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ABSTRACT

Load centering devices and methods for a material handling vehicle are provided. In
particular, load centering devices and methods are provided that enable a load to be centered
with respect to load carrying forks on a material handling vehicle when the load is raised and/or

lowered by the forks.
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LOAD CENTERING DEVICES AND METHODS FOR A MATERIAL
HANDLING VEHICLE

CROSS-REFERENCES TO RELATED APPLICATIONS

[0001]  The present application is based on, claims priority to United States Provisional
Patent Application No. 62/144,565, filed April 8, 2015, and entitled "Load Centering Devices
and Methods for a Material Handling Vehicle."

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH

[0002] Not Applicable.

BACKGROUND

[0003] The present invention relates to material handling vehicles. More particularly, the
invention relates to load centering devices and methods for a material handling vehicle.

[0004]  Material handling vehicles are commonly found in warehouses, factories, shipping
yards, and, generally, wherever pallets, large packages, or loads of goods are required to be
transported from place to place. Material handling vehicles typically include load bearing forks
for lifting packages or pallets for transporting, an electric drive motor for propelling the truck, a
steering control mechanism, and a brake.

[0005] To improve productivity and reduce certain costs, material handling vehicles have
been designed to include sensing features that allow them to be an automatic guided vehicle
(AGV). An AGV may be programmed to store travel routes and include a control system which
is integrated with the drive, steering, and braking systems for the vehicle. Among other reasons,
sensing or locating features may be included in an AGV to detect the presence of an object to be
lifted, as well as its position and orientation.

[0006] When a material handling vehicle transporting a load or object is in motion, an
operator can monitor the position of the load to avoid obstacles or other objects. In AGV
applications, however, an unknown position of the load requires an extended width of an object
detection field to include the maximum amount the load could shift to either side of the center of
the forks. Devices are available which clamp the end of a pallet closest to the operator, providing
a known position of the pallet on the clamped end. These devices are manually actuated by the
operator and secure the pallet on one end.
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[0007] An AGV's object detection system must stop the vehicle before contact with an
object. As a result, the object detection field must be wide enough to cover the vehicle and the
load. Most AGVs do not change their trajectory to compensate for inexactly placed loads,
however. In another situation, AGVs are used in a semi-autonomous mode where an operator
performs the loading operation, and then the vehicle can perform a given task. In both cases, the
vehicle does not qualify how well the pallet is loaded or its location on the forks.

[0008] From a perfectly centered position, typical pallets can shift about 4 inches to either
side and still be successfully loaded. This uncertainty of knowing where the load sits on the forks
results in the object detection field being wider than it needs to be. This increases the frequency
of nuisance stops, or false alarms, and in other cases the additional object detection field width
may prevent the vehicle from operating in potential applications. Traditional pallet clamps that
only fix the pallet's location at one end do not solve the problem of securing the pallet in a
known location because the far end of the pallet is free to shift laterally in a skewed fashion.
[0009] Additionally, automated systems can only accommodate variability within a specified
tolerance. When one automated system interfaces with another, each has the potential to add a
small amount of variability to the operation. This is added on top of any variability the system
was passed from an upstream process. These tolerances accumulate (tolerance stacking) and can
cause out-of-specification placement at a pickup and drop off station.

[0010] Therefore, it is an object of the invention to provide an industrial material handling

vehicle that overcomes the aforementioned problems,

SUMMARY OF THE INVENTION

[0011] The present invention provides devices and methods for a material handling vehicle
that allow for sensing or manipulation of the position of a load such that the material handling
vehicle can avoid obstacles and other objects, and more accurately load and unload pallets.

[0012] In one aspect, the present invention provides a method for centering a load on a
material handling vehicle. The material handling vehicle includes a pair of forks configured to
receive the load and a pair of arms each moveably coupled to one of the pair of forks. The pair
of arms are each configured to actuate with respect to the pair of forks. The method includes
positioning the material handling vehicle adjacent to the load such that the pair of forks are

positioned within the load, and instructing the material handling vehicle to raise the pair of forks.
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The method further includes upon the instructing the material handling vehicle to raise the pair
of forks, actuating the pair of arms to engage the load thereby centering the load with respect to
the pair of forks.

