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Real-time Estimation Method of Tire Dynamics Parameters for
Sliding Steering Robots in Orchards

BI Song HAN Yifei
( College of Electrical and Control Engineering North China University of Technology Beijing 100041 China)

Abstract: The vertical load and lateral force parameters of sliding steering wheeled robot tires vary greatly
and are difficult to estimate in real time due to the influence of orchard road surface undulations and tire
adhesion capacity changes. The existing sliding steering controller is designed to simplify the tire
dynamics parameters which leads to the problem of low stability of robot attitude control. A real-time
estimation method for the vertical load of sliding steering wheeled robot tires on unpaved roads and an
algorithm for real4ime estimation and optimal distribution of tire driving force were proposed. Firstly an
ideal plane for the static calculation of the sliding steering process and a four-wheel vertical load
estimation method based on this plane were proposed; secondly a small lateral deflection angle lateral
force estimation method based on the Fiala wheel-tire dynamics model was proposed; and the steady-state
dynamics equations of the sliding steering wheeled robot ramp and the real-time tire drive force estimation
method were established; finally the optimal real-time distribution model of the driving force was
constructed based on the tire utilization rate. In order to verify the method an ADAMS-based sliding
steering wheeled robot dynamics model was developed for comparison and a testing device was built to
verify the vertical load and lateral force estimation methods. The results showed that the accuracy of the
real-time tire vertical load estimation method was more than 95% and the accuracy of the real-time lateral
force estimation method was more than 85% and the tire drive force optimization method based on the
tire vertical load and lateral force reduced the tire utilization rate from 96.25% to 93.75%  which
improved the tire adhesion margin and attitude control stability.
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Schematic of method
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Fig.2  Schematic of robot structure
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Fig.3 Schematic of robot position change
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Fig.5 Schematic of force analysis of each wheel in state 1
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Tab.2 Vertical load symmetry of robot on ramp
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Tab.3 Vertical load simulation data
/ / /
(°) (°) (°) IN IN IN IN IN IN IN
1 5 4.98 -0.436 762.8 922.5 752.9 912.6 3350.8 1675.4 1675.4
2 10 4. 957 -0.87 768. 7 926. 6 748. 8 906. 7 3350.8 1675.4 1675.4
3 20 4.731 -1.71 782. 1 932.8 742. 6 983.3 3350.8 1675.4 1675.4
4 40 3.859 -3.223 813.5 936.5 739.0 862.0 3351.0 1675.5 1675.5
5 60 2.52 —4.345 847.9 928.2 747.2 827.6 3350.9 1675.5 1675.4
6 90 0 -5.000 895.3 896. 6 778. 8 780. 2 3350.9 1675.5 1675.4
0O 5 ° o o
4 o
3 o
4
Tab.4 Vertical load calculation results
/ / / / /
() N N N N /N /N /N
1 4.999 1 771. 14 961. 49 746. 88 937.23 1708. 37 1708. 37 3416.74
2 5.0326 787. 26 968. 90 739. 48 921. 12 1708. 38 1708. 38 3416.74
