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Fig.1 Construction procedure of finite element model of tire
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Tab.1 Basic informations of 8 types of tires
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Fig.2 Finite element models of 8 types of tires
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Fig.3 Correlation between deflection simulation values and
test values of tires
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Tab.2 Comparison of footprint simulation results and

test results of tires
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Fig.4 Variation correlation between deflections and

belt angles of tires
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Fig.5 Variation correlation between deflections and

120

belt warp densities of tires
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Tab.3 Variation correlation between footprints and
belt angles of tires
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Tab.4 Variation correlation between footprints and
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Fig. 6 Correlation of stiffness simulation values and

test values of tires under 120% load
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Fig.7 Variation correlation between stiffnesses and

belt angles of tires
PEASALIE BN —0.5~+1.5 N e mm ', i b ] %00
e R A 1) O R IR B A2 1 BEURS s ]I
O I AR A ) DO R £ B R SR B IV Y I
2V SRR A R R AR AR B 2 36—

MRSIETT LA, 5 RR S B AL,
O A1 JRE 7S A 5 i 1) DI S e R

3 #ig

(1) 5 W2 L% AR LG, 7 o2 A B AR Ak
X TG R DAL b IR R 52 e R AR iR
(R A28 i) DI RS oy D2 B 5 B3 A B 8 1 R A
N

(2) % i A A P REBE T A2 A B2 AR AR
P75 G i TR 5L

S5 3k
[1] WAl , SRR A5 R RA R T A AR ER A B



106 %ok Tk 202445714
x5 TRERAESZZKTEXMNREBNMETHENIIE
Tab.5 Influence of belt angles and warp densities on stiffness variation values of tires N+ mm'
K i 2R S R 2 2 )

TR WL AR i 1] W PE AR AL (B R RIS A 1o W P AR A
Lty —4.5~0 —2.7~0 0~+0.4 —0.7~+0.8
a2 —12.7~0 —2.7~0 0~+1.3 —1.0~+1.4
63 —13.9~0 —1.5~0 —0.7~4+2.1 —0.8~+1.4
ihha —14.5~0 0~40.7 —0.9~+2.0 —0.9~+1.4
ks —14.8~0 —0.5~40.3 —0.4~40.2 —0.9~+1.1
iehhe —12.7~0 —0.9~+0.6 —1.5~+4+2.5 —3.0~+3.9
7 —13.7~0 —0.2~+0.8 —0.6~4+0.9 —1.1~+1.5
Lty E —6.7~0 0~+8.8 —1.5~+4+2.4 —1.8~+2.6
ARk —14.8~0 —2.7~+38. —1.5~4+2.5 —3.0~+3.9

T AR IR BB N AL T 52 7 G AR IR B0 R R AR A DX TR] , AR I TR J22 A 52 A 228 2 i ) T 49

RERIREIM (I, G Tal, 201,31 (9) :525-533.
CHEN Y G, WU G Z. Effect of belt structure on footprints and
braking performance of high speed PCR tire[J]. Tire Industry,2011,
31(9) :525-533.
AT, TARLE IR A BT 5 G BoRIM. LT Ak Tl i
1,2006.
THHE R, B F1 2. 4 0. 225UT OCHH R 0 22 1 26 1
P T RAE AR T2 PRI, $E AR Tl , 2022, 42 (11) : 682~
684.
NING Y T,LIU F L, YANG H T,et al. Application of 4X0. 225UT

[2

=

[3

far

OC ultra high tenacity steel cord in belt of steel-belted radial tire[J].
Tire Industry,2022,42 (11) : 682-684.

SR K, R, A RSB P AR IR R
TR fe AR Tk, 2022,42(12) : 711-714.

GUO L L, HU D B, CUI Z B, et al. Optimization of belt design for

,_
.ﬁ

low rolling resistance passenger car radial tire[J]. Tire Industry,
2022,42(12) : 711-714.

[5] ‘%‘]lﬂﬂ FEIEAE | JH 58 5L, A6 Y A X T P AR i v

BRI 8Tl ,2020,40 (4) :216-218.

NING W M, JIANG Y H,ZHOU M Y, et al. Effect of belt angle on
high-speed performance of passenger car radial tire[J]. Tire Industry,
2020,40(4) :216-218.

