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ABSTRACT

A sickle cutting system is mounted on a header for forward travel over
ground having a standing crop thereon and includes a cutter bar with a plurality of
knife guards and two opposed sickle bars driven in opposite phase with a drive system
for driving the sickle bar through repeated cycles of reciprocating movement from
start-up of the system through to a shut-down. The drive system includes a control
device responsive to the sensor signals from both of the first and second drive systems
for advancing or retarding one of the first and second drive systems so that a number
of sensor signals obtained from the first drive system is continually maintained so as
to be substantially equal to a number of sensor signhals obtained from the second drive

system to maintain the sickle bars in opposite phase.
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DUAL SICKLE KNIFE DRIVE

This invention relates to a knife drive for split or dual sickle bars for use

on harvester headers, such as combines, swathers, mower-conditioners and similar

crop and hay cutters.

BACKGROUND OF THE INVENTION

Where the cutter bar and sickle are long, in some arrangements, two

sickle bar sections are provided which are reciprocated in opposite directions and

operated with separate reciprocating drives.

In the US patent 7, 658, 059 (Majkrzak) issued to Crary industries on
February 9, 2010 is disclosed a drive arrangemhent for split sickle bar sections which
utilizes separate drives for each sickle bar and provides an arrangement for
synchronizing the movement of the sickle bars so they each reach the end of the
reciprocating path simultaneously. This is carried out by providing a single marker on
the movement aligned with the end of the path so that, by detecting whether the
markers are aligned, the speed of drive of the sickle bars can be relatively increased
or decreased to try to maintain the alignment of the markers. This arrangement does

not appear to have obtained any commercial success.

SUMMARY OF THE INVENTION

It is one object of the present invention to provide an arrangement for

maintaining two sickle bars sufficiently in opposed phase to reduce undesirable

vibration of the sickle bar system.

According to a first aspect of the invention there is provided a crop cutting
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apparatus comprising:

a frame structure arranged for forward travel over ground having a standing

crop thereon;

a cutter bar secured to the frame structure and extending transversely across

a front end of said frame structure;

a plurality of knife guards mounted in spaced relation along said cutter bar and

projecting forwardly therefrom;

each of said guards having a ledger surface with opposed side edges thereof
arranged to provide first and second shearing edges,;

a first and a second sickle bar;

the first and second sicklie bars being mounted in transversely extending
position and being driven for reciprocating movement relative {0 said knife guards such that

the first and second sickle bars reciprocate at the same frequency but in opposed phase so

as to reduce vibration;

the first and second sickle bars each having a plurality of knife blades mounted
thereon for movement therewith with each of the knife blades having two side cutting edges

which cooperate with said shearing edges of said knife quards;

first and second drive systems each for driving a respective one of the first and

second sickle bars through repeated cycles of reciprocating movement where each cycle
extends from one end position of a stroke of the respective sickle bar up to ah opposed end

position of a stroke of the respective sickle bar and back to said one end position;
each of the first and second drive systems including a sensing system which

generates a plurality of sensor signals for each cycle of reciprocating movement;

and a control device responsive to the sensor signals from both of the first and
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second drive systems for advancing or retarding one of the first and second drive systems so
that a number of sensor signals obtained from the first drive system is continually maintained

sO as to be substantially equal to a number of sensor signals obtained from the second drive

system;
wherein the control device includes an arrangement for inputting initiation data

into the control device indicating at a predetermined time for the first sickle bar a specific angle

of the first sickle bar in the cycle of the first sickle bar and at the same predetermined time for

the second sickle bars a specific angle of the second sickle bar in the cycle of the second

sickle bar.

According to another aspect of the invention there is provided a crop
cutting apparatus comprising:
a frame structure arranged for forward travel over ground having 2

standing crop thereon;

a cutter bar secured to the frame structure and extending transversely
across a front end of said frame structure:
a plurality of knife guards mounted in spaced relation along said cutter

bar and projecting forwardly therefrom;

each of said guards having a ledger surface with opposed side edges

thereof arranged to provide first and second shearing edges;

a first and a second sickle bar;
the first and second sickle bars being mounted in transversely extending
position and being driven for reciprocating movement relative to said knife guards

such that the first and second sickle bars reciprocate at the same frequency but in
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opposed phase so as to reduce vibration;

the first and second sickle bars each having a plurality of knife blades
mounted thereon for movement therewith with each of the knife blades having two

side cutting edges which cooperate with said shearing edges of said knife guards;
first and second drive systems each for driving a respective one of the

first and second sickle bars through repeated cycles of reciprocating movement where

each cycle extends from one end position of a stroke of the respective sickle bar up

to an opposed end position of a stroke of the respective sickle bar and back to said

one end position;

the first drive system including a first sensing system which generates a

plurality of first sensor signals for each cycle of reciprocating movement of the first

sickle bar:

the second drive system including a second sensing system which
generates a plurality of second sensor signals for each cycle of reciprocating

movement of the second sickle bar:

and a control device responsive to the first and second sensor signals

from the first and second drive systems;

wherein the control device is arranged to determine when the first and

second sickle bars are in opposed phase;

and wherein the control device operates to compare a number of first
sensor signals with a number of second sensor signals to for advancing or retarding

one of the first and second drive systems to maintain the first and second sickle bars
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in said opposed phase.

