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Analysis of Traction Performance for Agricultural Tractor
According to Soil Condition
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Abstract: Traction performance of a tractor varies depending on soil conditions. Sinkage and slip of the driving
wheel for tractor frequently occur in a reclaimed land. The objective of this study was to develop a tractor suitable
for a reclaimed land. Traction performance was evaluated according to soil conditions of reclaimed land and paddy
field. Field experiments were conducted at two test sites (Fields A: paddy field; and Field B: reclaimed land). The
tractor load measurement system was composed of an axle rotation speed sensor, a torque meter, a six-component
load cell, GPS, and a DAQ (Data Acquisition System). Soil properties including soil texture, water content, cone
index, and electrical conductivity (EC) were measured. Referring to previous researches, the tractor traveling speed
was set to B3 (7.05 kmvh), which was frequently used in ridge plow tillage. Soil moisture contents were 33.2%
and 48.6% in fields A and B, respectively. Cone index was 2.1 times higher in field A than in field B. When
working in the reclaimed land, slip ratios were about 10.5% and 33.1% for fields A and B, respectively. The
engine load was used almost 100% of all tractors under the two field conditions. Traction powers were 31.9 kW
and 242 kW for fields A and B, respectively. Tractive efficiencies were 83.3% and 54.4% for fields A and B,
respectively. As soil moisture increased by 16.4%, the tractive efficiency was lowered by about 28.9%. Traction
performance of tractor was significantly different according to soil conditions of fields A and B. Therefore, it is
necessary to improve the traction performance of tractor for smooth operations in all soil conditions including a

reclaimed land by reflecting data of this study.
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: slip ratio, %
. actual traveling speed, km/h
: theoretical traveling speed, km/h
. traction power, kW

: traction, kN

: sum of axle power, kW
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. axle torque, Nm

N : axle rotational speed, rpm
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Fig. 1 A photo of load measurement tractor used
in this study

Table 1 Specifications of 67 kW agricultural
tractor used in this study

Item Specifications

LengthxWidthxHeight (m) 4.020%2.270%2.790
Weight (kg) 4,000

Front tire 13.6-24-8PR

Rear tire 16.9-34-10PR
Engine Rated power (kW) 67 @ 2,200 rpm
Rated torque (Nm) 290 @ 2,200 rpm

Transmi Type Power shuttle

ssion Gear stage Forward 16 / Reverse 16
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Fig. 2 Photoes of measurement system for wheel
load, traveling speed, and traction

Table 2 Specifications of load cell of used

six-component load cell system

Classification Specifications

Rated Capacity (kgf) 2K
Combined Error (% R.O) < 0.03
Creep for 30 min (% R.O) < 0.03
Excitation Recommended (V) 10
voltage Maximum (V) 15
Operating temperature range (C) -30 ~ 80
23 HE A
38t dlolE AZe Uk 44 B A 2
E Fwuotd T35S Field AT W39
T o2 80l fIA It FAEAMH, A=
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Table 3 Field test conditions used in this study

Field site Flel.d Depth Transmission
operations (cm)
A .
Rldge plow 15 ~ 20 B3
B tillage (7.05 km/h)

Moisture content

Electric conductivity

Fig. 3 Measurement and analytic methods for soil
property
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Table 5 Results of tractive efficiency field

conditions during plow tillage

Tractive efficiency (%)

Field site
Max Min Avg+S.D.
A 98.7 51.3 83.3+£10.2
B 81.4 10.1 54.4+15.2
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