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(57) Abstract: According to the invention there are provided means and a method for controlling a square baler, wherein: - the
length of the bale (20) in progress is determined by a bale length sensor; - the crop remaining to be baled before completion of a
job is predicted by the operator; and - depending on the prediction and the length of the bale (20) in progress, a control system en-
sures that all bales completed after the receipt of the prediction signal exceed a predetermined minimum length at the completion
of the job.
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Description

A METHOD FOR CONTROLLING A SQUARE BALER

Technical Field

[0001]

The present invention relates to control of a square baler.

Background Art

[0002]

[0003]

[0004]

[0005]

[0006]

Balers are machines that pick-up crop that has been deposited in
windrows or swathes and compact it into bales. The crop may be, for
example, straw that has been deposited by a combine harvester or grass
cut by a mowing machine. The balers themselves can be self-propelled or
towed by a tractor. The present invention is concerned only with square
balers but is not restricted to any particular crop.

A square baler has a pick-up mechanism for picking up the crop from the
ground, a crop transport mechanism and a baling chamber. The transport
mechanism in a square baler comprises an intake duct that acts as a
pre-compression chamber into which the crop is introduced by a rotor and
in which the crop is pre-compressed by a packer. Sometimes a cutter is
provided at the lower end of the intake duct to chop the crop before it is
formed into bales.

When a slice has been pre-compressed in the intake duct, a so-called
stuffer is actuated to upload the contents of the intake duct into a square
baling chamber where it is compressed further to form a bale. The bale is
built up in slices in this way until the desired length is reached.

The compression of the crop in the baling chamber is carried out by a
constantly reciprocating plunger which pushes the bale being formed
against a resistance offered by a previously formed bale that is in the
process of being ejected from the baling chamber.

Prior to uploading of the first slice into the baling chamber from the intake
duct, lengths of twine drawn from supply reels are placed vertically in the
path of the bale. As the bale increases in size, runs of the twine extend
along the top and bottom faces of the bale as well as its front face. The
length of the bale in progress is determined by a known bale length
sensor. To bind a bale after it has reached the desired size, a needle

assembly raises the lower runs of the twines through channels in the face
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[0007]

[0008]

[0009]

of the plunger. The top and bottom runs are then together fed into knotters
which tie knots to form complete loops of twine encircling the bale. The
twines are then severed from the supply reels and further knots are made
to produce the earlier mentioned vertical runs for the next bale. The design
of the needle assembly and of the knotters is well known and documented
and need not be explained in further detail in the present context. It
suffices to realise that after a bale has reached its desired size, a control
system initiates a knotting cycle which ties off the bale and commences a
new one.

Because of the height of the baling chamber, allowing the completed bales
to fall onto the ground would risk their being damaged. The baler is
therefore provided at its trailing end with an inclined discharge chute that
lowers the completed bales more gently onto the ground. The discharge
chute, which can be in several sections, is capable of being raised from its
generally horizontal deployed position, to a generally vertical stowage
position. The chute needs to be raised to permit its transportation from one
field to another and, in the raised position, it also closes off the baling
chamber.

Because the bale in progress is used to push the last completed bale out
of the baling chamber, there will normally be a bale protruding from the
baling chamber at the time that it is desired to raise the discharge chute.
To allow bales to be ejected at the end of a job, when there is no more
crop to push out the last completed bale, balers additionally incorporate a
bale ejection system.

A known bale ejection system comprises a hydraulic cylinder acting to
reciprocate at least one barb that is slidably mounted in the floor of the
baling chamber near its discharge end. When reciprocated, the barb,
which may be retractable or pivoted in the manner of a pawl, will catch on
the crop material and grip the bale in one direction but not the other. As a
result, the last completed bale will be pushed out incrementally until it lies
completely outside the baling chamber. It is also known to have two such
ejection systems, one at the discharge end of the baling chamber to push

out only the last completed bale and the other having a stroke extending
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[0010]

[0011]

as far as the plunger to push out the bale in progress, the latter system
being used when it is desired the empty the baling chamber completely.
A problem that can arise is that if the last completed bale at the end of a
job only sticks out slightly from the baling chamber at the time that it is
desired to raise the discharge chute, extracting the bale from the baling
chamber can present difficulties. The engagement of the barb(s) in the
bale may not be able to overcome the frictional forces resisting movement
of the bale.

