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Fig.1 Construction procedures of vehicle dynamic model
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Tab.1 Some parameters of vehicle dynamics model

FeAL
& H FL FR RL RR
KNG Ay HC T/ kg 468 468 320.5 320.5
FERHTH AR /R R F) X 10°/0 (%) « N7 74.650 —67.970 5.339 —15.520
SO M1 2R /R B 1R 73 X 10%/[(°) + mm '] 1.706 1.746 15.520 15.600
TERHTHR AR /R RN F X 10°/[ () « N —4.012 —3.775 7.319 7.074
SO NLRS /FR Ha 1R 3 X 10%/[(°) + mm '] 26.270 29.930 2.821 2.919
HERHTHR AR /R P IE S X 10%/[(°) « (N = m) ] 30.430 30.370 6.742 6.926
AT/ () —0.062 —0.074 0.266 0.166
LR RIS/ () —1.073 —1.007 —1.361 —1.681
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Fig.2 Instruments for tire compound property tests
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Fig.3 Construction procedures of tire thermal-mechanical
coupling finite element model
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Tab.2 Vehicle handling stability test conditions
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Fig.4 Simulation and test curves under constant steering
wheel angle condition (turn left)
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Fig.5 Simulation and test curves under constant steering
wheel angle condition (turn right)
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Tab.3 Response precisions of output indexes of
vehicle dynamic simulation %
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i H

SE 7 1) 5857 41 R85 1o v 7 A P2
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Tab.4 Tire loads and four wheel positioning informations under some conditions (turn left)
AVES 3"/8" ) el S
el i/ M/ RRETR R SR/ S/ FERETCR FRMmT SR/ B/ FRETR AR
kg (km-+h")  f/() /() kg km-h") /) /) kg (km-h") /0 /)
FL 397.34 18.67 —0.69 1.03 354.64 22.87 —1.25 1.51 353.70 24.91 —1.34 1.68
FR 551.72 20.72 —1.10 —0.46  597.33 25.37 —1.56 0.07 596.85 27.23 —1.48 0.08
RL 287.84 18.37 —0.55 2.20 268.58 22.52 —0.96 2.70 269.52 24.65 —0.96 2.70
RR  348.99 20. 46 —0.87 —0.77 366.24 25.07 —1.23 —0.24  367.19 27.00 —1.25 —0.24
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Tab.5 Temperature field prediction results of failure prone observation points of

different scheme tires (turn left) c

iES L TR A i it d Y A1 e P o v 1) iy ek H 0 B 1 O

' FL FR RL RR FL FR RL RR FL FR RL RR
1 29.20  31.60  27.20  29.00 30.90  36.80  27.40  30.40 27.10  27.80  26.60  27.00
2 29.90  36.50  27.60  31.60 30.60  46.10  27.50  34.30 28.20  30.10  27.60  28.60
3¢ 30.00  41.40  27.70  34.10 29.80  56.40  27.50  38.60 30.10  32.70  28.80  30.50
4" 30.20  47.00  27.80  36.90 29.60  69.10  27.60  43.80 33.10  36.20  30.60  33.10
5" 30.80  54.40  27.80  40.40 30.10  85.40  27.90  50.70 36.90  41.10  32.90  36.40
6" 29.20  40.20  27.10  32.20 29.40  54.90  26.90  35.60 28.20  32.50  27.80  29.20
7" 29.60  40.60  27.40  33.30 29.50  55.20  27.20  37.20 29.20  32.50  28.40  30.00
8" 30.00  41.40  27.70  34.10 29.80  56.40  27.50  38.60 30.10  32.70  28.80  30.50
9 30.40  42.20  28.00  34.90 30.10  57.90  27.70  39.80 30.90  33.10  29.20  31.10
10" 30.70  42.90  28.20  35.60 30.30  59.20  27.90  40.80 31.50  33.40  29.60  31.50
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Fig.6 Temperature changes at right endpoint of
1% belt layer (turn left)
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Fig.8 Maximum temperature changes at center of
tire crown (turn left)
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Fig.9 Distribution nephograms of tire temperature fields after warming up under different

vehicle body lateral accelerations (FR)

%ﬂﬁ {1 e L R o J57 52 8 88 A A AR Ak, PRI AN )

W52 Jif2 T 50 5 | A 2 5 A D 3 e o B Bl
DA R S UE o e P A B SR PR R R TR
R A () o

5 i
A TAEXT 50 ) ) AR R f8 G -1 #R &

RN AT TR TR AR A O H k. 2 TR 2
AR A R RRS 1ol B 00T SR 10 5 i
Uik RO KB Wb SN S A SN (WK e b Ak i
BRI, a5 T RG-SR
T2 W [ AR AR A0 B0 2 AR AR P B
M ALBE, A DL 458