[0013] In some aspects, actuating the pair of arms to engage the load includes providing
pressurized fluid to a lift actuator to actuate a lift piston within a lift cylinder and, upon actuation
of the lift piston, mechanically actuating a load centering fixture coupled to the pair of arms and
the lift piston.

[0014] In some aspects, actuating the pair of arms to engage the load includes providing
pressurized fluid to both a lift actuator and a load centering actuator and, upon pressurized fluid
entering the lift actuator and the load centering actuator, actuating a load centering piston of the
load centering actuator coupled to the pair of arms.

[0015] In some aspects, the method further includes once the pair of arms center the load,
controlling a contact force provided by the pair of arms engaging the load.

[0016] In some aspects, controlling the contact force provided by the pair of arms engaging
the load includes providing a compliance spring through which a load centering fixture coupled
to the pair of arms is actuated.

[0017] In some aspects, controlling the contact force provided by the pair of arms engaging
the load includes sensing the contact force provided by the pair of arms engaging the load, and
limiting the sensed contact force to be less than a contact force limit, when the pair of arms
engage the load.

[0018] In some aspects, the method further includes instructing the material handling vehicle
to lower the pair of forks and, upon instructing the material handling vehicle to lower the pair of
forks, actuating the pair of arms to disengage the load.

10019] In some aspects, actuating the pair of arms to disengage the load includes inhibiting
pressurized fluid from flowing to a lift actuator, opening a control valve to provide fluid
communication between the lift actuator and a tank and, upon fluid communication being
provided between the lift actuator and the tank, actuating a lift piston of the lift actuator coupled
to the pair of arms.

[0020] In some aspects, actuating the pair of arms to disengage the load includes inhibiting
pressurized fluid from flowing to a lift actuator and a load centering actuator, opening a control

valve to provide fluid communication between the lift actuator and the load centering actuator
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and a tank and, upon fluid communication being provided between the load centering actuator
and the tank, actuating a load centering piston of the load centering actuator coupled to the pair
of arms.

[0021] In another aspect, the present invention provides a material handling vehicle
including a body, a fork carriage coupled to the body and including a pair of forks configured to
carry a load, and a pair of arms each moveably coupled to one of the pair of forks. The pair of
arms are each configured to actuate with respect to the pair of forks. The material handling
vehicle further includes a hydraulic circuit including a lift actuator coupled to the pair of forks.
Actuation of the lift actuator in a first direction raises the pair of forks and actuation of the lift
actuator in a second direction lowers the pair of forks. When the pair of forks are raised by the
lift actuator, the pair of arms actuate to engage the load carried by the pair of forks to center the
load with respect to the pair of forks.

[0022] In some aspects, when the pair of forks are lowered by the lift actuator, the pair of
arms actuate to disengage the load carried by the pair of forks.

[0023] In some aspects, the lift actuator includes a lift piston coupled to a load centering
fixture and the load centering fixture is coupled to the pair of arms.

[0024] In some aspects, the load centering fixture extends through a compliance spring to
compensate for a size of the Joad.

[0025] In some aspects, the material handling vehicle further includes a load actuator
arranged in parallel with the lift actuator.

[0026] In some aspects, the load centering actuator includes a load centering piston slidably
received within a load centering cylinder and coupled to the pair of arms.

[0027] In some aspects, the load centeirng cylinder includes a return spring arranged therein
to retract the load centering piston.

[0028] In some aspects, the material handling vehicle further includes a control valve
arranged between the load centering actuator and a tank to selectively provide fluid
communication between the lift actuator and the load centering actuator and the tank.

[0029] In some aspects, the material handling vehicle further includes a relief valve arranged
between a fluid source and a tank to maintain a pressure provided by the fluid source below a

fluid source pressure limit when the pair of arms engage the load.
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[0030] In some aspects, the material handling vehicle further includes at least one force
gauge to measure a contact force provided by the pair of arms when the pair of arms engage the
load.