[6] iz, Mhssl, TH. 205/55R16 91V 42 F /LR 4 MG s THI]. 12
JERHE,2022,20 (4) : 189-192.
GAO Y,QU B J,WANG J. Design of 205/55R16 91V passenger car
radial tire[J]. Rubber Science and Technology,2022,20 (4) : 189-192.

[7] FBIEA". FALEe BB AR SR ML A ER AR K
fiRAL, 1994

[8] BRI, 2T, b, 45, 235/45RISHE R )2
AL AR T, 2020,67 (3) :209-213.
HUANG Z G,LI CY,MENG X K, et al. FEA optimization design of
belt cord for 235/45R 18 tire[J]. China Rubber Industy,2020,67 (3) :
209-213.

(91 &I, GePbP), IR H N, 45, A A2 K FE iR He b EVIR Y S M i
FE0]. Tl , 2021, 68 (1) : 10-16.

A ot

Ko DIREK3,
CUI Z B,HOU D D ,SU Z Q,et al. Effect of belt expansion on tire
ground footprint[J]. China Rubber Industy,2021,68 (1) : 10-16.
[10] E58L. 205/55R16 7 LA i as ks it Vil fUZ e fb 5 g
WFFEID). 7 & : 7 SRR, 2020.
WANG B K. Structural design, belt layer optimization and
performance study of 205/55R 16 radial tire[D]. Qingdao: Qingdao
University of Science and Technology ,2020.
(] ISR, W BUR R 6T, 45 0 T OGO Bk 4
THEREFELI. R Tl 2021,41 (7) :414-418.
ZHAI M R, MENG Z H, SONG M Q, et al. Study on residual

R4 el IE

aligning torque of tire based on finite element method[J]. Tire
Industry,2021,41(7) :414-418.

[12] SRR, R, 90, A S AR AB AU 2 TR A IR 2 4514
X4 i e LR 37 04 S F S L), ARUBE Tll, 2022,69 (8) : 578~
585.
SHI C X, MENG Z H, SU M, et al. Study on influence of belt
structure on high—speed temperature field of PCR tire with complex
pattern[J]. China Rubber Industy,2022,69 (8) : 578-585.

_
w

CHO J C,JUNG B C. Prediction of tread pattern wear by an explicit
finite element model[J]. Tire Science and Technology,2007,35(4) :
276-299.

[14] CHO J C. Simulation—Improved prediction of tire cornering force
and moment by using nonlinear viscoelasticity and transient thermal
analysis through explicit FEM[C]. 7th International Munich Chassis
Symposium 2016. Wiesbaden : Springer Vieweg,2017.

[15] CHO J R,KIM K W,YOO W S, et al. Mesh generation considering
detailed tread blocks for reliable 3D tire analysis[J]. Advances in
Engineering Software,2003,35(2) : 105-113.

[16] 5K ICHT, Z A, 2080 °F, 45 5 450 IR Z5 A e btk 5 3 M5 [0,

FIA T, 2021,41 (8) : 520-523.

ZHANG W Q, WU J, LI Z P, et al. Study on structure
characteristics and comfort of passenger car tire[J]. Tire Industry,
2021,41(8) :520-523.

7% B #9:2023-10-27



B SR AT AR A0 BE 5 LR 2 B X 4 1 R AR M T S R RE 1R R 107

Influence of Belt Angle and Warp Density on Static Performance of
Passenger Car Radial Tire

ZHAI Mingrong', WANG Jun,MENG Zhaohong',SONG Meiqin',SHI Caixia’, YU Chenglong'
(1. Qingdao Lunyun Design and Research Institute Co. , Ltd, Qingdao 266400, China; 2. Qingdao Doublestar Tire Industry Co., Ltd,
Qingdao 266400, China)

Abstract: Under the premise of a high correlation between the finite element simulation results and the
experimental results of the deflection and footprint, the single variable method was used to explore the effects
of belt angle and warp density variation of passenger car radial tire (referred to as the tire ) on its static
performance such as the deflection, footprint, radial stiffness and lateral stiffness. The results showed that
compared to the belt warp density, the belt angle variation had a greater impact on the deflection, footprint
and stiffness of the tire. The radial stiffness and lateral stiffness of the tire decreased with the increase of
the belt angle. The trend of the static performance of the tire with the belt angle was also influenced by the
flatness of the tire.

Key words: passenger car radial tire; belt angle; belt warp density; static performance; finite element

simulation
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