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WORK MACHINE ATTACHMENT BASED SPEED CONTROL SYSTEM

This application is being filed on 14 April 2009, as a PCT International
Patent application in the name of Vermeer Manufacturing Company, a U.S. national
corporation, applicant for the designation of all countries except the US, and Casey
Dean Berg, a citizen of the U.S., Oleg Khalamendik, a citizen of Russia, and Ted Jay
Sanders, a citizen of the U.S., applicants for the designation of the US only, and
claims priority to U.S. Provisional patent application Serial No. 61/168,146, filed
April 9, 2009.

Technical Field

The present disclosure relates to machinery with attachments having

a control mechanism that minimizes overloading the attachment.

Background
Typically, machine attachments are constructed such that the machine

cannot apply enough force to the attachment to cause the attachment to prematurely
fail. For example, a digger boom on a trencher is traditionally designed and
engineered to withstand the maximum amount of force that can possibly be applied
to it by the tractor that it is configured to be used with. Digger booms and other
machine attachments are traditionally designed to be used with a particular size
machine. However, it can be desirable to use relatively light attachments on

relatively heavy machines, or to provide interchangeable machine attachments.

Summary
The present disclosure provides a machine configured so that its

ground speed is at least in part dependent on the measured force that is applied to an
attachment attached thereto. The present disclosure also provides an attachment for
a machine that is configured to provide feedback to the machine it is configured to
be attached to, wherein the feedback is representative of the force applied to the
attachment. The present disclosure also provides a method of automatically
controlling the ground speed of a machine based on feedback measured in an

attachment attached to the machine.
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A method of protecting an attachment according to an embodiment of the
present disclosure comprises the step of monitoring the load applied to an
attachment by a machine due to the motion of the machine; and automatically
decreasing the drive speed of the machine based on the load.

A machine according to an embodiment of the present disclosure comprises a
chassis; a trencher attachment connected to the chassis; a hydraulic cylinder that
extends and retracts to adjust the orientation of a portion of the trencher attachment
relative to the chassis; a transducer configured to measure the pressure of the
cylinder; and a drive control unit that receives the measured pressure and is
configured to adjust a ground drive speed of the machine.

A machine attachment according to an embodiment of the present disclosure
comprises a boom configured to support a material reduction device; a hydraulic
cylinder arranged to adjust the orientation of the boom, wherein the hydraulic
cylinder is arranged such that the flow of hydraulic fluid into and out of the cylinder
can be limited to less than 5 drops per minutes; and a transducer configured to

measure the pressure within the cylinder.

Brief Description of the Fisures

Figure 1 is a perspective view of a machine with an attachment
according to the principles of the present disclosure;

Figure 2 is a side view of the machine of Figure 1 with a digger
attachment shown in a generally horizontal orientation;

Figure 3 is a side view of the machine of Figure 1 with a digger
attachment shown in a lowered orientation;

Figure 4 is a combined hydraulic circuit diagram and control
schematic of the machine with an attachment shown in Figure 1;

Figure 5 is a flow diagram showing an embodiment of the control

system according to the present disclosure.

Detailed Description

Machines with tool attachments are commonly used in construction
related applications. The machine typically includes a chassis, which is also
commonly referred to as a frame, and is supported on tires or tracks. An engine

supported on the chassis generates power to run the tires or tracks as well as any
2
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attachments connected to the chassis. The term “attachments” is used herein to refer
to tools that are configured to be connected to the chassis. Attachments include, but
are not limited to, backhoe, diggers with chains, plows, lift buckets, rock wheels,
terrain levelers, etc. Trenching type attachments include, but are not limited to,
attachments that are configured to create a trench in the ground (e.g., rock wheels,
diggers with chains, etc.).

Referring to Figures 1-3, an example of a machine having an
attachment according to the present disclosure is shown and described. In the
depicted embodiment the machine is a trencher 10 having a digger 12 attachment, a
vibratory plow attachment 24, and a backfill attachment 26. The trencher 10 is
supported on four tracks 14. The digger 12 includes a boom 16 and a chain 18 that
rotates around the boom 16. In operation the chain 18 is rotated and the boom 16 is
lowered into the ground to a particular depth. The trencher 10 is then driven by an
operator along a path that is in a direction that is generally away from the distal end
20 of the digger 12, thereby forming a trench behind the trencher 10.