[0030a] According to one aspect of the present invention, there is provided a method for
centering a load on a material handling vehicle, the material handling vehicle including a pair of
forks configured to receive the load and a pair of arms each moveably coupled to one of the pair of
forks, the pair of arms are each configured to actuate with respect to the pair of forks, the method
comprising: directly connecting a load centering hydraulic actuator of the material handling vehicle
to the pair of arms, wherein the load centering hydraulic actuator is arranged in parallel with a lift
hydraulic actuator; positioning the material handling vehicle adjacent to the load such that the pair
of forks are positioned within the load; supplying fluid to the load centering hydraulic actuator and
the lift hydraulic actuator, thereby raising the pair of forks, and actuating, via the load centering
hydraulic actuator, the pair of arms to engage the load, thereby centering the load with respect to the
pair of forks; instructing the material handling vehicle to lower the pair of forks; upon instructing
the material handling vehicle to lower the pair of forks, actuating the pair of arms to disengage the
load; and wherein actuating the pair of arms to disengage the load comprises inhibiting pressurized
fluid from flowing into the lift hydraulic actuator and the load centering hydraulic actuator, opening
a control valve to provide fluid communication between the lift hydraulic actuator and the load
centering hydraulic actuator and a tank, and upon fluid communication being provided between the
load centering hydraulic actuator and the tank, actuating a load centering piston of the load centering
hydraulic actuator coupled to the pair of arms.

[0030Db] According to another aspect of the present invention, there is provided a material
handling vehicle comprising: a body; a fork carriage coupled to the body and including a pair of
forks configured to carry a load; a pair of arms each moveably coupled to one of the pair of forks,
wherein the pair of arms are each configured to actuate with respect to the pair of forks; a hydraulic
circuit including a load centering hydraulic actuator directly connected to the pair of arms and a lift
hydraulic actuator arranged in parallel with the load centering hydraulic actuator, wherein the
hydraulic circuit is configured to selectively supply fluid to the load centering hydraulic actuator and
the lift hydraulic actuator to raise the pair of forks in a first direction and to actuate the pair of arms

to engage the load carried by the pair of forks to center the load with respect to the pair of forks; and
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wherein the load centering hydraulic actuator includes a load centering piston slidably received
within a load centering cylinder and coupled to the pair of arms.

[0031] The foregoing and other aspects and advantages of the invention will appear from
the following description. In the description, reference is made to the accompanying drawings
which form a part hereof, and in which there is shown by way of illustration embodiments of the
invention. Such embodiments do not necessarily represent the full scope of the invention,
however, and reference is made therefore to the claims and herein for interpreting the scope of

the invention

DESCRIPTION OF DRAWINGS
[0032] The invention will be better understood and features, aspects and advantages other
than those set forth above will become apparent when consideration is given to the following

detailed description thereof. Such detailed description makes reference to the following

drawings
[0033] Fig. 1 is a perspective view of a material handling vehicle according to one aspect of
the present invention.

[0034] Fig. 2 is a side view of the material handling vehicle of Fig. 1.

[0035] Fig. 3 is a schematic of an example of a pallet usable with the invention.

[0036] Fig. 4A is a schematic of an example initial position of a loaded pallet where the
loaded pallet is centered.

[0037] Fig. 4B is a schematic of an example initial position of a loaded pallet where the
loaded pallet is offset to the left.

[0038] Fig. 4C is a schematic of an example initial position of a loaded pallet where the
loaded pallet is offset to the right.

[0039] Fig. 5A is schematic of a load centering device utilizing a pair of arms according to
one aspect of the present invention.

[0040] Fig. 5B is a schematic of a load centering device utilizing a pair of arms according to
another aspect of the present invention.

[0041] Fig. 5C is a schematic of a load centering device utilizing a pair of hinged arms

according to one aspect of the present invention.
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[0042] Fig. 6A is a schematic of a load centering device utilizing a pair of moveable arm
mechanisms according to one aspect of the present invention.

[0043] Fig. 6B is a schematic of a load centering device utilizing a pair of moveable arm
mechanisms according to another aspect of the present invention.