Further the problem can arise that the bale in progress at the end of a job
has a length which is too limited to form a sufficiently solid bale of an
acceptable quality. This can equally lead to problems at attempts to clear

the baling chamber with an ejection system.

Disclosure of Invention

[0012]

[0013]

With a view to mitigating the foregoing problem, there is provided
according to a first aspect of the present invention a method for controlling
a square baler, wherein:

- the length of the bale in progress is determined by a bale length sensor;
- the crop remaining to be baled before completion of a job is predicted by
the operator; and

- depending on the prediction and the length of the bale in progress, a
control system ensures that all bales completed after the receipt of the
prediction signal exceed a predetermined minimum length at the
completion of the job.

In the present invention, uniformity of bale size is deliberately sacrificed at
the end of a job to ensure that the last completed bale can be removed
easily from the baling chamber, so as to permit the discharge chute to be
raised. The operator knows the distance that needs to be travelled to pick
up the amount of crop material that goes into each completed bale. The
operator can therefore readily indicate to the control system when there
only remains enough crop material to form, for example, one more
complete bale of the desired size. At this time, the control system stops
attempting to standardise bale size and instead the control system varies

the size of the completed bales to ensure that the bales in the baling
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chamber at the end of a job are sufficiently long to permit easy ejection.

[0014] The operator could simply predict that the amount of crop yet to be picked
up matches the desired length of the bale and could instruct an immediate
tying off of the bale in progress. This would however lead to the fact that
the size of the bale then formed may be too small to form a sufficiently
solid and acceptable bale. The control system requires a prediction from
the operator, for example a prediction that the amount of crop remaining
matches at least one regular sized bale. With the benefit of sufficient
advance notice and a knowledge of both the current size of the bale in
progress and the amount of crop yet to be picked up, the control system
can vary the bale size to achieve the desired easy ejection without
allowing the size of any completed bale to drop to an unacceptable level.

[0015] In accordance with a second aspect of the invention, there is provided a
square baler comprising:
- a tying system for encircling bales with lengths of twine and knotting
together the ends of the lengths of twine to complete the formation of the
bale;
- a bale length sensor for determining the length of the bale in progress;
and
- a control system that comprises means for receiving a signal of the bale
length sensor indicative of the length of the bale in progress and that is
operative to trigger the tying system to commence a new bale when the
bale in progress reaches a predetermined desired length,
characterised in that the control system further comprises means for
receiving from the operator a signal predicting the quantity of crop
remaining to be baled prior to completion of a job and is operative to
trigger the tying system in such a manner that all bales completed after the
receipt of the prediction signal exceed a predetermined minimum length at
the completion of the job.

[0016] Though it would be possible for the control system to produce bales both
longer and shorter than the regular size, it is preferred that the bales
should not exceed their regular size as this complicates their further

handling. To be able it to produce only shorter bales, the control system
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needs a prediction to be received in good time in advance of the job being
complete.

[0017] Preferably, the prediction signal is generated by the operator to indicate
that the amount of crop remaining to be baled corresponds to at least one
bale of the desired size.

Brief Description of Drawings

[0018] The invention will now be described further, by way of example, with
reference to the accompanying drawings, in which :

Figure 1 is a schematic representation of parts of a baler with the
discharge chute in the deployed position;

Figure 2 is a similar schematic representation of the baler in Figure 1 with
the discharge chute on the stowage position; and

Figures 3 to 5 are diagrams representing different possible positions of the
last completed bale at the time that an operator predicts that there is only
enough crop remaining to form one regular sized bale.

Mode(s) for Carrying Out the Invention

[0019] Figures 1 and 2 show diagrammatically the baling chamber 10, the intake
duct 12, the plunger 14 and the discharge chute 16 of a square baler.
These components are not shown in detail as they are entirely
conventional and their construction is not particularly relevant to the
invention.

[0020] In Figure 1 the discharge chute 16 is shown in its deployed position.
Figure 1 also shows a bale 20 in the process of being formed, herein
termed the bale in progress, the last completed bale 22, which is partly in
the baling chamber 10 and partly on the discharge chute 16, and a
previously formed bale 24 about to be dropped onto the ground.