According to another aspect of the invention there is provided a crop
cutting apparatus comprising:

a frame structure arranged for forward travel over ground having a

standing crop thereon;

a cutter bar secured to the frame structure and extending transversely

across a front end of said frame structure:

a plurality of knife guards mounted in spaced relation along said cutter
bar and projecting forwardly therefrom;

each of said guards having a ledger surface with opposed side edges
thereof arranged to provide first and second shearing edges;

a first and a second sickle bar;

the first and second sickle bars being' mounted in transversely extending
position and being driven for reciprocating movement relative to said knife guards

such that the first and second sickle bars reciprocate at the same frequency but in

opposed phase so as to reduce vibration;

the first and second sickle bars each having a plurality of knife blades
mounted thereon for movement therewith with each of the knife blades having two
side cutting edges which cooperate with said shearing edges of said knife guards;

first and second drive systems each for driving a respective one of the
first and second sickle bars through repeated cycles of reciprocating movement where

each cycle extends from one end position of a stroke of the respective sickle bar up
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to an opposed end position of a stroke of the respective sickle bar and back to said
one end position;

the first drive system including a first sensing system which generates a
first plurality of first sensor signals for each cycle of reciprocating movement of the
first sickle bar:

the second drive system including a second sensing system which
generates a second plurality of second sensor signals for each cycle of reciprocating
movement of the second sickle bar, where the first and second pluralities are equal;

and a control device responsive to the first and second sensor signals
from the first and second drive systems for advancing or retarding one of the first and
second drive systems to maintain the first and second sickle bars in said opposed
phase.

In order to carry out the above step to maintain the number of signals
substantially equal, preferably the control device is arranged to count the sensor
signals and to repeatedly compare the numbers that counted. In the event that a
discrepancy in the numbers counted is identified, the control device is arranged to
advance or retard said one of the first and second drive systems. Preferably the
comparison is carried out within a period of less than one cycle. Typically the
comparison is carried out repeatedly or over a number of times per cycle. In this way
the system can determine whether the phase is maintained a number of times per

cycle and it can carry out corrective measures as soon as the discrepancy is detected.

The system therefore operates entirely differently from a system in which each sickle
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bar has a single marker and indicative of a particular location in the cycle, typically

one end, where the system attempts to synchronize the passage of those markers by

detecting the timing of their passage.

The counting of the pulses can be in effect continuous so as to detect a

soon as a discrepancy in count value occurs. As an alternative, the counting may be
carried out in specific sequential time periods so that the system takes action only at

the end of the specific time period and only in the event that a discrepancy is detected

within that time period.

In the system of the present invention, preferably each of the first and
second drive systems includes a rotary member and wherein the sensing system is
arranged to generate the sensor signals at spaced positions around the rotary
member. In an arrangement where the drive system drive system includes a
gearwheel, the sensing system can include a sensor which detects the passage of a
tooth of the gearwheel. Sensing system can be operated by proximity detection or by
blockage of light path or any other suitable sensing systems. In an arrangement where
the drive system does not include a suitable gearwheel, typically such drive systems
include a flywheel where markers on the flywheel can be detected. One simple
example can be provided by holes in the flywheel allowing passage of a light beam

which can be detected. Typically the system uses a proximity sensor that senses the

presence/absence of teeth/markers.

In the system of the present invention, preferably each of the sensor

signals iIs identical to the others so that none is associated with a specific position
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within the cycle. However the sensor signals can be different and for example they

may be located at different angular spacings. These spacings may be arranged so

that the pulse interval varies through the cycle or stroke whereby this difference can

be used to identify the location.

However typically the flywheel on which the sensors are mounted,
depending on its location and operation, may accelerate and decelerate throughout
the knife stroke as much as or more than +/- 10%. An arrangement can be provided
therefore where, on a properly mechanically indexed flywheel, the teeth are machined
to maintain a constant pulse interval from the sensor instead of a constant angular
displacement.

Thus preferably the sensing system comprises a plurality of markers

which are arranged to pass a stationary sensor so as to generate a sensing signal for
each passing marker. However individual markers each providing a signal can be
mounted on the rotary member.

Preferably within an angle of 360 of a cycle, the sensor signals are
equiangularly spaced. That is, where a rotary member carries the markers, they are
equidistantly spaced around the member. However additional markers may be
provided or markers may be omitted at particular positions. The markers can also be

provided on the sickle bar itself or another part of the drive system which reciprocates.

Preferably the control device includes an arrangement for inputting at

least once or periodically, for use in a piurality of cycles, data indicating for each of the

first and a second sickle bars a specific angle or position of the sickle bar in the cycle
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relative to the markers associated with that sickle bar. That is a system is preferably
provided to initiate the counting of the markers at a position where the position of the
sickle bars in the cycle is known. The continued operation however can be carried out
without using any marker or component indicative of synchronization so that it
maintains the in phase position by the counting of the markers of the two sickle bars.
However a marker may be provided which gives a signal periodically such as once
per cycle of the actual position of the sickle bar in the cycle. In one simple way this
can be done by counting the teeth on a drive wheel, which rotates once per cycle, as
the multiple markers and by removing one of the teeth so that the missing tooth is
sensed and indicates the specific location of the drive wheel and hence the sickle bar
in the cycle.

In this arrangement the controller continually monitors the location of
each knife based on the missing tooth location. This is based on two pieces of
information. The first is a counter which increments every time a tooth is detected and
which rolls over back to zero after a fixed number of revolutions such as three

revolutions. So this counter just blindly counts up from zero to 141 (3 x 47) for a wheel

having 47 teeth and one missing tooth and then restarts at zero. This counter is then
converted to an actual location based on the second piece of information which is the
counter value which corresponds to the location of the missing tooth. That is, if the
controller thinks that the missing tooth occurs when the counter reads 19, then it will
use the difference between 19 and the counter as the location.

Every 3 seconds, the controller reassesses the remembered location of
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the missing tooth, while alternating between checking the LHS and RHS. This is done
by looking at the pulse intervals from the previous revolutions and iooking for the
location where the pulse interval is twice as long. It will then update the value used to
calculate the location, for example, it updates the value from 19 to 20.

5 In particular, in one embodiment which can be used, the arrangement
for inputting data inputs data provides the initialization data when the first and second
sickle bars are in opposed phase. However it will be appreciated that it is only
necessary to provide an initialization process so that counting can be carried out to
obtain and to maintain this initial position.

