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Abstract

The contact pressure distribution of the tire tread block has an important impact on tire wear re-
sistance and grip performance. In this paper, a new optimization procedure to design the surface
of tire patterns is combined with 3D finite element method. The coordinates of the nodes of the
surface of the tread blocks were chosen as the design variables, and the deviation of contact pres-
sure distribution was selected as target variable. The results confirmed that the optimization
technique could lead to a final optimum distribution of contact pressure and better wear and grip
performance.

Keywords

Tread Block, Contact Pressure Deviation, Optimization, Wear Performance, Grip Performance

RAIRESUIRRE R RBALTIR

#oH, RORL FERA

VKB (R E)E R AR, TR il
NLH KR, RESE TSR, 1L 5T
Email: lark@kenda.com.cn, jsdxtire@126.com

Wk HE: 20164F6 H8H; FHHM: 2016%FE6H26H; KA HHI: 20164F6H30H

i

HE
RIATESOREME 1 3 xR i B Re, YOBMEReA B EERN . ASCRIA=ZRFWRuuiks:, BIE

XESIH: K, BR, ERY. RIERSEE IR L] P T2 S5H R, 2016, 5(2): 120-129.
http://dx.doi.org/10.12677/met.2016.52016



http://www.hanspub.org/journal/met
http://dx.doi.org/10.12677/met.2016.52016
http://dx.doi.org/10.12677/met.2016.52016
http://www.hanspub.org
http://creativecommons.org/licenses/by/4.0/

bk %

SRR KT RAAR AT R, UFRSOREHE )W E N B br A R SORR R BAT UM . 45
RRY], GITET DMRACTESUR B ), BB R BB M e AT P e

XK ia
FRTFESCSR, FEARBEME, tutk, B, ditidkee

1. 53|

JIFR T 5% R MR B TR A i B 2 R PR 2, R T A E SR B R AR T PO A 50 B A5 T R P AS
FUIU B 450K 3 BUR AR (0 S AT, TR IR G AR T A6 U B ON R R A 7 AT 70 3 A0 P 3 5 DD O
MR [1]. G AR BEARI JR R 2, et F3 00 A AN 2 B0 ke A BE 45 ) E B R N e ik 2 A5
UESE[2] [3], DA HaE I 0 A 58 AR 4l F R 2038 32 s 73 90 A IR A2 ¥ B B T AN KLU R R 1A RO ez —- N
R R R S, H TR BB PR ARG E AR AR ST, B AR R BN AT B
r R HL JATINGE L AR IR R4 R (A 1 Fs) ALl KR S5 S 8. BEE T SEPLATA IR IC 20 #r
AR, AR 28 23 I L 0 T BOGH e IR et I 77 ) U B33 ) FBUREAT T RIE (4] [5], /98 VAR Z A
MIg5ie . JFERAARNAR 6] R AT B &Ry 51 Wi BT EA X $E R iR e AR AT 1Ak, o5k 1 Btk 730 A
RIL. Dong Woo Lee [7]55A Al oe BG4 E 0 FIFE IO BT R R #EAT T 04k, Bedh, SKIE[8]55A A gtk
Bik, DA AR SR N T AR B e BRI IS ) o A AT 1AL . X R SR VAR e AR B T
PR I ATRGL,  FEAR T M R D0 A, Rt R T2 5. SR, T R A AR SCH ) e i
D134 % FEHIA T G AL G R A B AR . Fse b, RERIGAA R Tt iRy, Aoz
W 3 AARANEI 5, AESTHGL 25 b i) T 703 W L FAd A7 s 4 31 5 (A&l 2 Bow) [9] [10]. IXIE
R IR e T O B (1 e B D IR AR SRR I IR -l 22

A il i S AN E SR N AT IR Y, ATESCERAR I 5 m AR it AR i, DA I 7 F5
608 AR R, AT RLRS B H S T fE st et I AR AT A . SR FRRE XA 7 ks F 2 AN e AL
Berf, SEBLSCE R AR IR IX S ) o0 AT H 20k

2. fhicin) Rtk
2.1. ERBRTER

FIH] Abaqus B ST R B HU A BR TR 4] 3 fias . = 4ERER e K0l 4054, 5 SE0CN 4374,
BRRSE: K 50 mm, %8 50 mm, &5 20 mm. RS RRGE FHRG TR RE,  MORNS BORYE R} 5l hr
IR, A LT Mooney-Rivlin AR 5% R [11]. B fEIAL AR RIE . 437 ik 7E A Sobk b 26 1 e
J11 1800 N #1345 47

2.2. HiikER
2.2.1. T EER

BRRRIAS Y S B SR 10 A A B E R, WRA R, IR AL S0 i REH T F7 0 A 2 B 584
IR TRGE G . Nk, A TR B SO R T 25 AR FRE N R R &

2.2.2. BI¥ReREHER
B A TED B 451 R DA TH] B 53 (403 R 28 S0 P R 5 TR RPN o 5 B B SE BRI Wl A i A AN 1) 2 BE 4%

(=)



