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Effects of agricultural tire—soil coupling on soil compaction
and deformation

YAN Jianguo, LI Yaotai, GUO Genglong, WANG Lijuan’

(Faculty of Mechanical and Electrical Engineering, Inner Mongolia Agricultural University, Hohhot 010018, China)

Abstract Accurately characterizing soil compaction responses during the rolling of agricultural herringbone tires
remains challenging, and existing coupled models often lack adaptability to region-specific soil parameters.
To address this issue, this study focused on sandy loam from the Yellow River Basin in Hohhot, Inner Mongolia.
Key parameters of the Edinburgh elasto-plastic adhesion(EEPA) contact model were calibrated through angle-
of-repose tests, and a multibody flexible dynamics-discrete element method coupled model for a 12. 4 R24
herringbone-tread tire-sandy loam system was constructed and validated through soil-bin tests. The results
showed that: 1) the calibrated discrete element parameter set was applicable to tire-soil interaction simulations
in sandy loam, with a relative error of only 2. 22% between the simulated and measured angles of repose;
2) the established bidirectional MFBD-DEM coupled model for the 12. 4 R24 agricultural herringbone-tread tire-
soil system produced simulation results consistent with the trends observed in the soil-bin tests, and could

accurately characterize soil stress transmission and tire sinkage during tire rolling; 3) response regression
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analysis revealed that both the level (P<<0.000 1), with coefficients of determination of 0. 928 3 and 0. 951 2,

respectively; vertical load and pass number were identified as the dominant factors affecting compaction and

sinkage; increased travel speed significantly mitigated the soil compaction effect, whereas elevated tire inflation

pressure primarily intensified stress concentration in the shallow soil layer. These findings offer a basis for the

optimization of agricultural tire tread parameters and the regulation of farmland soil compaction.
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Fig. 5 Agricultural tire testing rig used in soil-bin validation
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Table 1 Key soil parameters used in the simulation

Z R b3 £
Factors Sandy loam soil

ZH b +
Factors Sandy loam soil

e - R 5 R AL

Soil-soil static friction coefficient 0-65
+ - R IR B R R 0.08
Soil-soil rolling friction coefficient '
o AR R A R 0. 80
Soil-rubber static friction coefficient ’
A R R VR Bl R

. . . .. 0.20
Soil-rubber rolling friction coefficient

2 v L
TEm A 0.45

Soil Poisson’ s ratio

TlUL e foh 3% T E / (J/m*)

. . 13.0

Microscopic contact surface energy
2 fil 98 P 1 0. 40
Contact plasticity ratio '

2 ) A
i%;ﬁé UI B 4 /Pa 5107
Soil shear modulus

o AT
S SV 0.40

Soil restitution coefficient

AR 1R 22 Ry 2. 2200 CIEL 6, Ui B b A 22 B RE 68 45 4
b LS R S WL HE BUIR A . BE S R %S
P T 586 - 1 SR 5 07 B, I LA R 8 v A [ % 2

PRk A
Angle-of-repose
measuring device

PRakA

Angle of repose

(a) Measured angle of repose

b S T 1 AR R TR B B IR R B, E— 03T
A HORE B8 i TR 5 T 00 TR S AR T 5T R R A 3R
fEBE ST -

PRiEA =37.8°
Angle of repose = 37.8°

() IR

(b) Simulated angle of repose

Eo6 fhiEmEMSHEL

Fig. 6 Comparison between measured and simulated angles of repose
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Fig. 7 Experimental and simulation results of average soil stress increment at depths of 10, 20 and 30 cm under different loads
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Table 2 Analysis of variance of the factors

UE-E 3L R\ ¥5J7 R, FAi R, PH R, )7 R, FfH R, Pt
Source of variance R, mean square R, F-value R, P-value R, mean square R, F-value R, P-value
i Y
Model 982.3 11. 26 <<0.000 1 188.5 18.23 <C0.000 1
A 135.2 1.55 0.2326 23.8 2.30 0.150 2
B 246.5 2.83 0.113 5 31.6 3.06 0.100 5
C 1872.6 21.47 0.000 3 392.4 37.94 <20.000 1
D 1240. 8 14. 23 0.001 8 528.7 51.13 <20.000 1
AB 28.6 0.33 0.575 2 5.2 0.50 0.490 1
AC 91.8 1.05 0.3220 12.4 1.20 0.2910
AD 15.2 0.17 0.683 6 3.6 0.35 0.564 2
BC 42.3 0.48 0.497 5 8.1 0.78 0.390 2
BD 9.6 0.11 0.744 2 2.3 0.22 0.645 1
CD 67.5 0.77 0.393 1 14.6 1.41 0.254 0
A? 8.2 0.09 0.763 5 1.5 0.15 0.707 3
B? 12.4 0.14 0.712 2 3.2 0.31 0.586 5
c? 4.7 0.05 0.821 0 1.8 0.17 0.683 1
D? 18.9 0.22 0.649 1 5.4 0.52 0.4815
ffes%dual 87.2 10.3
Ij;iilff it 1.86 0.215 3 2.12 0.178 4
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Note: A denotes the travel speed factor; B denotes the tire inflation pressure factor; C denotes the vertical load factor; and D denotes the tire
pass number factor; AB, AC, AD, BC, BD, and CD denote two-factor interaction terms; A?, B*, C*, and D* denote quadratic terms;

R, denotes the average soil stress increment, and R, denotes tire sinkage.
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