[0021] When the baler is to be moved over the road between different fields, the
discharge chute 16 is moved into a vertical stowage position shown in
Figure 2. Not only does raising the discharge chute 16 shorten the length
of the baler to ease its transportation but it also closes off the rear of the
baling chamber 10. By comparing Figures 1 and 2, it will be clear that to
raise the discharge chute 16, one must first withdraw the last completed

bale 22 from the baling chamber.
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[0022]

[0023]

[0024]

[0025]

[0026]

At the end of a baling job, that is to say when no more crop is being
compressed in the baling chamber, the bales cease move to the rear
under the action of the plunger. To remove the last completed bale 22,
which now sits partly within and partly outside the baling chamber 10, an
ejector system is used.

A common ejector system comprises barbs, which may be retractable, that
are reciprocated in a fore aft direction by a hydraulic cylinder. The barbs
grip the underside of the bale and push it incrementally onto the discharge
chute 16. However, the ejector system may not operate correctly if too
much of the last completed bale remains within the baling chamber,
because it will encounter too much frictional resistance. The present
invention aims to ensure that the last completed bale can always be
ejected by the ejection system by planning ahead and varying the bale
length so that the bale in progress always reaches, or extends beyond, a
preferred separation plane at the time that all the crop has been picked up
and the baling job at hand has been completed.

During normal baling operation, the control system of the baler aims to
make the size of the bales as uniform as possible. Thus the tying system
which completes one bale and commences the next is triggered as soon
as the bale in progress reaches the desired size. The term “size” refers
only to the length of the bales but steps are also taken to control the crop
density so as to maintain a uniform weight.

If this control strategy continues to be used until such time as the job at
hand is completed, the position of the last completed bale in the bale
chamber will be totally random at the time that it is desired to raise the
discharge chute 16.

Instead, in the preferred embodiment of the invention now to be described
by reference to Figure 3 to 5, the operator provides an indication that the
amount of crop yet to be baled is only enough to form one more regular
sized bale. This a simple prediction for the operator to make because it
corresponds to the distance travelled between the completed bales that
have already been lowered onto the ground. If, for example, a bale is

formed every fifty metres, then the operator will for example press a button
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[0027]

[0028]

[0029]

[0030]

[0031]

when there only remain fifty metres of crop on the ground before the job at
hand is completed.

On receipt of this prediction, the control system switches from its normal
strategy of aiming for the bales to be of the same desired size to a strategy
that ensures that on completion of the current job it will be possible to
withdraw the last completed bale 22 and optionally the bale in progress 20
from the baling chamber 10. The bale or bales completed after receipt of
the prediction signal will then have a length that may be different from the
regular desired length but they will still not be below a acceptable
minimum length.

In the scenarios now to be discussed by reference to Figures 3 to 5, the
baling chamber is assumed to be 240cm long, the regular desired bale
length is assumed to be 240cm, the minimum bale length is set to 100cm
and the optimum length of the bale in progress on completion of the
current job is assumed to be 140cm.

In Figure 3, at the time that the operator predicts that the amount of crop
26 still left to bale, represented in dotted lines in the drawing, is enough to
form one regular sized bale, the bale in progress is 140cm long. For this
scenario, the next completed bale will be of the regular size of 240cm.
After a further 100cm of crop have been picked up the bale in progress will
have grown to 240cm and will have been tied up. The remaining crop will
then create a new bale in progress some 140cm in length pushing the last
completed bale to the optimum position for withdrawal by the ejection
system.

In Figure 4 there is shown the scenario if the bale in progress 20 is only
20cm at the time that the operator’s prediction is received by the control
system. If the control system were to initiate a tying off operation when the
bale in progress 20 reaches 240cm, the amount of crop then picked will
grow the new bale in progress to only 20cm resulting in the risk of the last
completed bale being jammed in the bale chamber 10 and the new bale of
20cm being too small to form an acceptable bale.

