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Summary

Developmental Study on the Precision Control
System for Agricultural Semi-Trailer Tracing the
Track of Tractor

Nobuki YAMANA, Tomohiro TAKIGAWA and Akira HIRATA

It is very important for a new animal industry to make farm works simple and comfortable and to raise
the working ability of farm machines.

In order to improve the tracking performance of semi-trailer type agricultural implement (here after
called ‘trailer’), new steering control methods(type I and 1) of trailer wheels were developed in this
research. The results are as follows;

1. The basic concept of the steering method is to make the steady state turning radius of the trailer
equal to that of the tractor. The equation which expresses the above geometrical relationship between the
tractor and the trailer was derived.

According to the equation, we proposed an activesteering control method( type I), in which the trailer
wheels are controlled as a function of the steering angle of the tractor wheels and the angle between the
tractor and the trailer.

Theoretical equations describing the active control method for off-set trailer were alsp derived.

2. The active control method (type I) was applied to experimental trailers.

From the results using the experimental in-line trailer, it was confirmed that the method make the off-
tracking of the trailer nearly zero.

In the step response test, when a conventional trailer or a trailer equipping the link type passive
control system were used, reply of the angle of traction was slow. Therefore, the rate of the angle
change was asymptotic to the desired value.

On the other hand, when the active control method was applied, the angle reached desired value much
faster.

In 90 degree turn test, the difference between the trajectories of the tractor and the trailer was large
in the cases of the conventional trailer and the trailer with link method. Though a small cut-in was
observed in the early stage of the turn , the tracking error of the trailer equipping the active control
system was small.

Step response and 90 degree turn tests were conducted using the prototype offset trailer equipped with
the active steering control system. The results showed that the control system decreased off-tracking and
improved follow-up ability of off-set trailer having relatively smaller off-set angle.

3. Simulative operation experiment and actual grass harvest experiment using a real sized roll baler
(fixed chamber type, 90cm bale-dia:) were carried out. It was confirmed that the application of the active

control method resulted, in easy and effective operation. The results of the practical experiment by an
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in-line type roll baler of real size were ;
1) The application of the active trailer wheel steering control system (typeI ) improved tracking
performance of both types of trailers, in-line and offset type.
2) However, it was considerd necessary to fit a rotation sensor on the front axle of tractor to measure
the steering angle of the tractor wheels.
4. An active control method (type II) was developed which uses the steering angle of the tractor wheels
estimated from the angle and the angular velocity between tractor and trailer, and it was applied to an
in-line-type roll baler of actual size.
Step response, 90 degree turning, zigzag running and grass harvesting tests were carried out.
' The results showed that the performance of the active control method using estimated angle was almost
the same as that of the method using measured angle, and this system was considered to be of practical

use.
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