10 In one this embodiment the arrangement for inputting data is arranged
to operate at a start-up of the first and a second sickle bars. That i1s an arrangement
can be used in which the sickle bars are initially set on start up at a predetermined
position, which may be in synchronized relationship or not. In an arrangement in which
the sickle bars are halted on shut down at a predetermined known position, this

15  position can be used as the initialization signal for the counting process on start up.

That is the arrangement for inputting data comprises a component of the
sensing system which generates a sensor signal indicative of a predetermined

location of the first and a second sickle bars in their cycles.

In an alternative embodiment data input can be provided indicating when
20 the first and second sickle bars are in opposed phase by detecting a minimum level
of vibration. That is, a setup procedure can be run in which the relative phase of the

sickle bars is not known and the level of vibration can be detected during that
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procedure to determine the minimum vibration level and to identify that level with the
required position. Once the position is determined, the counting process defined
above can continue from that position through a multitude of cycles to eventual

shutdown. Thus the arrangement for inputting data does not operate for each of the

cycles.

In an arrangement where the first and second drive system each
comprise a respective one of first and second hydraulic motors connected in series,
with fluid under pressure being directed from a source of hydraulic fluid under pressure
to the first motor, from the first motor to the second motor and from the second motor
to drain, the control device preferably comprises a first valve operable to discharge
some fluid passing from the source to the first hydraulic motor to the second motor to
advance the second motor and a second valve operable to discharge some fluid
passing from the first hydraulic motor to the second motor to drain to retard the second
motor.

Alternatively the control‘ device can comprise a single valve operable to
discharge some fluid passing from the source to the first hydraulic motor to the second

motor to advance the second motor, as this is a simpler, less expensive arrangement.

The use of a single valve is in some cases acceptable as conventionally
the second motor tends to run behind the first motor so that in most cases only
advancement Is required. However in a circumstance where the second motor or slave
motor gets in advance of the master motor, the required position of the slave motor

can be obtained by advancing the slave motor further into the next adjacent cycle so
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as to bring the slave motor back into the required position relative to the master motor.

Preferably the control device comprises a second valve operable to
discharge some fluid passing from the first hydraulic motor to the second motor to
drain to retard the second motor as this provides a more effective control system
operable to both advance and retard.

In accordance with another important aspect of the invention the drive
system for driving the sickle bars through repeated cycles of reciprocating movement
from start-up through to a shut-down is arranged to halt the sickle bars at shut-down
at a predetermined position of the knife blades relative to the knife guards. Where the
position at shutdown is therefore set, this position can be maintained until start-up thus

providing the initialization for the counting system of the present invention.

Preferably the sickle bars are halted at shut-down at the predetermined

position in which a center line of each of the knife blades is located midway between

center lines of each of two adjacent knife guards.

Preferably the drive system includes a shut-down procedure by which

the sickle bars are driven at a speed slower than a cutting speed to move to the

predetermined position.

Preferably the sickle bars are driven in the shut-down procedure in a
reverse direction to move to the predetermined position.

Preferably the drive system includes a physical stop member to locate
the sickle bars at the predetermined position. However other methods for detecting

the required predetermined position can be used other than physical stops.
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In one preferred arrangement the stop member comprises a pawil
movable to an extended position when said the sickle bars are driven at a speed
slower than a cutting speed to move to the predetermined position. Preferably the

pawl is mounted on or cooperates with a rotary member such as a gear wheel or

flywheel of said drive system.

Thus in one embodiment of the cutting apparatus described in more
detail hereinafter, the control device is sensing pulses from the gearwheel or flywheel
at each end of the header. The controller collects the total pulse count from each side
and adjusts the valve or valves to keep the total puise count substantially equal. The
valve or valves can be of the PWM type so that they are continuously varied to
continuously try to maintain the pulse counts equal.

In one simple embodiment the two sickle knives are moved to the
required position manually before the machine is started. After that, the controller
keeps them in this position without specifically knowing the actual position of each

sickle or having any input as to the specific position at any time.

Alternatively it is possible to automatically sense the position of each
knife so that the controller can also do the initial positioning. There are various ways

to do this, for example by cutting off one tooth from the gear tooth flywheel at a known

location so that on the initialization the controlier knows the precise location of the
flywheel and therefore the position of the knife. However this system may not use this

known location on an ongoing basis but instead operates by counting the pulses from

the sensing system.
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In an alternative arrangement it Is possible to measure the vibration of
the header. When the knives are not in opposed phase, the header vibrates and it is
possible to use this fact to find out when the knives are closely (not perfectly) in

opposed phase.

5 As described in more detail hereinafter, it is preferred to use a two valve
system which controls both the addition of fluid and the release of fluid from the
motors. This only applies to the slave motor as the system does not add fluid to the
master motor. Thus the arrangement herein acts to control both positive and negative

changes position by advancing and retarding the position.
10 Thus the present system acts to change the position of the slave drive
relative to the position of the master drive as opposed to a conventional system which

operates to try to match the speed where the second motor is set to run faster and

then slowed periodically when required.

Another advantage to the valve arrangement as described hereinafter is

15  that the system does not bleed off fluid continually without reason. Bleeding fluid to
reservoir is a waste of power. The present system acts only to bypass flow to the

reservoir in the rare occasion where the slave motor is ahead of the master motor in

pulse count.

In a conventional arrangement which continually bleeds fluid and has a
20 fixed amount of fluid bypassing the master motor at all times, this amount must be

sufficient for the worst leakage condition which is significant. Such a system then acts
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to bypass most of this flow, other than the leakage amount from the first motor, to the

reservoir in all other but the worst case.