(1) ZE A4 A R P 0 T >R P8 25 [ 2 1



% 4 0 TN 5 RS PR A 4 26 M 5 249

G, 7 I AR AN 2 B 0 1) Jn R T T
S ) 0 AN [l A 2 AR T T A A iR R A
TR T B R (B 3h K

(2) BRI TV RL IF 0 T iR A8 A o 42 Bl

T 03k 90k 2 AR SRR 5 72 1) 4 5 2 B0 ) o
R A 8 K5 A I i 43 i 97 A 22 TE A DGRk
FES A MR ANEVE T, RE9% IRl 48 iGETt

(3) W% i 51 56 6 TR R 19 28 Ak g A8 1 o)
s GATE A Ty 2 R e e 1 AR 2 M S DX

Ml AR , 5 5 SR R R e M 1
SRR 2% I A Bl ) 2 7 BB UE AR T i
R R R

PEAh, AR IR Z00 R — A MR AT e 4

6 A RN [ 2 s B I 6 I 6 e PN O
W22 5, Xt R R R e M I 5 | Ak s
HHAF LI IEN Z —.

SE K :

[11 2 EREARE T AR R B2 AR E MR8 77 75 : GB/T
6323—2014[S]. Jtut: th EARHE L FHE, 2014,

ARE WA, SETEME , A5 VRSB X A2 IE SRS E B 1 O3
M. ¥4 T2 ,2017,39 (4) :440-446.

LI L, SHI SM, WANG X B, et al. Analyses on the effects of

—
A

rolling resistance on the motion stability of vehicle[J]. Automotive
Engineering,2017,39 (4) :440-446.
[3

[t

ROSA R D,STAZIO F D,GIORDANO D, et al.Thermotyre:
Tyre temperature distribution during handling manoeuvres[J].
Vehicle System Dynamics,2008,46 (9) :831-844.

RS- e RO IR & 0 e SO RO FEID]. KA 5 MR 2%,
2018.

N
=

CHEN P. Research on tire thermo-mechanical coupling mechanical
characteristics and modeling[D]. Changchun: Jilin University, 2018.
FE . 5 R IR B S 0 A Uni Tire 8 AR A5 51 &% 0 FHS6IE[D]. K
A MRS, 2020.

LU L. UniTire tire model considering the effects of wear and

o
)

temperature and its application verification[D]. Changchun: Jilin
University,2020.
[6

LUL,LUD,WU H D, et al. Research and modeling of tire cornering
characteristics considering temperature based on UniTire model[J].
Proceedings of the Institution of Mechanical Engineers, Part D:
Journal of Automobile Engineering,2022,236(4) :497-511.

[7] CLARK J D, SCHURING D J. Load, speed and inflation pressure

effects on rolling loss distribution in automobile tires[J]. Tire Science
and Technology, 1988,16(2) : 78-95.

L 7 U o5 == O B B o b e[ RS B R 77K | B2 4
ABGEIHIIL. #1998, 18 (6) :330-335.
WEIYT, LIUYY, DUX W, et al. Non-linear FEA of rolling
resistance and temperature profile of radial tire[J]. Tire Industry,
1998,18(6) :330-335.

[9] GIBERT J M, ANANTHASAYANAM B, JOSEPH P F,

—

et al. Deformation index—based modeling of transient, thermo-—
mechanical rolling resistance for a nonpneumatic tire[J]. Tire Science
and Technology,2013,41(2) : 82-108.

[10] CHOJ R, LEE HW, JEONG W B, et al. Numerical estimation
of rolling resistance and temperature distribution of 3-D periodic
patterned tire[J]. International Journal of Solids and Structures,
2013,50(1) :86-96.

[11] E M, 2o, R0, 55 B A5 IR S S B R S BT Y 52
SAHTLN AR Tl , 2019, 66 (2) :83-88.

WANG G L, AN D F, WU X, et al. Effect of tread pattern
parameters on rolling resistance of PCR tire[J]. China Rubber
Industry,2019, 66 (2) : 83-88.

[12] JAEEET, 22 FLER, Wi, 55 5 T AR B s A A AL 58 i
REAEIRDI] SRR S TR, 2020,36 (3) :73-78.
ZHOU MY, LIF Z, YANG H B, et al. Tire rolling and heat
generation based on nonlinear viscoelastic model of parallel
rheological framework[J]. Polymer Materials Science &
Engineering,2020,36 (3) : 73-78.