In the depicted embodiment the orientation of the boom 16 is
controlled by actuating a hydraulic cylinder 22. The further the hydraulic cylinder
22 is extended, the deeper the boom 16 is plunged into the ground (Figure 3). For a
more detailed description of controlling a boom orientation using a hydraulic
cylinder see US Pat. Application Serial No. 11/771,171 (US Pub. No.
2009/0000154), which is hereby incorporated in its entirety by reference. In
applications where it is desirable to trench at a constant depth, the hydraulic cylinder
22 is locked off from the hydraulic circuit once the desired cut depth is reached.
Allowing additional fluid flow into the cylinder 22 would result in the boom 16
plunging deeper than desired, and allowing additional fluid flow out of the cylinder
22 would result in the boom 16 cutting shallower than desired.

In the example embodiment, the pressure in the hydraulic cylinder 22
varies during the trenching operation depending on a number of factors. Assuming
the trencher 10 is moving at a constant ground speed (e.g., 5 fpm), the pressure in
the hydraulic cylinder 22 will be greater when the trencher moves through denser
soil than when it moves through less dense soil. The load on the boom 16 is

proportional to the pressure in the hydraulic cylinder 22. Accordingly, the variations
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in the pressure in the hydraulic cylinder 22 represent variations of the load on the
boom 16.

In the depicted embodiment, the pressure in the hydraulic cylinder 22
is generally correlated to the variation in pressure of the hydraulic fluid that drives
the chain 18. However, since the pressure in the hydraulic fluid that drives the chain
18 is dependent on the engagement between the chain 18 and the material it
contacts, the pressure in the hydraulic cylinder 22 may in some cases be very
different than the pressure in the hydraulic fluid that drives the chain. For example,
if the trencher 10 moves over a large boulder, the chain 18 may slip rather than bite
into the rock, and the pressure in the hydraulic fluid that drives the chain 18 may be
relatively low while the pressure in the hydraulic cylinder 22 may be extremely
high. Accordingly, monitoring the pressure in the chain drive as disclosed in US
Pat. Application Serial No. 11/770,940 (US Pub. No. 2009/0000157), which is
hereby incorporated in its entirety by reference, may not be sufficient to detect
overloading of the boom.

In the depicted embodiment, the pressure in the hydraulic cylinder 22
is generally correlated to the variation in the pressure of the hydraulic fluid that
drives the tracks 14. However, since the pressure in the hydraulic fluid that drives
the tracks 14 is dependent on whether the trencher 10 is moving uphill (relatively
higher pressure) or downhill (relatively lower pressure), the pressure in the hydraulic
cylinder 22 may in some cases be very different than the pressure in the hydraulic
fluid that drives the tracks 14. For example, if the trencher 10 is moving down a
steep inclined, the pressure in the hydraulic fluid that drives the tracks 14 may be
relatively low while the pressure in the hydraulic cylinder 22 may be extremely
high.

In the depicted embodiment, the pressure in the hydraulic cylinder 22
may or may not be correlated to the variation in engine speed of the trencher 10. If
the engine of the trencher 10 is relatively low power, the engine speed decreases
when the pressure in the hydraulic cylinder 22 is high. However, when the engine is
relatively high power, the increase in load on the digger 12 will not draw down the
engine speed. Also, since the engine would also typically power the tracks 14 and
the rotation of the chain 18, the engine speed is also dependent on the variation in

the load on these functions which, as described above, may or may not correlate
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with the load on the hydraulic cylinders 22. Therefore, controlling the ground speed
based on engine speed as disclosed in US Pat. Application Serial No. 11/770,909
(US Pub. No. 2009/0000156), which is hereby incorporated in its entirety by
reference, may not be sufficient to detect overloading the boom.

Referring to Figure 4, the hydraulic circuit and electronic control
system of the example embodiment are described in greater detail. In the depicted
embodiment the hydraulic circuit includes at least one relief valve 38 in fluid
communication with the hydraulic cylinder. The relief valve 38 allows hydraulic
fluid to flow out of the hydraulic cylinder 22 when the cylinder is actuated and the
pressure in the cylinder exceeds a certain pressure. However, when the hydraulic
cylinder is locked out, the hydraulic cylinder 22 is isolated (cut off from) the relief
valve. As discussed above, lock out is used in the depicted embodiment so that the
position of the boom 16 remains constant during a trenching operation to maintain
constant trench depth. If the hydraulic cylinder 22 was not locked out, the boom 16
would in some applications move up gradually as fluid would escape periodically
through the relief valve. In the depicted embodiment a pressure transducer is
located in fluid communication with the lock out portion of the hydraulic circuit.