In the single valve version, the system can only divert fluid around the
master motor directly to the slave motor. If the slave motor is getting too far ahead of
the master, say by about 15% of a revolution, the system acts to instantly speed up
the slave by diverting MORE fluid so that it advances in position 85% of a revolution
(100-15=85%) to get back into the required positon relative to the master.

The arrangements described in the present application can operate with
an epicyclical gear crank (EGC) knife drive as well as the wobble box type drive. The
drive motor can be a typical piston motor or a gerotor which typically has slightly more

leakage than a piston motor.

BRIEF DESCRIPTION OF THE DRAWINGS

One embodiment of the invention will now be described in conjunction

with the accompanying drawings in which:

Figure 1 is a plan view of a cutting apparatus according to the present

invention showing a part only of the cutter bar and the knife guards with the two

reciprocating sickle bars.

Figure 2 is a schematic illustration of the cutting apparatus of figure 1

showing the sickle bar synchronization system and using a first sensing system on a

timing belt drive.

Figure 3 is a similar schematic illustration to that of figure 2 showing a

sensing system with a flywheel.
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Figure 4 is a schematic illustration of a first valve arrangement for the

control device of figure 2.

Figure & is a schematic illustration of a second valve arrangement for

the control device of figure 2.

Figure 6 is a schematic illustration of one of the drive arrangements

showing a first pawl device for locating the sickle bar at a predetermined position.

Figure 7 is a similar view to that of figure 6 showing the device in the set

predetermined position.

Figure 8 is a schematic illustration of one of the drive arrangements

showing a second pawl device mounted on the frame adjacent the rotary member for

stopping the rotary member at the predetermined position.

In the drawings like characters of reference indicate corresponding parts

in the different figures.

DETAILED DESCRIPTION

In figure 1 is shown a first embodiment of a crop cutting apparatus

generally indicated at 10. Only a part of the complete machine is shown since the
remainder of the machine may vary widely depending upon requirements and since
the construction is of course well known to a person skilled in the art. In this
embodiment as shown, there is a frame generally indicated at 11 which of course
forms only one part of the total frame structure that is the part of the frame that is

relevant to the present invention.

The cutting device 10 further includes a cutter bar 12 attached to the
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frame structure 11. Thus the frame structure 11 in the part as shown comprises a
guard bar 13 to which is attached a plurality of knife guards 14. The guard bar 13 is
attached to a cutter bar 15 along the front edge of a frame structure which supports
the guard bar in fixed position across the front edge of the frame for a cutting action

of the crop cutting device on the standing crop.

The knife guards 14 are arranged in pairs and mounted on the guard bar
13 at spaced positions along the length of the guard bar. In the embodiment as shown,
only three of the pairs of guards are shown but it will be appreciated that there are

additional guards as required to provide a crop cutting apparatus of a required width.

The knife guards are basically of a conventional construction in that each
includes a lower portion 15 and an upper portion 16. These two portions are mounted
on the guard bar 13 by a mounting arrangement 17 including boits 18.

In the embodiment shown the guards are stub guards so that the nose
of the upper and lower portions substantially overlie one ancther and confine between

them the blades 23 of the sickle bar 24. However the same arrangement can use

pointed guards.

In the embodiment shown there are two sickie bars including a first sickie
bar 24A and a second sickle bar 24B. The bar 24A is driven by a reciprocating drive
motor 36 and symmetrically the bar 24B is driven by reciprocating drive motor 37.
These drive motors are arranged at opposite ends of the sickle bar so that the sickle
bars meet at a central guard generally indicated at 30. Each of the sickle bars is driven

by the reciprocating drive motor such that the bar reciprocates by a distance equal to
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the space between each of the guards along the guard bar 13. The reciprocating drive
can also drive the sickle bars by distance equal to the space between three or even
four of the guards so that the blades travel a greater distance than between two of the
guards.

Each sickie bar comprises a support bar member 31 and the plurality of
blades indicated at 23. Each of the blades forms a generally triangular-shaped
member which has a rear end bolted to the bar and converges from the rear end to a
front end 23B. Each of the blades has a side edge 23F and a second side edge 23G.
The sides edges are chamfered from the top surface down to the bottom surface 23E
so that a sharp edge is formed at the bottom surface at each of the side edges.

The top member 16 acts to hold the blades downwardly into
engagement with the top surface of the bottom portion 15. The bottom portion 15 has
two side edges as best shown in figure 2 with those side edges 15A and 15B acting
as side edges of a ledger surface 15C defined across the top of the bottom portion 15.
Thus the cutting action of the blades occurs between the ledger 15C and the bottom
surface of the blade as the blade reciprocates from its position at one of the guards to
its position at the next adjacent one of the guards. In this cutting action, therefore, the
side edge of the blade moves across the space between the guards and enters onto
the ledger surface of the guard in a cutting action between the bottom surface of the
blade and the top surface of the guard which are immediately adjacent and either in
contact or closely adjacent position to provide a shearing action on the crop.

In these conventional guards, the upper portion 16 acts merely as a hold
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down member contacting the upper surface of each of the blades so as to apply
pressure to that upper surface and hold it in contact with or closely adjacent the ledge

surface of the bottom portion where the cutting action occurs. The upper portion

therefore as shown in FIG. 2 has side surfaces 16A and 16B which are narrower than

the side edges of the bottom portion 195.

This construction is well known and widely used in sickle knife cutting

systems of this type.

The individual sickle bars 24A and 24B are driven by reciprocating drives
36 and 37/, respectively. Such drives can be of any desired type that converts a rotary
input motion into a linear motion for reciprocating the sickle bar sections individually.
The rotary input to the drives 36 and 37 is provided In the present disclosure by
hydraulic motors 38 and 39.