[0044] Fig. 7A is schematic of a hydraulic circuit for coupling to a load centering device
according to one aspect of the present invention.

[0045] Fig. 7B is a schematic of a hydraulic circuit for coupling to a load centering device
according to another aspect of the present invention.

[0046] Fig. 8A is a schematic of a load centering device utilizing moveable forks with the
moveable forks in a first position according to one aspect of the present invention.

[0047] Fig. 8B is a schematic of the load centering device of Fig. 8A with the moveable
forks in a second position.

[0048] Fig. 8C is a schematic of the load centering device of Fig. 8A with the moveable
forks in the first position and a load centered.

[0049] Fig. 9 is a schematic of a load centering device utilizing passive sensing according to

one embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0050] Referring to Figs. 1 and 2, a material handling vehicle 10 embodying an aspect of the
invention is shown. The material handling vehicle 10 can include a body 12, a fork carriage 14
with at least one load bearing fork 16, a motor compartment 18 housing a motor (not shown), a
battery compartment 20 for housing a battery (not shown), and an operator compartment 21. The
material handling vehicle 10 can also include a steering mechanism 22. The steering mechanism
22 can be coupled to the body 12 of the vehicle through connection to a horizontal arm weldment
23 and a stalk 25. The steering mechanism 22 can include a steering handle 26 and a throttle
control 24. Manipulation of the throttle control 24 can send a signal to control the throttle of the
material handling vehicle 10. The steering mechanism 22 can be coupled to a steerable drive
wheel 28 that can include a steering axis 30.

[0051] The material handling vehicle 10 may also include one or more locating apparatuses
40 that allow the vehicle 10 to be an automatic guided vehicle (AGV). For example, specific

types of locating apparatuses 40 include, but are not limited to, cameras, geographic positioning
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systems (GPS), rotating laser scanners, and motion sensors. The locating apparatus 40 provides
sensing and/or navigation capabilities to automatically guide the material handling vehicle 10,
however, the fact that a material handling vehicle 10 has one or more such locating apparatuses
40 does not necessarily make the vehicle 10 an AGV. For example, a material handling vehicle
10 may include a GPS such that the location of that vehicle 10 is known and recorded as part of a
fleet management system. The locating apparatus 40 can define a locating axis 42 that may
serve as a datum or reference for various calculations that may be necessary for computing the
sensing features of the locating apparatus 40 and for carrying out corresponding actions of the
material handling vehicle 10. As illustrated in Fig. 2, the locating axis 42 need not be centered
with respect to the locating apparatus 40. The locating axis 42 can be aligned with and/or
defined by a central axis of a piece of equipment of the locating apparatus 40, such as a camera.
[0052] In some embodiments, the load bearing forks 16 are configured to move a load 100,
for example, a pallet. Generally, as can be seen in Fig. 3, the load 100 can be made up of an
upper deck 150, a lower deck 152, first and second lateral stringers 154 and 155, and center
stringer 156. Both lateral stringers 154 and the center stringer 156 can be configured to connect
the upper deck 150 and lower deck 152. The upper deck 150 can be made up of a plurality of
longitudinally extending spaced apart members 158 each coupled to the first and second lateral
stringers 154 and 155 and the center stringer 156. The lower deck 152 can be made up of a
plurality of longitudinally extending spaced apart members 166 each coupled to an opposing side
of the first and second lateral stringers 154 and 155 and the center stringer 156. The load 100
can define a center axis 162 defined along the center stringer 156.