In the depicted embodiment, the pressure in the lock out portion is
measured, and the pressure data is sent to a control processor 30 that determines
whether the pressure is high enough to warrant slowing the ground speed of the
trencher 10 and, if so, by how much should the ground speed be slowed. For
example, if the measured pressure is within a predetermined range, the ground speed
may be slowed proportional to the magnitude of the pressure, and if the measured
pressure is high enough, the trencher may be stopped.

Referring to Figures 4 and 5, an example system for controlling the
ground speed of a machine based in part on the measured force applied to the
attachment is shown. In the depicted embodiment a pump 36 drives hydraulic fluid
from a tank 35 past a relief valve 38 through a three position valve 42 and through
either of check valves A or B to the hydraulic cylinder 22. The pressure of the
hydraulic cylinder 22 is measured by a pressure transducer 32, and data that is
representative of the measured pressure is sent to a computer network 30 that

includes a processor. The processor determines whether and how to adjust
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configuration of the ground drive pump 44 to increase or decrease the speed of a
ground drive motor 46, which in turn dictates the ground drive speed of the machine.

In the depicted embodiment the transducer 32 measures the hydraulic
pressure in a portion of the hydraulic circuit that can be locked out from the rest of
the hydraulic circuit. The portion that can be locked out is referred to herein as the
locked out portion. In the depicted configuration the locked out portion includes the
hydraulic cylinder 22 and the hydraulic lines that extend from the hydraulic cylinder
to check valve A and check valve B. The pressure in the locked out portion can be
different than the pressure in other components connected to the pump 36 or tank 35.
In the depicted embodiment the locked out portion of the hydraulic circuit is
selectively in fluid communication with a relief valve 38. However, if the pressure
in the depicted portions of the hydraulic circuit outside of the locked out portion
exceeds a predetermined value (e.g., 2500 psi), the relief valve allows hydraulic
fluid to escape from the circuit to prevent overload.

In the depicted orientation the locked out portion is shown locked out
(isolated from the rest of the circuit including the relief valve 38) thereby preventing
the cylinder 22 from extending or retracting. In the depicted configuration and
orientation of the valve 42, flow from the pump 36 bypasses the cylinder 22 via the
power beyond path 40. When the valve 42 is moved schematically to the left,
hydraulic fluid flows through check valve A and the cylinder 22 extends. When the
valve 42 is moved schematically to the right, the hydraulic fluid flows through check
valve B and the cylinder 22 is retracted. In the depicted embodiment, when the
valve 42 is moved either to the left or right, the locked out portion is in fluid
communication (not isolated) from the rest of the hydraulic circuit including the
relief valve 38.

As discussed above, the data that is representative of the pressure of
the hydraulic cylinder 22 measured by the transducer 32, which is representative of
the load on the boom 16, is sent to the computer network 30 to be processed. In one
embodiment of the present disclosure averages of the data received on a 1/3 second
sliding average (the data measured in any 1/3 of second in time is averaged) is
calculated. The calculated average pressure is compared to a lower and upper

pressure limit (e.g., 1800 psi lower limit and 2300 psi upper limit).
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If the calculated average pressure is lower than the lower pressure
limit, the controller multiplies the value by 1, thereby doing nothing to change the
ground speed (via the ground drive pump 44 or ground drive motor 46). When the
calculated average pressure is between the lower and upper limits, the control signal
output to the pump 44 is multiplied by a number between one and zero, proportional
to the distance between the two limits, with zero being the multiplier at the upper
limit. If the calculated average pressure exceeds the upper limit, the control signal
output to the pump 44 is multiplied by zero which signals the machine to stop.
Accordingly, the flow rate from the pump 44 to the ground drive motor 46, which
dictates the speed of the tracks 14, changes depending on the data measured from the
transducer 32.

It should be appreciated that the above description is simply one of
many examples of embodiments of the present disclosure. For example, the present
disclosure is not limited to trenchers. The present disclosure relates to any machines
having tool attachments that could fail if overloaded, for example, it relates to any
machine having tool attachments with a boom that extends from the machine
wherein the tool attachment could fail if the machine applies too much load to the
boom.