A first or master hydraulic motor 38 is used for driving the rotary input to
the drive 36, a second or slave hydraulic motor 39 is used for driving the rotary input
to the drive 37. The two motors, 38 and 39 are shown in figure 4 connected in series.
The sickle bar sections are driven to move in opposite directions, and they will
reciprocate with the inner ends of the sickle bar sections (near the center of the
header) moving toward each other and then away from each other as the drive cycles.
The sickle bar sections may overlap for about a foot of length, when both sickle bar
sections are at the ends of their inward (toward center) strokes, with the sickle knives
on the sickle bar sections spaced 3 inches on center, with a 3 or 6 inch stroke.

As described above, therefore, the arrangement provides first and
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second sickle bars 24A, 24B mounted in transversely extending position across the
cutter bar and driven in opposed reciprocating movement across the knife guards at
the same frequency but in opposed phase. Each of the sickle bars carries the knife

blades thereon which provide side cutting edges cooperating with the edges of the

knife guards.

Each of the drive systems 36 and 37 are shown in figure 2 include a
device 36A for converting rotary movement from a rotary drive wheel 36B into the
required reciprocating movement. The drive wheel 36B is driven by the hydraulic

master motor 38. On the right-hand side of the system the drive 37 is driven by the

slave motor 39.

The drive systems first drive each of the first and second sickle bars
through repeated cycles of reciprocating movement back and forth between the
guards. Each cycle of movement extends from one end position of a stroke up to
unopposed end position of the stroke and back to the first and position. This movement
IS generated by a single rotation of the drive wheel 36B and the location on the drive
wheel 36B can have any associated position in the cycle of the reciprocating

movement of the sickle bar.

Each of the drive systems includes a sensing system generally indicated
at 50 which is arranged to generate a plurality of sensor signals for each cycle of the
reciprocating movement and thus for each rotation of the drive wheel.

In figure 2 the drive wheel forms part of a timing belt drive where the

wheel includes drive teeth at spaced positions around the periphery of the wheel. In
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this arrangement the sensor system 50 includes a single sensing device 51 which
cooperates with the teeth 52 of the wheel 36B. The sensing system can use a light
beam broken by the movement of the teeth or a proximity sensing system which
detects the presence of the teeth. Regardless of the system used, the sensing system
generates pulses which are transmitted to a control 60 as a stream of pulses which
can be detected in the control device 60 and can be counted. Thus the control device
includes a counting system 61 for the pulses from the left hand drive 36 and a counting
system 62 for the pulses from the right hand drive 37.

The control device 60 is arranged to be responsive to the sensor signals
as counted by the counters that 61 and 62 to provide an output 63 to a valve
arrangement 64 to control the fiow of fluid moving the motors 38 and 39. In this way
the control device 60 operates to count the number of pulses received and to operate

the valve arrangement 64 so as to continuously maintain the number of pulses

counted approximately or substantially equal.

As shown in figure 4, the pump 40 supplies fluid through the line 48 to
the master motor 38 driving the drive system 36. From the master motor 38, the fluid
passes through a line 49 to the slave motor 39. From the slave motor 39 the fluid
passes through a line 49A to a drain 49B. The valve assembly 64 includes two valves
41 and 42. The valve 41 is connected across the lines 48 and 49 so it can be operated
under control of the control device 60 from a closed position 41A to an open position

41B. In the closed position no fluid transferred from the line 48 to the line 49. In the

open position fluid passes from the line 48 to the line 49 and thus bypasses the master
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motor 38. This fluid which bypasses the master motor acts to advance the slave motor
and retard the master motor since the system acts to transfer fiuid away from the
master motor and to the slave motor by a certain distance of rotation relative to the
master motor. The valve 42 includes a closed position 42A and an open position 42B.
In the open position a volume of fluid is discharged from the line 49 to the line 48A
and thus to the drain. This amount of fluid discharged from the line 49 acts to bypass
the slave motor 39 and thus to retard the slave motor by a certain distance of rotation
relative to the master motor. In this way the control 60 can operate the valves 41 and
42 to advance and retard the position of the slave motor relative to the master motor.

The valves 41 and 42 are preferably PWM valves which means that they
can precisely control the flow through the valves from near zero minimum to the
maximum displacement of the valve which is typically around 4 gallons per minute.
The amount of fluid that is aliowed through the valve is fully controlled by the output
of the controller and depends on an algorithm based on how many teeth the two drives
are out of synchronization and other factors in a PID control loop. Thus the valves are

not merely "open” or “closed” and valve 41 will nearly always be allowing a certain

amount of flow equal to the leakage of the master motor to bypass to the second
motor. It will be appreciated that all such motors have a slight leakage so that

necessarily, in most cases, some fluid is leaked through the master motor so that we

slave motor typically runs more slowly.

In operation therefore the control system acts to count the number of

pulses arriving from the drive 36 and to compare this number of pulses with the pulses
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arriving from the drive 37. In the event that the comparison remains equal, no action
is required since the two drive systems remain in phase. In the event that the number
of pulses from the counter 62 is greater or less than the number of pulses from the
counter 61, the control device acts to operate the valves 41 and 42 to advance or
retard the slave motor position relative to the master motor position. The counting of
the pulses can be in effect continuous so as to detect a soon as a discrepancy in count
value occurs. As an alternative, the counting may be carried out in specific sequential
time periods so that the system takes action only at the end of the specific time period
and only in the event that a discrepancy is detected within that time period.

The control device is arranged to effect the comparison repeatedly
during each cycle. Thus in one example the number of teeth on the drive wheel may
be of the order of 48 so that there are 48 pulses for each rotation of the drive wheel
and each cycle of the sickle bar. This allows the comparison to be effected repeatedly

during each cycle so that the correction of the positions of the motors can also be

carried out repeatedly each cycle.

