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Study on Implement Control System for

Agricultural Tractor
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SUMMARY

The objective of this study is to design the implement control
system for agricultural tractors, to evaluate the performance of the
control system through indoor and field experiments, and to review the
possibility of application of the designed control system to agricultural
tractors.

The control system was composed of four main units; 1)a detecting
unit to measure the angle of a liftarm, the draft force, the tillage depth,
the working load, and so on, 2)a controller, 3)hydraulic circuits to
operate the three point linkage by the hydraulic cylinder, 4)a three
point linkage and implements. The control system was designed to
have such additional control mode as one touch up, back up and
steering up control as well as such basic control mode as position,
draft, tillage depth and working load control. The hydraulic circuits
were composed of on/off solenoid valves and a valve block, and were
designed that two kinds of flow rates were supplied into the hydraulic
cylinder by on/off operation of the solenoid valve for low speed.

First of all, the theoretical analysis on the three point linkage was
carried out to get the fundamental data which needs for design of the
control system. the tilling work by rotary implements was generally
carried out at 10cm of tillage depth. When the tillage depth was 10cm,
the angle of liftarm of the tractor which was used for experiments was
about O degree. If the difference of sinkage between the front and rear
wheel is 15cm, the pitching angle of the tractor, which occurs due to
the sinkage, is about *4.7degree, and the variation in tillage depth is
about 9.8cm.

Before indoor experiments, Preliminary experiments were conducted
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to investigate flow rates of the hydraulic pump, and the pressure drop
by solenoid valves in accordance with variation of engine speeds. And
then, experiments to investigate response characteristics of the control
system were conducted in indoor. From results of preliminary
experiments, the flow rate of hydraulic pump was about 26lpm, and
pressure drop by the solencid valve was about 23Kgf/cm2 at 2500rpm
of engine speed. And also, the response time(open and return time) of
solenoid valves was within the range of 20 - 40msec. In step response
characteristic experiments, a little hunching phenomenon was observed
in high speed operation, but hunching phenomenon was scarcely
observed in low speed. The deviation of output from the set value was
sufficiently small in the steady state. The results of the frequency
response experiments, for low speed and amplitude of 12degree,
showed that the control system followed well to the desired value
within the range of 0.7Hz. However, the overall ascent trend and
considerable phase lag of output of the control system were observed
at the input frequency of 0.9Hz.

The field experiments in an actual field were conducted to evaluate
the adaptability of the control system to the field under the condition
of three kinds of ground speeds(1.3, 2.3 and 4.2Km/h). The resuits of
the field experiments for basic and additional control mode showed that
the control system followed well to the desired value, in spite of the

variation in the ground speeds and desired values.
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k. = flow— pressure coefficient

p = pressure(bar)

A = area(nr)

B = bulk modulus(N/m’)
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m = mass(kg)

b = uwiscosity coefficient{Ns/m)
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