pitch noise frequency fp2 is shifted to be lower than the
resonance sound frequency f. Each block row 40 has the number of pitches with which the frequency difference between
the resonance sound frequency f and the secondary pitch noise frequency fp2 is 10% of the resonance sound frequency
f or more, preferably 15% of the resonance sound frequency f or more.
[0066] In the modified example, the number of pitches of the center block row 41 and the number of pitches of each
outer block row 42 are determined in such a manner that the secondary pitch noise frequency fp2 is shifted from the
resonance sound frequency f. This involves a sacrifice of the braking performance (e.g., traction performance) on a wet
road surface to some degree. The modified example, however, enables more effective reduction of the tire noise (pitch
noise and air column resonance sound) while the degree of freedom in designing a tread pattern is secured.

(5) Comparative Assessment

[0067] For further clarification of the effects of the present invention, description will be given next of the results of a
test conducted by using pneumatic tires according to Comparative Example and Examples 1 and 2 given below. Spe-
cifically, the description will be given of (5-1) Configuration of Each Pneumatic Tire and (5-2) Results of Assessment.
Note that the present invention is not limited by these examples at all.

(5-1) Configuration of Each Pneumatic Tire

[0068] Firstly, by referring to the drawings and Table 1, the configuration of pneumatic tires according to Comparative
Example and Examples 1 and 2 will be described briefly.
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[0069] Here, the resonance sound frequency f was adjusted in such a manner that all the block rows in the block row
40 have the same resonance sound frequency f, by adjusting a variation in rubber gauge of each pneumatic tire attributable
to the ground contact length 1.
[0070] As shown in FIG. 6 and Table 1, in a pneumatic tire 100 according to Comparative Example, the number of
pitches of the center block row 41 is 63 pitches for 1 round, the number of pitches of each middle block row 42A is 63
pitches for 1 round, and the number of pitches of each end block row 42B is 63 pitches for 1 round. In the pneumatic
tire 100 according to Comparative Example, the secondary pitch noise frequency fp2 overlaps with the resonance sound
frequency f.
[0071] As shown in Table 1, in the pneumatic tire according to Example 1 (a pneumatic tire having the same pattern
as that on the pneumatic tire 1A shown in FIG. 1), the number of pitches of the center block row 41 is 63 pitches for 1
round, the number of pitches of each middle block row 42A is 53 pitches for 1 round, and the number of pitches of each
end block row 42B is 53 pitches for 1 round. In the pneumatic tire according to Example 1, the secondary pitch noise
frequency fp2 is shifted from the resonance sound frequency f in such a manner as to be lower than the resonance
sound frequency f in the middle block row 42A and the end block row 42B.
[0072] As shown in Table 1, in the pneumatic tire according to Example 2 (a pneumatic tire having the same pattern
as that on the pneumatic tire 1B shown in FIG. 5), the number of pitches of the center block row 41 is 53 pitches for 1
round, the number of pitches of each middle block row 42A is 53 pitches for 1 round, and the number of pitches of each
end block row 42B is 53 pitches for 1 round. In the pneumatic tire according to Example 2, the secondary pitch noise
frequency fp2 is shifted from the resonance frequency f in such a manner as to be lower than the resonance frequency
f in all the block rows in the block row 40.

(5-2) Results of Assessment

[0073] The Results of assessment by using the pneumatic tires described above will be described next by referring
to Table 2. Specifically, the description will be given of (5-2A) Noise Performance and (5-2B) Traction Performance on
Wet Road Surface. Data on each pneumatic tire include the following conditions.
[0074]

• Tire Size: 11R22.5
• Rim Width: 7.50 inches
• Internal Pressure Condition: 900 kPa

(5-2A) Noise Performance

[0075] The noise performance was assessed by applying a load of 2500 kg to each pneumatic tire which was mounted
on a test drum, placing the pneumatic tire on a mount used as a road surface, and then rolling the pneumatic tire at a
speed of 60 km/h. The indices of the noise performance shown in Table 2 indicate the noise of the pneumatic tires at
the peak (630 Hz). Here, a smaller index represents a better noise performance.
[0076] As shown in Table 2, it was found that the pneumatic tires according to Examples 1 and 2 were better in the
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noise performance than the pneumatic tire 100 according to Comparative Example.

(5-2B) Traction Performance on Wet Road Surface

[0077] The traction performance on a wet road surface was assessed by causing a vehicle (trailer) equipped with
each pneumatic tire to run around a test course on an iron plate used as the wet road surface. For the traction performance
on the wet road surface, the time required for the vehicle to travel by a distance of 0 to 15 m was measured while the
vehicle was accelerated from an idling state (5 km/h) to a third gear state with the engine speed kept at 2000 rpm. For
the indices for the traction performance on the wet road surface shown in Table 2, values obtained by converting
acceleration of the pneumatic tires according to Examples 1 and 2 are shown while using, as ’100’, a value obtained by
converting acceleration of the pneumatic tire 100 according to Comparative Example. Here, a greater index represents
a better traction performance on the wet road surface.
[0078] As shown in Table 2, it was found that the pneumatic tire according to Example 1 was equivalent in the traction
performance to the pneumatic tire 100 according to Comparative Example.