It will be appreciated that each tooth of the drive whee! is in effect
identical to each of the others so that the pulse generated is the same as the other
pulses and has no direct relation to any position of the sickle bar in its cycle. Instead
of indicating a particular position, therefore, the system operates to count the pulses
so as to repeatedly take steps to maintain the number of pulses equal.

In figure 5 is shown an arrangement which is simplified relative to that

of figure 4 in that it includes only a single valve 41. This arrangement operates in the
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event that the slave motor falls behind the master motor by a distance as detected by
the counting of the pulses to add fluid to the slave motor relative to the master motor
so as to advance the slave motor by the required distance. It is typical that the slave
motor will become retarded relative to the master motor rather than advanced. Thus
the single valve can be used to move the slave motor forwards by the required
distance to maintain the synchronization. In the rare event that the slave motor
becomes advanced relative to the master motor, the single valve can be operated to
further advance the slave motor into the next cycle so as to recover the
synchronization. The temporary period of lack of synchronization as in the slave motor
IS advanced is sufficiently short to cause no discernible effect.

In figure 3 is shown an arrangement which uses a drive without a timing
belt construction so that the pulses are generated by a sensing system 51S operating
on a flywheel 36F. The sensing system 518 can include a light source shining a beam
through holes 36G spaced around the flywheel with the beam being sensed by a
downstream light sensor to provide a pulse for each passage of a hole. However more

preferably the sensor is a proximity sensor that senses the presence/absence of the

markers/ieeth.

In figure 2 is shown an arrangement where an initialization of the
synchronization of the first and second sickle bars is obtained using a vibration sensor
67. The sensor 67 is responsive to vibration of the cutter bar or potentially some other
part of the header in a direction preferably longitudinal but could be some other

direction as well of the reciprocating movement. This vibration detection is used in an
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initialization process in which the first and second sickle bars are initially out of phase
at some random position. In the initialization protocol, therefore, the sickle bars are
driven through a number of cycles while the amount of vibration is detected and the
minimum level of vibration is found. This minimum level is assumed to coincide with
the synchronization of the two sickle bars so that this position is that entered into the
control device as an initial position from which the counting should be carried out and

maintained at a constant count value. That is the system acts to maintain ‘equal

counts between the two sides.

In figure 3 is shown another arrangement in which an input 601 is used
to enter an initialization signal to the control device 60 which provides an indication of
the initial state of synchronization of the sickle bars. This synchronization state can be
obtained by a suitable output at the drive systems which indicates the current position
of the rotary member. Thus for example the rotary member may have a marker
Indicative of an end position of the sickle bar cycle so this marker is detected and

provides an initialization signal to the input 601 which is used by the control device 60

to detect when the sickle bars are in synchronization so as to start the count of the

pulses maintain a constant pulse value. Again this synchronization signal can be used
only at start-up or only very occasionally since the control of synchronization is carried

out by the pulse counting system. The Initialization signal indicative of the position of
the sickle bars is not used for synchronization in each cycle of the sickie bars. However
iIn some cases this initialization signal, if detected in each of the cycles, can be used

for each and every cycle in addition to the counted pulses for use in the algorithm
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controlliing the bypass valves.

Turning now to figures 3, 6 and 7 there is shown an arrangement for
halting the sickle bars 24A and 24B at the predetermined location shown where the
cutting blades 23 are located intermediate the guards 14. However other locations
may be selected for the shutdown position if required. In the embodiment shown a
center line 23C of the cutting blade is located midway between center lines 14C of the
guards 14.

This position is obtained by providing a pawl 36P which cooperates with
a stop member 36S. The pawl 36P is carried on the flywheel 36F and a suitable
position so that it can cooperate with the stop member 36S at a required time during
shutdown. The pawl 36P is pivotal on a pivot mounting 36R and carried so that it is
normally detracted during the rotation of the flywhee! 36F so that it does not interfere
with the normal driving action during operation. However during a shutdown process,
the pawl 36P moves from the retracted position into an engagement position where it
engages the stop member 36S to siOp rotation of the flywheel at the predetermined

angular position defined by the stop member 36S. This position is arranged so that it

coincides with the above defined position required for the blades 23 relative to the

guards 14.

In the stopping procedure, the flywheel is brought to a halt or to a slowed
operation allowing the pawl to deploy. The flywheel is then driven slowly from
whatever position it obtains during the shutdown procedure to bring the pawl up to

engagement with the stop member. On reaching the stop member the movement of
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the flywheel is halted. These operations are controlled by the control unit 60 which
Includes a control line operating the pump 40. It will be appreciated that the pawl and
the stop member can be located at any suitable position within the drive system. It will
be appreciated that the siow movement of the flywheel from its initial halted position
up to the stop member can be carried out in a forward direction or in a reversed
direction as required, as controlled by the control unit 60 operating on the pump 40.
This arrangement provides the ability to have the sickle section centered
between guard points when the knife stops. This positioning is required in order to
remove and replace a sickle section. Traditionally, the operator must manually move
the knife to this position by somehow turning the knife drive. This typically requires
opening the end panel of the header and turning the drive by hand. The present
arrangement can be used on the double sickle headers as described above or can be
used in relation to a single sickle bar system where only a single drive system is
provided. In an arrangement where there is only a single sickle bar, the counting
arrangement described above can be used to detect the position of the single sickle

bar, using an input of an initial position which can be provided by any of the

arrangements described herein. The arrangement described herein can be used on

any sickle knife cutting system for example on combines or windrowers.

In this arrangement a pawl is added to a rotating member of the knife
drive. In normal forward operation, the pawl is forced away from the center of the
drive due to the centrifugal action of the rotating drive. When the drive is shut off it is

allowed to come to a stop. When the drive is then reversed slowly, the pawl falls
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towards the center of the drive and engages on the stop at the precise location where
the section is centered between the guard points. This stop location is known to be

the center of the knife stroke.

