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ABSTRACT

Tire cavity resonance frequency is a type of road noise band that is caused by air resonance

noise between the rim and the tire. The internal air resonance noise corresponding to road excitation

can be predicted in frequency based on the circumference length; however, recently, predictions can
be made depending on tire size and velocity, which can be induced by two resonance frequencies,

occurring by forward and reverse rotation of air flow in a complex manner because of rotational

components. For this study, tires’

sizes were first selected at a fixed speed for indoor NVH testing,
and frequency analysis was conducted in vertical and longitudinal directions,

to confirm the reso-

nance frequency for each size in specific speed ranges. Doing so also revealed that different fre-

quency characteristics appeared at different speeds,

and that the two resonance frequencies showed

different patterns both on road surface input and on smooth road driving conditions. Structural fac-
tors in the tires’ circumferential direction also affect the tire OD, and in combination with the tire’s

rotational speed, frequency components are dispersed in a proportion related to velocity.
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Fig. 1 Tire size

Table 1 Structure of tire

Version Concept Structure
V1 Ref. Base
V2 Tread Belt width +8 mm
V3 Tread Belt angle +4 degree
\Z3 Tread Belt angle -4 degree
V5 Tread Cap ply 2 full wrap
\ Side Bead filler height +20 mm
V7 Side Bead compound hardness 1
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Table 2 Noise test result (SPL)
Vehicle Test [SPL, dB(A)]
Version Boom Cavity peak Cavity
20 Hz ~ 150 Hz | 200 Hz ~ 250 Hz | 200 Hz ~ 250 Hz

V1 (ref.) 60.4 52.2 58.2
V2 0.9 -2 0
V3 A 1.6 -3 -0.7
V4 -0.1 2 3
V5 -0.6 5.6 34
V6 1.2 0.7 0.8
V7 1.5 0.3 0.9
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Training data : 4 sizes x 600 versions
Train 70% / Validation 15% / Test 15%

Size factors (3)
INCH, Series, SW

Structure factors (9)

PLY, BF (Turn-up), SB1 Angle, SB1 Width, Bead Filler W,
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ANN : feed-forward network for sensitivity analysis

Fig.2 ANN prediction process
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Table 3 Cavity frequency of size

; oD ; Rim Cavity Cavity
Velocity ] diameter | frequency — | frequency -
[mm)] 1st [Hz] 2nd [Hz]
60 km/h 578 406.4 235 251
80 km/h 578 406.4 230 256
60 km/h 633 431.8 217 233
80 km/h 633 431.8 215 235
60 km/h 652 431.8 213 229
80 km/h 652 431.8 211 231
60 km/h 718 457.2 197 211
80 km/h 718 457.2 195 213

DerivedTacho 1 (OT1)

S

2
Frequency

106
105

Fig. 10 Colormap of on cavity noise (120 kmv/h ~ 20 km/h)
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