[0053] In operation, the material handling vehicle 10 can be maneuvered manually, remotely,
and/or autonomously, to travel to the load 100. Once the material handling vehicle 10 reaches
the load 100, the material handling vehicle 10 can position one of the forks 16 between the center
stringer 156 and the first lateral stringer 154 and the other of the forks 16 between the center
stringer 156 and the second lateral stringer 155. The material handling vehicle 10 can then lift
and transport the load 100, as desired. During this operation, due to a clearance between the
forks 16 and the space between the central stringer 156 and the first and second lateral stringers
154 and 155, the load 100 can be in one of a plurality of positions on the forks 16. For example,
the load 100 may be generally centered with respect to the forks 16, as shown in Fig. 4A. That

is, the center axis 162 can be equidistant from an inner surface of the forks 16. In some non-
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limiting examples, when the load 100 may be generally centered, the center axis 162 of the load
100 can be aligned with and/or intersect the locating axis 42. In other non-limiting examples, as
shown in Figs. 4B and 4C, the load 100 may be shifted either left (Fig. 4B) or right (Fig. 4C)
with respect to the forks 16.

[0054] When the load 100 is shifted to the left or right, the material handling vehicle 10 may
require an increased object detection field 200 in the direction of the shift can be noticed.
Additionally or alternatively, when the load 100 is shifted to the right or left, the material
handling vehicle 10 may not be able to take a desired travel path, as the travel path may be
designed with tolerances that closely accommodate a material handling vehicle 10 with a
centered load. It would therefore be desirable to have a material handling vehicle with a device
that can center the load 100 with respect to the forks 16 and thereby enable the material handling
vehicle 10 to know the position of the load 100 during loading events.

[0055] In one non-limiting example, the material handling vehicle 10 can include a load
centering device 300 configured to manipulate the load 100 such that the load 100 is centered
with relation to the forks 16. As can be seen in Fig. 5A, the load centering device 300 can
include a pair of arms 302 each coupled to an inner surface 304 the forks 16. The arms 302 are
configured to clamp the center stringer 156 of the load 100 thereby creating a contact force
between the arms 302 and center stringer 156. The contact force causes the load 100 to be
centered with respect to the forks 16 and enables the material handling vehicle 10 to know the
position of the load 100.

[0056] The arms 302 can each include at least one coupling member 306 and a contacting
member 308 configured to contact the center stringer 156 of the load 100. In one non-limiting
example, an aperture (not shown) on the inner surfaces 304 of each in the forks 16 can be
configured to receive the coupling members 306. In this non-limiting example, when the
material handling vehicle 10 is not in use or is in motion without the load 100, the coupling
members 306 can be drawn into the aperture such that the contacting members 308 can be in
contact with the inner surfaces 304 of the forks 16. When the material handling vehicle 10 is
receiving a load 100, a piston-like actuation can force the coupling members 306 out of the
aperture such that the contacting members 308 place a contacting force on the center stringer

156.
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[0057] In another non-limiting example, the pair of arms 302 of the load centering device
300 can each be coupled to an outer surface 310 of the forks 16, as shown in Fig. 5B. In this
non-limiting example, the arms 302 can be configured to provide a contact force on the first and
second lateral stringers 154 and 156 of the load 100. The contact force provided by the arms 302
can cause the load 100 to be centered with respect to the forks 16 and enables the material
handling vehicle 10 to know the position of the load 100.

[0058) In yet another non-limiting example, the arms 302 of the load centering device 300
can be coupled to the forks 16 via one or more hinges 312. As shown in Fig. 5C, a first wing
314 of the hinges 312 can be coupled to the arms 302 and a second wing 316 of the hinges 312
can be coupled to the forks 16. In this non-limiting example, the arms 302 can be rotatable about
the hinges 312 in response to an actuating force. The actuating force can be provided to the arms
302, for example, when the material handling vehicle 10 is about to receive the load 100. It
should be appreciated that although the illustrated hinges 312 are coupled to the forks 16 to
enable the arms 302 to contact the center stringer 156 of the load 100, in other non-limiting
examples, the hinges 312 may be coupled to the forks 16 to enable to arms 302 to contact the
first and second lateral stringers 154 and 155 of the load 100.