[13] YDREFORS L,HJORT M,KHARRAZI S, et al. Rolling resistance
and its relation to operating conditions: A literature review[J].
Proceedings of the Institution of Mechanical Engineers, Part D:
Journal of Automobile Engineering,2021,235(12) :2931-2948.

[14] ALI R, DHILLON R, GINDY M E, et al. Prediction of rolling
resistance and steering characteristics using finite element analysis
truck tyre model[J]. International Journal of Vehicle Systems
Modelling & Testing,2013,8(2) :179-201.

[15] Anfh. AR A TE AR BBy B 2 5286 4 BT (D). KA« 754K
K#,2021.

ZHU C W. Modeling and experimental analysis of steady-
state rolling resistance of automobile tires[D]. Changchun: Jilin
University,2021.

[16] PARSHETTI V. Sensitivity study and optimization of magic
formula tire parameters for vehicle handling and steering targets[D].
Sweden : Chalmers University of Technology,2021.

[17] TEY J Y, RAHIZAR R. Handling performance optimisation for

formula vehicle using multi-objectives evolutionary algorithms|[J].



250 K

T

2023425704

Vehicle System Dynamics, 2020, 58 (12) : 1823-1838.

[18] CHO JR,KIM K W,YOO W S, et al. Mesh generation considering
detailed tread blocks for reliable 3D tire analysis[J]. Advances in
Engineering Software,2004,35(2) : 105-113.

(19] il JoR R, 2R SRR mI Ak A% M 1 S YA IROT /M I
DRSS ZRWEFELI]. ARBE Tl , 2021, 68 (11) :822-826.

MENG Z H,SHI C X,ZHAI M R, et al. Finite element analysis of
tire PRAT and study on key influencing factors[J]. China Rubber
Industry,2021,68 (11) : 822-826.

[20] SREE, WM, IR, 45 AU TR AR IR R A5
XA N v I R 3 1 S B S (0], AR Tk, 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

211 & H Z K. A iS4 -3 GX 20193 Pro 1. 5T CVT#) 4 it
[ VI[DB/OL]. [2022-04-10]. https: //car. autohome. com. cn/
config/spec/40170. html#pvareaid=3454541.

[22] 2=, skoefh , BRI, B T A0 B SRR A e 1 14 4 i) R A
52091, A2 Tlk, 2020, 67 (7) :495-501.

LI X L,ZHANG Y W, QIU H X. Study on vehicle response based
on steady and transient characteristics of tire[J]. China Rubber
Industry,2020,67 (7) :495-501.

[23] 4% G T 00T I REE RS R B3 58D, K
IR, 2021
WANG K X. Research on high precision calculation method of
thermal-mechanical coupling problem under complex working

conditions[D]. Changsha: Hunan University,2021.

pattern[J]. China Rubber Industry, 2022, 69 (8) : 578-585. Wis HEA:2022-12-05

Study on Influence of Vehicle Steady-state Cornering on
Thermal-Mechanical Coupling Response of Tires

MENG Zhaohong'*,SHI Caixia',ZHOU Lei',ZHAI Mingrong’, YU Chenglong” ,ZHUANG Lei’
(1. Qingdao Doublestar Tire Industry Co. , Ltd, Qingdao 266400, China; 2.Qingdao Lunyun Design and Research Institute Co. , Ltd,
Qingdao 266400, China)

Abstract: The influence of vehicle steady—state cornering on the thermal-mechanical coupling response
of the tires was studied. The results showed that when the tires were warmed up by means of steady-state
cornering before the vehicle handling stability test, the tire temperature gradient and amplitude fluctuation
under the conditions of constant cornering radius and variable lateral acceleration of the vehicle body
were larger than those under the conditions of constant lateral acceleration and variable cornering radius.
During the vehicle steady-state cornering, the tire temperature change was very sensitive to the lateral
acceleration fluctuation of the vehicle body. When the vehicle turned left, the increase of lateral acceleration
was positively correlated with the load distribution of the right tire. Under the action of sideslip combined
with camber condition, the tire temperature rise could be aggravated. The tire temperature change caused by
warming up altered the response of mechanical properties such as tire sideslip and longitudinal slip, causing
unstable hysteresis amplitude in the nonlinear slip zone, which easily lead to poor repeatability of vehicle
handling stability test result, and thus brought difficulties to vehicle dynamic simulation verification and
model adjustment. The results of this study could provide guidance for vehicle tests.
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