CHREE I B o X @ K F F R Vol.55 No. 7
20214 7 A JOURNAL OF XI” AN JIAOTONG UNIVERSITY Jul. 2021

RRIFEEHNFTNZHIENTER
PR EE T
PhESR 0, IR, RMEFE', PAK Kin Wong® ., g

QL ILHRFIRE TSR, 212013, JLHEIIL; 2. EHERFRERL STHRER
EASLRE, 100084, Jbat; 3. M RFEHNE TR, 999078, WD)

HE. #2508 I FBRARABXAL AEDSREFOHRETHITEMALD H F 4%
e LR — AR TRIBR DGR BIE A FHRESBEG W RAERET &, AT FR X406
HEHFMXES EHERT RS 124.6 530.8 036,9 468,11 760 N 5 5 A& & & 4, #s
JE 880 kPa, Rt B4 F EATEE A —1~0.5, A B & £ 5 A 4 0.34 A= 0. 77 4 % A % @
FHTOHERERNE AN FHEREHIE, Al b S RXBRERRAFT oW HETHRIBH ST
5432 nRE R — KR X R RIS EGHH R TR ITF N TR K
PR, HRIZHRABHBERE GHTFRARAKE T AR S BE 2 KIEERXBF 3 ARV AR,
2 %) KA Bt 6 K-means | 5 > = & oA B B A AR IR 0L 34 @) B HUSE S ok 3EAT 55 I, 5k A4 TR R
BmAe s MR @SR KRT 10 M atFAA N TMALBEXRBIE D FHBERXBHE. HB
ER RS G R G AL R SR BB T, £ R A, TP IR R B A AL 4
MR R ARG A R YR S F A R BRI E S T 95%.

KR : FH MW N FR MR R 5 BT M PR
PESES: U463.3 XHEREMLE: A

DOI: 10.7652/xjtuxb202107006 XEHS . 0253-987X(2021)07-0052-09

Modeling of Tire Longitudinal-Slip Mechanical Characteristics
Based on Piecewise Affine Identification Method

SUN Xiaogiang"?*, HU Weiwei', WU Pengcheng', PAK Kin Wong®, CHEN Long'

(1. Automotive Engineering Research Institute, Jiangsu University. Zhenjiang, Jiangsu 212013, China;
2. State Key Laboratory of Automotive Safety and Energy, Tsinghua University, Beijing 100084, China;

3. Department of Electromechanical Engineering, University of Macau, Macau 999078, China)

Abstract: Due to complex form and difficult parameters fitting of the traditional tire mechanics
model, it is not convenient for users to design vehicle dynamic control system. In this work, a
data-driven modelling method for the tire longitudinal-slip mechanical characteristics is proposed
based on piecewise affine identification approach. Firstly, the experimental data, which can
accurately reflect the tire nonlinear longitudinal-slip mechanical characteristics under the
conditions, where the tire vertical loads are respectively 3 124, 6 530, 8 036, 9 468 and 11 760
N, the tire pressure is 880 kPa, the variation range of tire longitudinal slip ratiois —1—0. 5, and

the road peak adhesion coefficients are 0.34 and 0.77, are obtained through a flat-plate test
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bench. On this basis, by analyzing the experimental data, the general mapping relationship
between the tire longitudinal force and its main influencing factors is determined; and then
effective identification of the tire longitudinal-slip mechanical characteristics can be conducted by
adopting the piecewise affine identification theory. The aforementioned identification procedure
mainly consists of experimental data clustering, parameters estimation of affine submodels, and
computation of the hyperplane coefficient matrices, which are accomplished by using the
algorithms such as modified K-means, least square, and fuzzy weighted proximal support vector
machines, respectively. Finally, 10 affine submodels are obtained for low adhesion road and high
adhesion road, respectively, to fit the experimental data of the tire nonlinear longitudinal-slip
mechanical characteristics. To verify the accuracy of the identified tire model, the model
simulation data are compared with the experimental data. The comparison results show that the

overall fitting accuracy of the model is more than 95% , thus the identified model can approximate

the tire nonlinear longitudinal-slip mechanical characteristics with high accuracy.

Keywords: vehicle; tire; longitudinal-slip mechanical characteristics; nonlinear modeling;

piecewise affine identification
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Fig. 1 Test bench of the tire longitudinal-slip characteristics
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Table 1 Setting of test conditions for tire longitudinal-slip

mechanical characteristics
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Fig. 2 Test results of tire longitudinal-slip mechanical

characteristics on low adhesion road
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Fig. 3 Test results of tire longitudinal-slip mechanical

characteristics on high adhesion road
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Table 2 Parameters of the affine submodels
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