[0059] Turning to Figs. 6A and 6B, in other non-limiting examples, the arms 302 of the Joad
centering device 300 may be coupled to the forks 16 by at least one coupling linkage 320. Each
of the coupling linkages 320 can includes one or more hinges 322 to enable the coupling linkages
320 to moveably couple the arms to the forks 16. The arms 302 can be coupled to an input
linkage 324 having an input member 326. An input force applied to the input member 326 in a
desired direction can actuate the arms 302 to either contact and center the load 100 or to release
the load 100. In the non-limiting example of Fig. 6A, the coupling linkages 320 can moveably
couple the arms 302 to the inner surface 304 of the forks 16 to enable the arms 302 to clamp on
the center stringer 156 and center the load 100. In the non-limiting example of Fig. 6B, the
coupling linkages 320 can moveably couple the arms 302 to the outer surface 310 of the forks 16
to enable the arms 302 to contact the first and second lateral stringers 154 and 155 and center the
load 100.

[0060] In any of the non-limiting examples of Figs. 5A-6B, described above, the arms 302
may be selectively moveable to engage, or contact, the load 100 during centering and

subsequently disengage the load 100. In some non-limiting example, the selective actuation of
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the arms 302 to center the load 100 may be coupled to the action of raising or lowering the forks
16. In one non-limiting example, such selective actuation of the arms 302 can be achieved by
coupling the arms 302 to a hydraulic system of the material handling vehicle 10. The hydraulic
system of the material handling vehicle 10 can provide the motive force to lift and lower the
forks 16 and the load centering device 300 can harness a portion of this force to selectively
actuate the arms 302 and couple this actuation with the raising and/or lowering of the forks 16.
[0061] Fig. 7A shows one non-limiting example of a hydraulic circuit 400 of the material
handling vehicle 10 configured to couple to the load centering device 300 for selective centering
of the load 100. The hydraulic circuit 400 can include a pump 402 configured to draw hydraulic
fluid (e.g., oil) from a tank 404 and furnish the hydraulic fluid under increased pressure at a
pump outlet 406. A check valve 408 is arranged downstream of the pump 402 and can be
configured to only allow fluid to flow from the pump outlet 406 to either a lift actuator 410 or a
load centering actuator 412. The illustrated lift actuator 410 and load centering actuator 412 can
be arranged in parallel and can both be in the form of a piston cylinder. Additionally, the load
centering actuator 412 can be a spring return piston cylinder where a return spring 414 arranged
with a load centering cylinder 416 can provide a restorative force. This restorative force can
cause a load centering piston 418, slidably received within the load centering cylinder 416, to
return to an original position (shown in Fig. 7A) once a control valve 420 is opened (i.e., the
control valve 420 enables fluid to flow from the load centering actuator 412 to the tank 404).
The control valve 420 can be arranged downstream of both of the lift actuator 410 and the load
centering actuator 412, and can be selectively opened and closed, for example, by an electronic
control unit (ECU) (not shown) of the material handling vehicle 10. A relief valve 422 can be
arranged to provide fluid communication between a location between the pump outlet 406 and
the check valve 408 and the tank 404. The relief valve 422 can be configured to relieve excess
pressure once the pressure at the pump outlet 406 exceeds a predetermined pressure. Similar to
the load centering actuator 412, the lift actuator 410 can include a lift piston 424 slidably
received within a lift cylinder 426.

[0062] In operation, the material handling vehicle 10 can be positioned such that the forks 16
engage the load 100 (i.e., one fork can be arranged between the first lateral stringer 154 and the
center stringer 156 and another fork can be arranged between the second lateral stringer 155 and

the center stringer 156). The material handling vehicle 10 can then lift the load 100 by raising
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the forks 16 for transporting the load. To raise the forks 16, the ECU on the material handling
vehicle 10 can instruct the pump 402 to supply hydraulic fluid from the tank 404 through the
check valve 408 to both the lift actuator 410 and the load centering actuator 412. Pressure from
the hydraulic fluid, generated by the pump 402, can force both the load centering piston 418 and
the lift piston 424 to extend from their respective cylinders 416 and 426. The extension of the
lift piston 424 can cause the forks 16 to raise (i.e., displace in a direction away from the ground
the material handling vehicle 10 is traveling on). The substantially simultaneous extension of the
load centering piston 418 can provide a force on the arms 302 in a desired direction to either
clamp the arms 302 onto the center stringer 156 of the load 100 or contact the first and second
lateral stringer 154 and 155 to center the load with respect to the forks 16. In the non-limiting
examples of Figs. 6A and 6B, the load centering actuator 412 can be coupled to the input
member 326. In this non-limiting example, actuation of the load centering piston 418 can cause
the input member 326 to force the arms 302 to actuate in a desired direction, via the coupling
linkages 320 and input linkages 324, to center the load 100 on the forks 16.

