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Abstract

In this study, we developed a dynamic model and steering controller model for an
autonomous tractor and evaluated their performance. The traction force was measured
using a 6-component load cell, and the rotational speed of the wheels was monitored using
proximity sensors installed on the axles. Torque sensors were employed to measure the axle
torque. The PI (proportional integral) controller’s coefficients were determined using the trial-
error method. The coefficient of the P varied in the range of 0.1 - 0.5 and the | coefficient
was determined in 3 increments of 0.01, 0.05, and 0.1. To validate the simulation model, we
conducted RMS (root mean square) comparisons between the measured data of axle torque
and the simulation results. The performance of the steering controller model was evaluated
by analyzing the damping ratio calculated with the first and second overshoots. The average
front and rear axle torque ranged from 3.29 - 3.44 and 6.98 - 7.41 kNm, respectively. The
average rotational speed of the wheel ranged from 29.21 - 30.55 rpm at the front, and from
21.46 - 21.63 rpm at the rear. The steering controller model exhibited the most stable control
performance when the coefficients of P and | were set at 0.5 and 0.01, respectively. The
RMS analysis of the axle torque results indicated that the left and right wheel errors were
approximately 1.52% and 2.61% (at front) and 7.45% and 7.28% (at rear), respectively.

Keywords: agricultural tractor, lateral control, multi body dynamics model,
performance evaluation, simulation
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Introduction
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Materials and Methods

Sofst g0l 2 oY
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TYM Co Ltd., Korea)S 4173131t EHE]Q] S 4,000 kgo|H, 371 4,225 mm X 2,140 mm X 2,830 mm
(length X width X height)0|C}. 55} B a2 Af8 A I EQf|o]Ql RecurDyn (VOR4, FunctionBay Inc., Korea)2 H7
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Fig. 1. A photo of tractor used in this study.

Fig. 2. 3D model of tractor for dynamic simulation.
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Fig. 3. A diagram of the steering model based on PI (proportional integral) controller in this study.
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Fig. 4. A photo of axle rotational speed measurement part used in this study.

Fig. 6. A photo of plow tillage operation with C-type.
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Results and Discussion
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Fig. 7. The results of measured axle rotational speed of a 78 kW tractor.
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Fig. 8. The results of measured axle torque of a 78 kW tractor.
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Eltth A& @20 EaE 217 Xu) 422, W 344, A 178 KNmZ UER o S]A& = 7k} Hof 31.15,
2991, 4 25.39 ppm .2 UERGITH S5 2H=0] E 9= 717} 2o 8.71, Wt 6.98, & 4 537 KNmE UEFFO.
o 3]SI = ZE2E 2o 22,60, Ht 21.63, 2|4 20.82 Ipmgi Uebdt} 58 o =o] E 3L 77} 2|t 928, o
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Table 1. The results of measured axle torque and rotational speed of a 78 kW tractor.

Item Maximum Minimum Average Standard deviation

Forward leftaxle  Torque (kNm) 4.07 1.66 3.29 0.25
Rotational speed (rpm) 31.80 26.71 30.55 0.54

Forward right axle Torque (kNm) 422 1.78 344 0.27
Rotational speed (rpm) 31.15 2539 2991 0.54

Rear left axle Torque (kNm) 8.71 5.37 6.98 0.65
Rotational speed (rpm) 22.60 20.82 21.63 021

Rear right axle Torque (kNm) 9.28 6.02 741 0.66
Rotational speed (rpm) 22.62 20.51 2146 0.27

AR o2 920 £t 2420| EHT) oF HF 1058 £ Ughon, ol 2ol w2 $250| R}
oA Z7} w2 o 2 ket Tk A d o2 S50 ETvL e EF0] o Wi 2.14 vl A Uelton o]
Aol aet Bakol 78l Al Ba17t F 5ol AEEo] Lebity] oo 2 Bt
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Fig. 9. The result of the lateral error according to coefficients of Pl (proportional integral) controller.
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Table 2. 1% overshoot, 2™ overshoot, and damping ratio of the lateral error according to coefficients of P
(proportional integral) controller.

Ttem 1* overshoot (mm) 2" overshoot (mm) Damping ratio (%)
P=0.1 - - -
P=02 -259.69 59.91 -23.07
P=03 1=0.01 -247.46 28.79 -11.64
P=04 -246.77 2217 -8.99
P=0.5 -259.69 19.14 =737
P=0.1 - - -
P=02 -258.18 129.74 -50.25
P=03 1=0.05 -246.92 75.31 -30.50
P=04 -246.60 59.35 -24.07
P=05 -249.14 51.28 -20.58
P=0.1 - - -
P=02 -25541 177.00 -69.30
P=03 1=0.1 -246.839 122.52 -49.62
P=04 -246.30 100.13 -40.65
P=0.5 -237.35 71.72 -32.74

19.14 mm, 4812 7.37%2 Lhepstet. of) 74 2 74115 Bol 4 gtk Ao} mele] A9 Zafule) 2]
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Fig. 10. The results of measured and simulated front axle torque.
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Fig. 11. The results of measured and simulated rear axle torque.

Table 3. The performance evaluation of lateral control simulation based on multi-body dynamics

model.

Item Front left Front right Rear left Rear right
Measurement (kNm) 329 344 6.98 741
Simulation (kNm) 324 353 646 795
Error (%) 1.52 261 745 7.28
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