(6) Other Embodiments

[0079] As described above, the details of the present invention have been disclosed by using the embodiment of the
present invention. However, it should not be understood that the description and drawings which constitute part of this
disclosure limit the present invention. From this disclosure, various alternative embodiments, examples, and operation
techniques will be easily found by those skilled in the art.
[0080] For example, the embodiment of the present invention can be modified as follows. The secondary pitch noise
frequency fp2 has been hereinabove described as being shifted from the resonance sound frequency f in such a manner
as to be lower than the resonance sound frequency f. The shifting is not limited thereto, but the secondary pitch noise
frequency fp2 may be shifted from the resonance sound frequency f in such a manner as to be higher than the resonance
sound frequency f. In this case, it is preferable to determine the number of pitches of the blocks 30 in such a manner
that the resonance sound frequency f and the primary pitch noise frequency fp1 do not overlap with each other.
[0081] The pneumatic tire 1A has been hereinabove described as being a general heavy-duty tire including bead
portions, a carcass layer, and a belt layer (not illustrated). The pneumatic tire 1A, however, is not limited thereto and
may be a tire for a passenger vehicle or the like. Note that the tire is not limited to a pneumatic tire which can be filled
with air. It is a matter of course that the tire may be a tire which can be filled with a fluid other than the air (e.g., nitrogen
only), may be a solid tire (airless tire) which needs no fluid therein, or may be tires of other types.
[0082] The method of designing a tire has been hereinabove described as including the step of determining speed,
the step of determining resonance sound frequency, and the step of determining the number of pitches. The method,
however, is not limited thereto, and do not have to include the step of determining speed. It is a matter of course that
the reference speed v (km/h) can be selected appropriately for each purpose in this case.
[0083] As described above, the present invention naturally includes various embodiments which are not described
herein. Accordingly, the technical scope of the present invention should be determined only by the matters to define the
invention in the scope of claims regarded as appropriate based on the description.
[0084] It is to be noted that the entire contents of Japanese Patent Application No. 2008-239887 (filed on September
18, 2008) are incorporated herein by reference.

Industrial Applicability

[0085] As has been described, the method of designing a tire and the tire according to the present invention enable
effective reduction of the tire noise while securing the degree of freedom in designing a tread pattern, and therefore are
useful in a technique of designing a tire, a technique of producing a tire, and other techniques.

Claims

1. A method of designing a tire including a block row which has a plurality of blocks sectioned by circumferential grooves
and lateral grooves, and which is formed along a tire circumferential direction, the method comprising the steps of:

determining a resonance sound frequency f being a reference frequency of an air column resonance sound
produced by the tire, on the basis of a ground contact length of the tire in a case where a standard internal
pressure and a standard load are applied to the tire; and
determining the number of pitches of the block row in such a manner that a secondary pitch noise frequency
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fp2 is shifted from the resonance sound frequency f, the secondary pitch noise frequency fp2 being a secondary
component of a reference frequency of pitch noise arising from the block row at a reference speed being a
reference traveling speed of a vehicle equipped with the tire.

2. The method of designing a tire according to claim 1, wherein
the block row includes:

a center block row formed innermost in a tread width direction; and
an outer block row formed on each side of the center block row in a view of a tread surface of the tire, and
in the step of determining the number of pitches of the block row, the number of pitches of the blocks forming
the outer block row is determined in such a manner that the secondary pitch noise frequency fp2 is shifted from
the resonance sound frequency f.

3. The method of designing a tire according to claim 1, wherein in the step of determining the number of pitches of the
block row, the number of pitches of the blocks is determined in such a manner that the secondary pitch noise
frequency fp2 is lower than the resonance sound frequency f.

4. The method of designing a tire according to claim 2, wherein in the step of determining the number of pitches of the
block row, the number of pitches of the outer block row is set to be less than the number of pitches of the center
block row.

5. The method of designing a tire according to claim 1, wherein in the step of determining the number of pitches of the
block row, the number of pitches of the blocks is determined in such a manner a frequency difference between the
resonance sound frequency f and the secondary pitch noise frequency fp2 is 10% of the resonance sound frequency
f or more.

6. The method of designing a tire according to claim 1, wherein in the step of determining the number of pitches of the
block row, a prime number is determined as the number of pitches.

7. The method of designing a tire according to claim 1, wherein in the step of determining the number of pitches of the
block row, the number of pitches of the block row is determined in such a manner that the secondary pitch noise
frequency fp2 at a traveling speed of 60 km/h of the vehicle is shifted from the resonance sound frequency f.

8. A tire including a block row which has a plurality of blocks sectioned by circumferential grooves and lateral grooves,
and which is formed along a tire circumferential direction, wherein
a secondary pitch noise frequency fp2 is shifted from a resonance sound frequency f being a reference frequency
of an air column resonance sound produced by the tire and being based on a ground contact length of the tire in a
case where a standard internal pressure and a standard load are applied to the tire, the secondary pitch noise
frequency fp2 being a secondary component of a reference frequency of pitch noise arising from the block row at
a traveling speed of 60 km/h of a vehicle, and
the block row has the number of pitches which makes the secondary pitch noise frequency fp2 shifted from the
resonance sound frequency f.

9. The tire according to claim 8, wherein
the block row includes:

a center block row formed innermost in a tread width direction; and
an outer block row formed on each side of the center block row in a view of a tread surface of the tire, and
the outer block row has the number of pitches which makes the secondary pitch noise frequency fp2 shifted
from the resonance sound frequency f.

10. The tire according to claim 8, wherein the block row has the number of pitches which makes the secondary pitch
noise frequency fp2 lower than the resonance sound frequency f.

11. The tire according to claim 9, wherein the number of pitches of the outer block row is less than the number of pitches
of the center block row.

12. The tire according to claim 8, wherein the block row has the number of pitches with which a frequency difference
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between the resonance sound frequency f and the secondary pitch noise frequency fp2 is 10% of the resonance
sound frequency f or more.

13. The tire according to claim 8, wherein the block row has the number of pitches which is a prime number.
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