On a double sickle header, there would be a pawl on each drive and
each one would engage a separate stop to stop the respective knife at the correct
location.

In an alternative arrangement without using the mechanical stop system
of the pawl, the arrangement can use the location and counting system described
above. Thus in the arrangement as shown in figure 2, the system essentially knows
the position of the knife at any time during operation and hence has information in the
control 60 as to when the sickle section is centered between the guard points, that is
the center of the knife stroke. Using this information, in a first mode of operation, when
the knife is shut off, it is allowed to come to a stop at any position. However it is not
mandatory for it to completely stop and the arrangement could use this method before
knife is completely stopped. Then, the controller 60 commands the knife flow control
valve 65, that is the main valve that controls the knife on/off and sets the knife speed
to allow a small amount of fluid to the knife drives 36, 37 to turn the drive slowly. Once
the sickle section is known by counting the pulses to be centered between the guard
points, the valve closes and the knife stops.

In a potential variation of the above method for a double sickle drive, the

knife flow control valve 85 is commanded to provide fluid to the drive to turn the drive

slowly. Once the slave knife is at the center of the stroke, the system fully opens the
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slave motor flow control valve 42 (figure 4) and bypasses fluid around the slave motor
directly to the reservoir, stopping the slave knife motor 39. Then, when the master
Knife Is centéred, the system operates the knife flow control valve 65 and stops the
master drive.

With the single valve version of the knife timing system of figure 5, the
master side Is set to the center of the stroke and then the bypass valve 41 opens fully

until the slave side motor 39 is centered and then the main knife flow control valve 65

closes.

In regard to combine harvester headers, the control of the header is
operated from combine harvester so that the control 60 does not have full control of
the knife drive flow going to the header motor. Thus the system operates to instruct
the combine operator to select a ‘Change Sickle Section’ function which acts to turn
the knife slowly to center the section in the guard. In another option the system

operates to instruct the operator to reverse the header slowly and then center the

section at the end of the reverse procedure.

An alternative arrangement is shown in Figure 8 where the pawl system
iIncludes a pawl which is pivoted on the header frame, not the flywheel or gear wheel,
and engages a fixed point on the flywheel. For example the paw! can fall into a notch

or engage a protrusion on the flywheel when activated to stop the flywheel at the

Known position.

Thus as shown in figure 8, a paw! 70 is mounted on a bracket 71 carried

on the frame at a location adjacent to the flywheel 36F. The pawl 70 is pivotal on a pin
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72 and is movable into a notch 73 provided on the flywheel 36F. In normal operation,
the pawl 70 is maintained out of engagement with the flywheel by pressure applied to
a cylinder 74 by fluid in a line 75 from the pump 40. The pressurized fiuid in the line
75 is supplied through a valve 76 operated by the control 60 so that when the valve
76 is open the pressure from the fluid biases the pawl 70 by a piston 77 into a retracted
position of the paw! 70. At shut down of the system, the valve 76 is closed to release
the fluid pressure so the spring 78 acts to bias the pawl 70 in to the engagement
position shown where a portion is engaged into the notch 73 to stop the flywheel 36F
at the specific location defined by the notch 73. Thus when the drive is started, the
pressure to the motor acts to extend the cylinder 77 which disengages the pawl from
the notch, and allows the flywheel to turn. The check ball in the valve keeps the
cylinder extended even if the drive pressure drops to zero.

Upon shutdown, the control 60 monitors the speed of the flywheel and
when it falls below a threshold value for example 100 RPM, then the control sends a

signal to the valve 76 which then opens and allows the cylinder 74 to retract and

causes the spring 78 to push the pawl into the notch in the flywheel the next time in
comes around to the pawl. The reason the system waits until the flywheel has siowed

IS so that the flywheel has less energy and is easier to stop abruptly with the pawl 70.

When the drive is shut off, the pressure between the pump 40 and motor

38 becomes small enough that the compression spring 78 can overcome any force at

the cylinder 74.

A second version (not shown) of this method can be used where the
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valve 76 is replaced by a solenoid trigger and latch mechanism. The pawl 70 is
disengaged from the flywheel notch in a similar method to above using a cylinder 74
when the drive is started. The paw! 70 is held disengaged by a latch even if the drive
pressure goes to zero. When the drive is shut off, the control 60 monitors the speed

of the flywheel and when it is slow enough, the solenoid is commanded to release the

latch which allows the pawl to fall into the notch on the flywheel.
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CLAIMS:

1. A crop cutting apparatus comprising:

a frame structure arranged for forward travel over ground having a standing

crop thereon,;

a cutter bar secured to the frame structure and extending transversely across

a front end of said frame structure;

a plurality of knife guards mounted in spaced relation along said cutter bar and

projecting forwardly therefrom;

each of said guards having a ledger surface with opposed side edges thereof

arranged to provide first and second shearing edges;
a first and a second sickle bar;

the first and second sickle bars being mounted in transversely extending
position and being driven for reciprocating movement relative to said knife guards such that

the first and second sickle bars reciprocate at the same frequency but in opposed phase so

as to reduce vibration;

the first and second sickle bars each having a plurality of knife blades mounted
thereon for movement therewith with each of the knife blades having two side cutting edges
which cooperate with said shearing edges of said knife guards;

first and second drive systems each for driving a respective one of the first and
second sickle bars through repeated cycles of reciprocating movement where each cycle

extends from one end position of a stroke of the respective sickle bar up to an opposed end

 position of a stroke of the respective sickle bar and back to said one end position;

each of the first and second drive systems including a sensing system which

generates a plurality of sensor signals for each cycle of reciprocating movement;
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and a control device responsive to the sensor signals from both of the first and

second drive systems for advancing or retarding one of the first and second drive systems so
that a number of sensor signals obtained from the first drive system is continually maintained
so as to be substantially equal to a number of sensor signals obtained from the second drive
system;

wherein the control device includes an arrangement for inputting initiation data
into the control device indicating at a predetermined time for the first sickle bar a specific angle
of the first .sickle bar in the cycle of the first sickle bar and at the same predetermined time for

the second sickle bar a specific angle of the second sickle bar in the cycle of the second sickle

bar.

