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A Experimental study on natural frequency measurement of
passenger car tire under the load and rotation
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ABSTRACT : The natural frequency measurement of passenger car tire under the load and rotation
are studied. In order to obtain theoretical natural frequency and mode shape, the plane vibration
of a tire is modeled to that of circular beam. By using the Tielking method based on Hamilton's
priciple, theoretical results are determined by considering tension force due to tire inflation
pressure, rotational velocity and tangential, radial stiffness. Modal parameters varying the
inflation pressure, load, rotational velocity are determined experimentally by using frequency
responge function method. The results show that experimental conditions are parameter for

shifting of natural frequency.

: Circular beam model{ %5 T ), Natural frequency(il-}2l% ), Mode shape(ZF &
£wt3t4=3), Tire (Elolo])

FR7& &0l
E}), Frequency response function method(3- ¥}

1LAE

Elo]o] & Al Bl o2 T. Kamitamari, H. Sakail71:= %
B 2 bl sy wWed AEBdo Bl
A&, T. Ushijima, M. Takayama[8]i E}o]o]e]

32 £827 232 soldel wol $8A VES
naA S WY AFlRE BACE 284 Ha
olch. #8217t A4 FRY of sl WE] dde
2= ozl dxaisy gdalen) elolo} Aol 7]l z=zidzt Alg#olAdel cisle] dpsldeon, A .
Aol apAzte ulgel A Fsla gk Hel, El Eberhardtmh UAXFZAE ol-§8te] NAslE Elo|

olol &gxle} Amziel M HNAYEREoT Ay o19] A{FAFol riste] o 2sidc).

\-l

rl

ogREY LE 2Ag £8Ae] AYHE HHoln % EEN %-Ln. Elolo] WEZAS wersts] o8 A
231e] £A7 Yol 2 AW G w2k, A Yol #AANH AL oY Az o)
Fd, tlolo] MFol Bl ATE Asmd I T. ole] il MANHA BHow stel Azl 2327

Tielking[l]v‘"— a7} E}o) O] Eyu —E—~%=2r 7] & 7] uto]

S

Aol J)(s} °1?-=; A]*‘ngi F. Bohm[21& Elo]ol &
Fog syt Elolol] B, 5 BAHE 712E ¥
ole] WA E Hnstn Ay WHeR F3st

ou], M. R Barson(3]1Z ¥ A3} Ejojole] 27
of thsled ol-78}elrl. 6. R. Potts, C. A Bell, L, T.
Roylali Eloloid wdAAH e
Elolol2] Ayt ristaAel FHE vjdled Elelo]g)
IRAF ol chslo] AAstalem, W Soedel, M. 6.
Prasad(5]& 213428 Hefol elolo] AFBEE mhet
sl 31F & s HAR Elelo)e] AEF/AEE M A
uk o g ol 7sleirt, M. Takayama, XK. Yamagishil6]i=

Aog myalslsy

b & Aolg Relu glow, Elojo] AFEAHS viets)
71 81 M¥& Elolo “ﬂlt} BAY APz A9
Aztolrh, ubalrM, 2 =Foi = Elo]o] tinz} %%/“}
of Faxlol AN AUS s AN AFH
& metstr] elstel slE, wng, RMN4s B *al"é"
g WA ol iy g zA s H3o] g
ch

2. o1& 3

Efolo]o] AFR I Ed Kool AFEe dx
ol Eloloje] A9, ARl WE(Steel belt)E EdC
K917 RA%Eo] T2 Reof ula] s & HAg 7}
2|3 9lemE Elolo]F Fig. 12} @2 ¢ R mdg



A3 il

Ege wiso oA WS 7183132, Hanilton?]
gloll vlE}g ¥ J. T. Tielking? & ol&3lod, e}
ololel uiRelezt AL out Ay, Edc= W
=} 3 abolel Hawaizt wbF ke FAHE e sle]
sl sl £3, ol A ;A cfste] FAW
Eds R4 9125 WASH: S3 Z2E 09} tlolo]
A rg Ad=ista fele] glAjel oyt f4o uhAEz
e M98 HABE ¢ we] THAREE £9)3tddch

Fig.1 Circular beam model for a tire.
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Table 1 The size and use of experimental tire

Tire Size Use Tire Size Use

185/46R13H | All season

A 156RI13T Summer T

' 18] ‘P175/70RI3T All season| G 185/6113Q | Snow

C Pl75ﬂ0R13§ All season i ?I“ l’185/70!;;1§ All season
YT) 175/7011';;(5 Snow I 1HA6R14HT A;l‘l’ 9;:3;1
&?’74 ~1§/T‘)5Rl3” All season

Table 2 Changed design' parameters of experimental tire

Parameters

Turn up height T

Tire Parameters Tire

H - 1} Cap tread compound | Im- 7

H - 2| Cap tread compound Il H - 8

Turn up height H

H - 3 Belt angle | H - 9 Undor tread gauge [
H-4 Belt angle 11 H - 10| Under tread gauge 11
H - 5§ Beal filler I S H - 11 Nt;ne

H-6 Beal fillr I
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Fig.2 Schematic diagram for a vibration test. A tire
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Fig.3 Schematic diagram for a vibration test
A tire is rotating while a load is applied
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Fig.4 Impact and response in time domain
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Fig. 5 Frequency response function of test tire
by impact hammer(Magnitude/Coherence)
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Fig.6 The variation of natural frequency

and damping ratio by increasing load
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Fig.10 The variation of natural frequency to speed
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Table 3 The variation of natural frequency

by experimental condition

Maode number Clamped Non-contact Contact
1" st 75.0 (Hz) 745 (H2) 130.0 (Hz}
2 nd . 98.5 (IIT) 970 (Hz2) 1440 (1iz)
3nrd 1225 ([17) 121.5 (11z) 1585 (Hz)
4 th 1480 (I12) 1670 (1iz) 171.0 (Hz)
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