To avoid this problem, if the bale in progress is less than 140cm in length

at the time of receipt of the operator’s prediction, the control system
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[0032]

[0033]

[0034]

triggers a tying operation after the bale in progress has increased in length
by 100cm despite the fact that the bale will not have reached the desired
regular size. In this example, the last completed bale 22 will only have a
length of 120cm but its separation plane from the bale in progress 20 will
still be at 140cm from the plunger. Withdrawal of the completed bale 22
will not therefore exceed the capacity of the ejection system. Furthermore
bale 22 will also be of sufficient length to form an acceptable bale.

The last scenario, where the bale in progress is longer than 140cm
(200cm in the illustrated example) can be tackled in one of two ways. The
preferred approach is to tie off the bale immediately and to tie off the next
bale when it reaches the minimum acceptable length of 100cm. This will
result in the bale in progress at the time that the job is completed being
140cm in length. However, at least two irregular sized bales will have been
produced, one of 200cm and the other of 100cm. If also the bale in
progress is tied off and ejected, it will also be of an irregular size, namely
140cm.

The alternative approach is to tie off the bale in progress when its length
reaches 240cm and to continue until all the crop has been picked up to
create a new bale in progress that is 200cm in length. This results in less
of the completed bales having an irregular length, but the length of the
bale in progress at the time that the job is completed will be in excess of
140cm. The bale in progress 20 will be long enough to ensure that the last
completed bale 22 and optionally also the bale in progress itself after tying
off can be readily withdrawn by the ejector system. In the situation where
the bale in progress 20 is not ejected it may be undesirable for other
reasons to leave an excessive quantity of crop in the baling chamber on
completion of the job at hand.

The invention as defined in the claims is of course not limited to the
embodiments described as example and shown in the drawings, but can
equally comprise combinations and variations which fall within the scope
of the appended claims. In particular, the predicted amount of remaining
crop can correspond to more than one regular sized bale. The prediction

may be, for example, that there are one and half or two bales remaining to
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be formed. By giving more advance warning to the control system, it is
possible to reduce the extent to which the irregular bales differ from the
regular sized bales, by allowing the degree of compensation required to be

spread over a larger number of bales.
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Claims

1.

A method for controlling a square baler, wherein:

- the length of the bale in progress is determined by a bale length sensor;

- the crop remaining to be baled before completion of a job is predicted by the
operator; and

- depending on the prediction and the length of the bale in progress, a control
system ensures that all bales completed after the receipt of the prediction
signal exceed a predetermined minimum length at the completion of the job.

A square baler comprising:

- a tying system for encircling bales with lengths of twine and knotting together
the ends of the lengths of twine to complete the formation of the bale;

- a bale length sensor for determining the length of the bale in progress; and

- a control system that comprises means for receiving a signal of the bale
length sensor indicative of the length of the bale in progress and that is
operative to trigger the tying system to commence a new bale when the bale in
progress reaches a predetermined desired length,

characterised in that the control system further comprises means for receiving
from the operator a signal predicting the quantity of crop remaining to be baled
prior to completion of a job and is operative to trigger the tying system in such
a manner that all bales completed after the receipt of the prediction signal
exceed a predetermined minimum length at the completion of the job.

A square baler as claimed in claim 2, characterised in that the control system
is further operative to trigger the tying system in such a manner that all bales
completed after receipt of the prediction signal do not exceed the
predetermined desired length.

A square baler as claimed in claim 2 or 3, characterised in that the prediction
signal is generated by the operator to indicate that the amount of crop
remaining to be baled corresponds to one bale of the predetermined desired
length.

A square baler as claimed in claim 4, characterised in that if the bale in
progress is shorter than the predetermined minimum length at the time that the
control system receives the prediction signal, the control system is operative to

trigger the tying system when the bale in progress has increased in length by a
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6.

11

predetermined value.

A square baler as claimed in claim 4 or 5, characterised in that if the bale in
progress is longer than the predetermined minimum length at the time that the
control system receives the prediction signal, the control system is operative to
trigger the tying system immediately and to trigger the tying system a second
time when the new bale in progress reaches a length corresponding to the
predetermined minimum length.

A square baler as claimed in claim 4 or 5, characterised in that if the bale in
progress is longer than the predetermined minimum length at the time that the
control system receives the prediction signal, the control system is operative to
trigger the tying system when the bale in progress attains the predetermined

desired length.
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