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Abstract

High performance small and mid-sized tractors are required for dryland and orchard operations.
A power transmission system is the most important issue for the design of high performance
tractors. Many operations, such as loading and lifting, use hydraulic power. In the present
study, a hydraulic power transmission system for the 3-point hitch of a 50 kW narrow tractor
was developed and its performance was evaluated. First, major components were designed
based on target design parameters. Target operations were spraying, weeding, and
transportation. Main design parameters were determined through mathematical calculation
and computer simulation. The capacity of the hydraulic cylinder was calculated taking the
lifting force required for the weight of the implements into consideration. Then, a prototype was
fabricated. Major components were the lifting valve, hydraulic cylinder, and 3-point hitch.
Finally, performance was evaluated through laboratory tests. Tests were conducted using load
weights, lift arm sensor, and lift arm height from the ground. Test results showed that the lifting
force was in the range of 23.5 - 29.4 kN. This force was greater than lifting forces of competing
foreign tractors by 3.9 - 4.9 kN. These results satisfied the design target value of 20.6 kN,
determined by survey of advanced foreign products. The prototype will be commercialized
after revision based on various field tests. Improvement of reliability should be also achieved.
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Materials and Methods
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Fig. 2. Schematic diagram of the 3P Link designed in the study.

Table 1. Symbol notation and definition of the 3-point hitch structure.

No Symbol Definition

1 L Lift arm length

2 L Lower link length

3 I Distance between lift arm and hinge point

4 I Distance between low link arm and hinge point
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Fig. 3. Photo of the software for hydraulic capacity calculation.

Table 2. Input data for hydraulic capacity calculation.

No Dimensions Unit Definition
1 310 mm Lift arm length
2 880 mm Lower link length
3 150 mm Distance between lift arm and hinge point
4 130 mm Distance between low link arm and hinge point
5 65 mm Cylinder bore
6 2 - Numbers of cylinder
7 195 MPa Main relief pressure
ds AMe g
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Table 3. Specifications of the scale.

ltem Specification
Model 3THB
Maximum range 2.9 kN
Manufacturer CAS
Resolution 2 kg
Size 230 X 370 X 474 mm
Weight 17 kg
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Fig. 4. Calibration graph of the lift arm sensor and height.
Fig. 5. Photo of the hydraulic capacity test.
Results and Discussion
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Fig. 7. Photo of the 3-point hitch developed in the study.
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Fig. 8. Photo of the 3-point hitch: (A) Calculated value, (B) Measured value.
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Conclusion
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