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Fig.1 Structural diagram of tracked undercarriage
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Table 1  Physicochemical properties of soil
ZH Hd
Parameter Value
ZiRi Clay < 0.002 mm/% 9.0
ZHIERL Fine loam 0.002~0.02 mm/% 11.1
FHIERL Coarse loam > 0.02~0.63 mm/% 124
MHP KL Fine sand > 0.63~0.2 mm/% 27.9
HIBPKL Coarse sand > 0.2 mm/% 36.9
+Hi%E Soil particle density/(g-cm™) 2.61
HHUFR BS54 Organic matter content/(g-kg™") 1.6
pH {5 pH value 6.2
% 7K Z Moisture content/% 23.8
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Note: Py, P, and P;are peaks of vertical stress distribution curve, kPa; Qy, Q2, Q3
and Q4 are peaks of horizontal stress distribution curve, kPa; A and B are
minimum value of horizontal stress distribution curve, kPa.
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Fig.2 Vertical and horizontal stresses distribution in the track
length direction at 0.35 m soil depth under the compaction of
tracked undercarriage
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Table 2 Measured values of peak stress, mean stress and mean
maximum stress under the tracked undercarriage
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TR P 348(9.5)
Vertical P, 41.1(10.2) 17.1 425
stress P; 517 (7.3)
Qi 3.4(0.5)
KPRy Q 6.9 (0.9)
. 33 5.1
Horizontal stress 7.2(0.7)
Qs 2.9(0.3)
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Note: mean maximum stress is the mean value of each stress peak, kPa; mean
stress is the mean value of stress along the length of track; Values in brackets
indicate standard deviation of peak stress.
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Table 3 Measured maximum stress and mean maximum stress
with different value of track tensions kPa
BAAE ERES BB FIRARLS

Mean maximum
stress

Stress direction ~ Track tension Maximum stress

1.8x10* 67.2 534

i B /) 1.7x10* 54.8 46.5

Vertical stress 1.6x10% 1.1 39.3
P=0.049<0.05 P=0.032<0.05

1.8x10* 7.8 45

LR 1.7x10* 6.5 3.9

Horizontal "

stross 1.6x10 6.1 3.6

P=0.825>0.05 P=0.570>0.05

W RRRBLIRIRE N T & B WEAE K iRRME, kPas “FIJRKN SRR E
W N RS I, kPa; P<0.05 FRRIRN F) S Tt KN B8 8
G AN R N L AT EC

Note: Maximum stress means the maximum value of each stress peak, kPa; mean
maximum stress means the mean value of each stress peak, kPa; P <0.05 means
significant difference between track tension and measured stress.
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Distribution uniformity of soil stress under compaction of tracked
undercarriage

Ding zhao?, Li Yaoming!, Ren Lidong?, Tang Zhong*
(1. Key Laboratory of Modern Agricultural Equipment and Technology, Ministry of Education, Jiangsu University, Zhenjiang 212013, China;
2. Department of Environment, Ghent University, Ghent, 9000, Belgium)

Abstract: Tracked undercarriage is considered as a technical solution to reduce the soil compaction as compared to the tire due
to its large contact area between track and soil. However, the interaction between track and soil is complex, resulting in uneven
distributed stress at track/soil interface. Uneven distributed stress may reduce the ability that track decreases the soil
compaction and will also lead to the increases of track sinkage depth, which may reduce the vehicle's traffic-ability. Therefore,
we can better understanding of the soil compaction process with the help of investigating the distribution of soil stress beneath
the tracked undercarriage. The objectives of this study were to estimate the distribution of soil vertical and horizontal stresses
under the tracked undercarriage in the track length direction, and to investigate the effect of track tensions on the distribution
of soil stress. The test was conducted on the sandy loam soil and combine harvester equipped with rubber tracks was used in
the test. The rubber tracked undercarriage system is comprised of a front wheel and a rear wheel with two support wheels.
During measurement, the harvester was unloaded and without its header. The soil stress was measured by embedding the
pressure sensors under the centerline of the track at depth of 0.35m. In total four pressure sensors were installed: two sensors
for vertical stress, and two sensors for horizontal stress (piston facing the vehicle’s driving direction). A laser position sensor
fixed on the ground was employed to track the positions of the axle of track wheels. Three repeated measurements were
performed with different track tensions (i.e. 1.6x10", 1.7x10%, and 1.8x10* kPa) at same traffic speed. The results showed that
the measured vertical stress presented three peak points along the track length, with two peaks beneath each axle of track drive
wheel and guide wheel, and one peak between two support wheels. The horizontal stress presented two peaks before and after
each wheel axle, with the minimum stress on the axle. Moreover, the magnitude of soil stress beneath each of track wheel were
different, with the largest vertical stress beneath the guide wheel, and the largest horizontal stress between guide wheel and
rear support wheel. The maximum stress and mean maximum stress under the track were decreased with the decreasing of
track tension, when the track tension was reduced from 1.8 x 104 kPa to 1.6 x 104 kPa, the maximum vertical and horizontal
stresses were reduced by 37.3% and 21.7% respectively, and the mean maximum vertical and horizontal stresses were reduced
by 26.4% and 20.4% respectively, which indicated that decreasing the track tension could improve the uniformity of the soil
stress. However, too small track tension will lead to relaxation of track, resulting in track failure and affecting the ride comfort
of the vehicle. Therefore, it has limitations in improving the uniformity of stress by reducing track tension. Some other
methods, such as optimizing the configuration of track wheels along the track length, may also improve the uniformity of the
soil stress under the tracked undercarriage. More investigation about the effect of track wheel configuration on the soil stress
distribution is needed in the future work. This study can provide preliminary guidance on optimizing the structure of tracked
undercarriage to improve the uniformity of soil stress.

Keywords: agricultural machinery; stress; undercarriage; distribution uniformity; track; soil compaction
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