2. The crop cutting apparatus according to claim 1 wherein the control

device is arranged to count the sensor signals.

3. The crop cutting apparatus according to claim 1 or 2 wherein the control
device is arranged to advance or retard said one of the first and second drive systems within

a period of less than one cycle.

4. The crop cutting apparatus according to any one of claims 1 to 3

wherein each of the sensor signals is identical to the others so that none is associated with a
specific position within the cycie.

5. The crop cutting apparatus according to any one of claims 1 to 4

wherein each of the first and second drive systems includes a rotary member and wherein the

sensing system is arranged to generate the sensor signals at spaced positions around the

rotary member.

B. The crop cutting apparatus according to any one of claims 1 to 5

wherein the sensing system comprises a plurality of markers which are arranged to pass a
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stationary sensor so as to generate a sensing signal for each passing marker.

7. The crop cutting apparatus according to any one of claims 1 to 6

wherein, within an angle of 360 of a cycle, the sensor signals are equiangularly spaced.

8. The crop cutting apparatus according to any one of claims 1 to 7

wherein said arrangement for inputting said initiation data is arranged to input the initiation
data once, for use in a plurality of cycles of the first and second sickle bars.

Q. The crop cutting apparatus according to any one of claims 1 to 8

wherein the arrangement for inputting said initiation data inputs initiation data indicating when
the first and second sickle bars are in opposed phase.

10.  The crop cutting apparatus according to any one of claims 1 to 9
wherein the arrangement for inputting said initiation data is arranged to operate at a start-up

of the first and second sickle bars.

11.  The crop cutting apparatus according to any one of claims 1 to 10
wherein the arrangement for inputting data is arranged to operate by the first and second
sickle bars being located at a predetermined location at start-up.

12.  The crop cutting apparatus according to any one of claims 1 to 11
wherein the arrangement for inputting data comprises a component of the sensing system
which generates location sensor signals indicative of a predetermined location of the first and

second sickle bars in their cycles.
13. A crop cutting apparatus comprising:

a frame structure arranged for forward travel over ground having a standing

crop thereon:;

a cutter bar secured to the frame structure and extending transversely across

a front end of said frame structure:
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a plurality of knife guards mounted in spaced relation along said cutter bar and
projecting forwardly therefrom;

each of said guards having a ledger surface with opposed side edges thereof
arranged to provide first and second shearing edges;

a first and a second sickle bar;

the first and second sickle bars being mounted in transversely extending
position and being driven for reciprocating movement relative to said knife guards such that
the first and second sickle bars reciprocate at the same frequency but in opposed phase so

as to reduce vibration;

the first and second sickle bars each having a plurality of knife blades mounted
thereon for movement therewith with each of the knife blades having two side cutting edges
which cooperate with said shearing edges of said knife guards;

first and second drive systems each for driving a respective one of the first and
second sickle bars through repeated cycles of reciprocating movement where each cycle
extends from one end position of a stroke of the respective sickle bar up to an opposed end
position of a stroke of the respective sickle bar and back to said one end position;

the first drive system including a first sensing system which generates a
plurality of first sensor signals for each cycle of reciprocating movement of the first sickle bar;

the second drive system including a second sensing system which generates
a plurality of second sensor signals for each cycle of reciprocating movement of the second
sickle bar;

and a control device responsive to the first and second sensor signals from the
first and second drive systems;

wherein the control device is arranged to determine when the first and second
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sickle bars are in opposed phase,

and wherein the control device operates to compare a number of first sensor

signals with a number of second sensor signals for advancing or retarding one of the first and
second drive systems to maintain the first and second sickle bars in said opposed phase.

5 14, The crop cutting apparatus according to claim 13 wherein the control

device is arranged to advance or retard said one of the first and second drive systems within

a period of less than one cycle.

15. A crop cutting apparatus comprising:

a frame structure arranged for forward travel over ground having a standing
10  crop thereon;
a cutter bar secured to the frame structure and extending transversely across
a front end of said frame structure;

a plurality of knife guards mounted in spaced relation along said cutter bar and

projecting forwardly therefrom;

15 each of said guards having a ledger surface with opposed side edges thereof

arranged to provide first and second shearing edges,

a first and a second sickle bar;

the first and second sickle bars being mounted in transversely extending

position and being driven for reciprocating movement relative to said knife guards such that

20 the first and second sickle bars reciprocate at the same frequency but in opposed phase so
as to reduce vibration:

the first and second sickle bars each having a plurality of knife blades mounted

thereon for movement therewith with each of the knife blades having two side cutting edges

which cooperate with said shearing edges of said knife guards;
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first and second drive systems each for driving a respective one of the first and
second sickle bars through repeated cycles of reciprocating movement where each cycle
extends from one end position of a stroke of the respective sickle bar up to an opposed end
position of a stroke of the respective sickle bar and back to said one end position;

the first drive system including a first sensing system which generates a first
plurality of first sensor signals for each cycle of reciprocating movement of the first sickle bar;

the second drive system including a second sensing system which generates
a second plurality of second sensor signals for each cycle of reciprocating movement of the
second sickle bar, where the first and second piuralities are equal;

and a control device responsive to the first and second sensor signals from the
first and second drive systems for advancing or retarding one of the first and second drive
systems to maintain the first and second sickle bars in said opposed phase.

16. The crop cutting apparatus according to claim 15 wherein the control
device is arranged to advance or retard said one of the first and second drive systems within

a period of less than one cycle.
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