Rtk %

Figure 1. Parameters of tread crown optimization
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Figure 2. Contact pressure of pattern block
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Figure 3. FEA model
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Figure 4. Process of optimization
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Figure 5. The iterative process
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Figure 6. The surface shape after optimization
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Figure 8. Comparison of the contact pressure distribution of the two node paths; (a) Path a; (b) Path b
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Table 1. The comparison of maximum contact pressure and the deviation of contact pressure before and after optimization
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Figure 9. The road boundary conditions
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Figure 10. The comparison contact pressure distribution; (a) original; (b) optimized
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Figure 11. Comparison of road surface
tangential friction force
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Figure 12. The finite element model of tire
pattern
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Figure 13. Shape of tire pattern: (a) Original; (b) optimized
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Figure 14. The road boundary conditions
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Table 2. The comparison of tire maximum contact pressure and the deviation of contact before and after optimization
72 2. AR R R#EME D RIBEEXTEE

i H R Ak i Ak 5
B FEE 71 (MPa) 12.89 7.79
JE 3 m A (MPa) 0.955 0.542

20000
18000
16000

2 14000

~ 12000

gloooo o
)@‘ 8000 —— AL
E 6000 =G
= 4000

2000

0
0123456 78 9101112131415161718

Viipg

Figure 15. Comparison of road surface tangential friction
force

Bl 15, LRI Rt mE Yl E B AT

6. &it

ARSCR F RS B 37320 B DS BARAE Srdb AT T IR 7T, IRt 4t RIS 21— E 1
TR b, XRAR I ORPEREREST TR T, SRS BT

(1) MHEREE RS AR S SCHR BB AT LAFE H . AESUR AR T TR S iR H Bt 1 RE A AR K i szmid, T
LA IE AR R AR E S R TR AR R SO R R i R 1 e

(2) XTI RE L AL R, A% B H SR TR RE NSRS R R A, 19 B AR AL S R

(3) MRALGE RAEMIAESULARAS ety [ 75 7341 DL A B 7 BA 25 s o, Sl & PR AE SL A ki A
FUASSCE R IR 0 S S AN I 1 E

EHEUmHE

L RIS R BI(ON H %5 13JDG076); [E 5 H AR EL -3t 4 ¥ B(51405201) .

SE Wk (References)

[1] Gent, A.N. and Walter, J.D. (2005) The Pneumatic Tire. NHTSA, Washington DC.
[2]1 #&, HERR, BBl EREITRERR R BRI ] RE L Z 58k, 2014(10): 27-33.
[81 ERE, wilgEs, X, & R ELIRS AN A NG I A AR [J]. T EHLC R, 2016(7): 975-981.

[4] Pranoto, S.E., Hidayat, R., Tauvigirrahman, M., et al. (2016) Numerical Analysis of Tire/Contact Pressure Using Finite
Element Method. American Institute of Physics Conference Series, 1124-1132.

[5] Cao, P., Zhou, C., Jin, F., et al. (2016) Tire-Pavement Contact Stress with 3D Finite-Element Model: Part 1:
Semi-Steel Radial Tires on Light Vehicles. Journal of Testing & Evaluation, 44, 788-800.
http://dx.doi.org/10.1520/jte20150234

[6] AFJEER, WhIRDLECHA NG TE TR A B B R 7 F1 e RETEVE D], TR 224 (B SRR R), 2006, 46(5): 736-739.

[71 Lee, D.W. Kim, J.K., Kim, S.R. and Lee. K.H. (2011) Shape Design of a Tire Contour Based on Approximation Model.
Mechanical Science and Technology, 25, 149-155. http://dx.doi.org/10.1007/s12206-010-1108-7

[8] k. T AN TERER ARG B[], #2 Tolk, 2010, 57(11): 655-658.



http://dx.doi.org/10.1520/jte20150234
http://dx.doi.org/10.1007/s12206-010-1108-7

LRI

[9] L, FAh. EARMRMEIELE A R IT i BB 7T [0]. 48 Tk, 2016, 63(2): 102-106.

[10] Oda, M. and Hara, T.A. (1995) Characteristic on Abrasion Pattern on a Sliding Surface of Rubber under Stickslip Mo-
tion. JSME (A), 61, 1663. http://dx.doi.org/10.1299/kikaia.61.1663

[11] Tang, T., Johnson, D., Smith, R.E., et al. (2014) Numerical Evaluation of the Temperature Field of Steady-State Roll-
ing Tires. Applied Mathematical Modelling, 38, 1622-1637. http://dx.doi.org/10.1016/j.apm.2013.08.033

[12] JE4kfl, REFRRIM]. dbat: Jbat B T RS H ket 1996.

[13] Pillo, G.D. and Lucidi, S. (1996) On Exact Augmented Lagrangian Functions in Nonlinear Programming Problems.
Plenum Press, New York.

[14] Pillo, G.D. and Lucidi, S. (2001) An augmented Lagrangian Function with Improved Exactness Proper Ties. SIAM
Journal on Optimization, 12, 376. http://dx.doi.org/10.1137/S1052623497321894

[15] MRifEaR. W B ZAe 8 P& G A PR T @7 iE[d]. 1 Tolk, 2012, 59(5): 296-299

L !
Hans )i
BIRERBEBEZUTRS:
RS HRS (QQ. s, HEF &)
s U A B &0 3d B AT
24 /NI LY g8 s O T e 1)
S IRAE 2R Bk ST
LNV [E AT VR B
S0 IRG 2R
LB 78 o5 T A

PeREiE 5w http://www.hanspub.org/Submission.aspx

Noo~wNRE



http://dx.doi.org/10.1299/kikaia.61.1663
http://dx.doi.org/10.1016/j.apm.2013.08.033
http://dx.doi.org/10.1137/S1052623497321894
http://www.hanspub.org/Submission.aspx

	Surface Shape Optimization of Tire Pattern
	Abstract
	Keywords
	轮胎花纹块表面形状优化研究
	摘  要
	关键词
	1. 引言
	2. 优化问题描述
	2.1. 花纹块有限元模型
	2.2. 优化模型
	2.2.1. 设计变量选取
	2.2.2. 目标函数选取
	2.2.3. 优化模型


	3. 优化过程
	4. 结果分析与讨论
	5. 轮胎花纹优化
	5.1. 轮胎花纹有限元模型
	5.2. 优化过程及结果分析
	5.2.1. 轮胎磨损性能分析
	5.2.2. 轮胎抓地性能分析


	6. 结论
	基金项目
	参考文献 (References)