3 5.0313 825.00 973. 16 735.35 883. 35 1708. 35 1708.51 3416.74
4 5.0263 837.50 932. 40 779. 80 874.70 1712.20 1712.20 3424. 40
5 5.000 862. 81 911.25 802. 09 850. 52 1713.33 1713.34 3426.67
6 5. 000 950. 24 950. 24 758.22 758.22 1708. 46 1708. 46 3416.92
4 o
5 o
5 o
700N 1000 N 4.1 N
F. 100 N.
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5
Tab.5 Vertical load calculation error N
1 8.34 38.99 6.02 24. 63 38.99 6.02 19. 49
2 18. 56 42. 30 9.32 14. 42 42. 30 9.32 21.15
3 42.90 40. 36 7.25 99. 95 99.95 7.25 47. 615
4 24. 00 4.10 40. 80 12.70 40. 80 4. 10 20. 40
5 14.91 16.95 54. 89 22.92 54. 89 14.91 27.40
6 54. 94 53. 64 20. 58 21.98 54.94 20. 58 37.78
Fiala
o (24)
o o 5
G
Matlab 9 G
9 2 Fig.9 Schematic of class G road
6 G
Tab.6 Simulation data of vertical load under class G road
/ / /
(°) (°) (°) IN IN IN IN IN IN IN
1 11.21 -12.90 2.555 1009.0 570.7 1.040.0 656.0 3275.7 1 665.0 1610.7
2 10. 60 -10.90 -1.550 1279.0 433.0 681.0 938.0 3331.0 2217.0 1114.0
3 2.07 -4.99 0. 633 788. 6 871.9 725.8 963.0 3349.3 1751.6 1597.7
4 25.26 -11.90 5.588 977.5 535.6 1042.0 722.0 3277.1 1699.5 1559.6
5 1.63 -2.31 -0.745 842.2 855.2 910.8 752.8 3361.0 1595.0 1766.0
4 4 1
o 6 o
5 2 o 7 7
1103 N 5 6
50 N, 3 o
7 G
Tab.7 Calculation results of vertical load under class G road N
1 1135.44 672. 44 996. 40 533.40 1 668. 84 1 668. 84 3 338.68
2 690. 90 1 090. 44 592.27 992.27 1683.17 1683.71 3365.88
3 764. 16 956. 81 751.56 944, 21 1 708. 37 1708. 37 3416.74
4 1 064. 40 583.90 1 058. 70 584.20 1 648. 60 1 648. 60 3291.20
5 824.09 911.95 801. 51 889. 37 1713. 46 1713. 46 3426.92
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ADAMS
1 o 0.2m/s 2° o
10 m z
o o 10 m
10 9 o
o 9 10 m
343 kg ° Tab.9 Steady state steering simulation data with
0.01% 0.02% radius of 10 m
/ / / /
0.1% » rad N N N
-0.0246 0.0414 808. 4 -372.7 -555.7
-0.0248 -0.0391 873.3 -376.6 554. 1
0.0297 0.0413 808. 4 430. 2 -552.6
0.029 4 -0.0391 873.3 436. 4 550. 1
Simulink
10 o
10 10
Fig. 10 Vertical load estimation experiment Tab.10 Lateral force calculation results
4 2°
/N -555.7 554.1 -552.6  550.1
20°
/N -528.7 546. 1 -535.3 589.5
8 /N 27.0 8.0 7.3 39.4
o /% 95. 14 98.55 96. 86 92. 83
8
Tab.8 Vertical load measurement results
92%
/N 840.2 930. 4 770. 4 880. 3 °
/N 868.5 904. 5 809.5 845.5 11 °
/N 28.3 25.9 39.1 34.8
1% 96. 63 97.22 95.17 96. 04 o
90% o
0.3%
2.3
R Fiala 11

Fig. 11  Lateral force experiment device
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o 27.26 N
0.2 m/s 10 m
o 0.6 o
0.5, 12 o o
9
749.3 N 866. 6 N,
13
13
12 Tab.13 Tire usage statistics after driving force
Fig. 12 Lateral force experimental environment optimization
/N 345.77 403.52 399.90 466. 69
° X IN 654.49  685.46 68212  721.39
A 11 ° /N 727. 56 785.97 727. 56 787.98
11 /N 73.07 100. 51 45. 44 66. 59
Tab. 11 Lateral force experiment results statistics N [% 89.96 87.21 3.7 o155
12 13
655.7 277.9 266. 3 310.0
741.2 335.4 310.7 333.1
833.1 374.2 355.1 406. 4 °
910.9 410.6 399.5 442.8 27.26 N 45.44 N,
85% o
9 (32) ~(36) (1)
0.9 ADAMS o
12 o o
12
Tab.12 Tire usage statistics 95% o
(2) Fiala
/N 669.10  669.90 700.30  702.17 85%
/N 727.56  785.97  727.56  787.98
/N 58. 46 116. 07 27.26 85. 81
1% 91. 00 85.23 96. 25 89. 00
12 (3)
96. 25% 93.75% -

o 12 96. 25%
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