Also, it should be appreciated that there are many alternative ways to
apply the principles of the present disclosure to trenchers. For example, in
alternative embodiments of the present disclosure the orientation of the attachment
relative to the machine can be controlled by hydraulic cylinders that are part of the
machine itself or directly connected to the machine and the attachment, rather than
part of the attachment as shown. In addition, the attachment can be different. For
example, the attachment could be a rock wheel rather than a digger with a chain. In
other alternative embodiments the load on the attachment can be measured using a
strain gauge that is attached to a member that supports the attachment relative to the
machine. For example, the load on a vibratory plow attachment may be measured
via a strain gauge, and the speed of the tractor attached thereto can be adjusted
accordingly. Many other variations in accordance with the present disclosure are
also possible.

The above specification, examples and data provide a complete

description of the manufacture and use of the composition of the invention. Since

7



WO 2010/117372 PCT/US2009/040503

many embodiments of the invention can be made without departing from the spirit

and scope of the invention, the invention resides in the claims hereinafter appended.
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WE CLAIM:
1. A machine comprising:
a chassis;

a trencher attachment connected to the chassis;

a hydraulic cylinder that extends and retracts to adjust the orientation of a
portion of the trencher attachment relative to the chassis;

a transducer configured to measure the pressure of the cylinder; and

a drive control unit that receives the measured pressure and is configured to

adjust a ground drive speed of the machine.

2. The machine of claim 1, wherein the hydraulic cylinder is arranged such that
the flow of hydraulic fluid into and out of the cylinder is limited to less than 5 drops
per minute when the hydraulic cylinder is locked out relative to a relief valve that is

a common hydraulic circuit.

3. The machine of claim 2, wherein the transducer is located within the
hydraulic cylinder.
4. The machine of claim 1, further comprising at least two pairs of drive tracks

connected to the chassis, wherein the drive tracks are driven by hydraulic fluid.

5. The machine of claim 1, wherein the trencher attachment includes a boom

that supports a material reduction tool and the hydraulic cylinder adjusts the

orientation of the boom.

6. The machine of claim 5, wherein the material reduction tool is a chain.

7. The machine of claim 5, wherein the material reduction tool is a rock wheel.
8. The machine of claim 1, wherein the drive control is configured to slow the

ground speed of the trencher based at least in part on the measured pressure in the

cylinder.
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9. The machine of claim 8, wherein the drive control is configured to slow the

ground speed of the trencher independent of an engine speed of the machine.

10.  The machine of claim 4, wherein the drive control is configured to slow the
ground speed of the trencher based at least in part on the measured pressure in the

cylinder independent of a pressure in the hydraulic fluid that drives the drive tracks.

11.  The machine of claim 5, wherein the drive control is configured to slow the
ground speed of the trencher based at least in part on the measured pressure in the
cylinder independent of the pressure of the hydraulic fluid that drives a material

reduction tool.

12. A machine attachment comprising:

a boom configured to support a material reduction device;

a hydraulic cylinder arranged to adjust the orientation of the boom, wherein
the hydraulic cylinder is arranged such that the flow of hydraulic fluid into and out
of the cylinder can be limited to less than 5 drops per minutes; and

a transducer configured to measure the pressure within the cylinder.

13.  The machine attachment of claim 12, wherein the boom is configured to

support a chain.

14.  The machine attachment of claim 12, wherein the transducer is located in

hydraulic fluid that is at the same pressure of fluid in the hydraulic cylinder.

15.  The machine attachment of claim 12, wherein the transducer is operably

connected to a drive contro!l unit,

16. A method of protecting an attachment comprising:
monitoring the load applied to an attachment by a machine due to the motion
of the machine; and

automatically decreasing the drive speed of the machine based on the load.

10
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17.  The method of claim 16, wherein monitoring the load includes monitoring
the pressure in a hydraulic cylinder, wherein the cylinder is arranged to adjust the

orientation of the attachment.

18.  The method of claim 16, wherein monitoring the load includes monitoring

the strain on a support element of the attachment.

19. The method of claim 17, wherein the step of changing the drive speed
includes automatically stopping drive when the pressure in the hydraulic cylinder

exceeds a predetermined value.

20.  The method of claim 17, wherein the predetermined value corresponds to the

physical characteristics of the attachment.
21.  The method of claim 17, wherein the predetermined value is independent of
the physical characteristics of a trencher that the trencher attachment is configured to

be mounted thereto.

22.  The method of claim 17, wherein the magnitude of the speed is decreased
based on the magnitude of the pressure.

11
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