[0063] Once the load 100 has been engaged and centered by the arms 100, the material
handling vehicle 10 can know a location of the load 100 with respect to the locating axis 42 and,
therefore, can more efficiently travel when transporting the load 100. That is, the frequency of
the object detection field width preventing the material handling vehicle 10 from operating in
potential applications may be reduced. Additionally, once the load 100 is engaged and centered
by the arms 302, excess pressure above a predetermined level, generated by the pump 402, can
be bled to the tank 404 through the relief valve 422.

[0064] Once the material handling vehicle 10 reaches a desired location to deposit the load
100, since the load 100 is centered, the material handling vehicle 100 can better position the load
100, for example, on a rack. To deposit the load 100, the ECU on the material handling vehicle
10 can instruct the pump 402 to cease suppling pressurized fluid to the lift actuator 410 and the
load centering actuator 412. The check valve 408 can prevent fluid flow from either of the lift
actuator 410 and the load centering actuator 412 to the pump 404 or the relief valve 422. Thus,
the pressurized fluid will remain in the lift cylinder 426 and the load centering cylinder 416 until
the contro! valve 420 is opened thereby provided a fluid path between the lift actuator 410 and
the load centering actuator 412 and the tank 404. The ECU can selectively instruct the control
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valve 420 to open to enable pressurized fluid to flow from the lift cylinder 426 and the load
centering cylinder 416 to the tank 404.

[0065] A weight provided by the load 100 on the forks 16 and a weight of the forks 16
themselves can force the fluid out of the lift cylinder 426 through the check valve 420 and to the
tank 404. When this occurs, the lift piston 424 can retract back into the lift cylinder 426 thereby
lowering the forks 16. Substantially simultaneously, the return spring 414 within the load
centering cylinder 416 can retract the load centering piston 418 into the load centering cylinder
416 and force the fluid within the load centering cylinder 416 through the control valve 420 and
to the tank 404. The retraction of the load centering piston 418 can actuate the arms 302 such
that the arms 302 disengage the load 100 and enable the material handling vehicle 10 to deposit
the load 100 at the desired location. Once the load 100 is disengaged, a clearance between the
forks 16 and the center stringer 156 of the load can be maximized and the material handling
vehicle 10 can effectively deposit the load 100 and continue on to perform another desired task.
[0066] Fig. 7B shows another non-limiting example of a hydraulic circuit 500 of the material
handling vehicle 10 configured to couple to the load centering device 300 for selective centering
of the load 100. The hydraulic circuit 500 can be similar to the hydraulic circuit 400, with like
features identified using similar reference numerals, except as described below or apparent from
Fig. 7B. As shown in Fig. 7B, the hydraulic circuit 500 does not include the load centering
actuator 412 but instead includes a load centering fixture 502 and pull rods 504 each
mechanically coupled to the lift piston 424. The load centering fixture 502 can be coupled to the
arms 302 for actuating the arms 302 in a desired direction to center the load 100. The load
centering fixture 502 can be coupled to a compliance spring 506.

[0067] In operation, when the material handling vehicle 10 is instructed to raise the forks 16,
pressurized fluid can be supplied to the lift actuator 410 causing the lift piston 424 to extend
from the lift cylinder 426. As the lift piston 424 is actuated, the pull rods 504 can be actuated
thereby raising the forks 16. Substantially simultaneously, the load centering fixture 502 can be
actuated through the compliance spring 506 thereby actuating the arms 302 in a desired direction
to engage and center the load 100. The actuation of the load centering fixture 502 through the
compliance spring 506 allows for varying width center stringers to be clamped without arresting
motion of the pull rods 504. In the non-limiting examples of Figs. 6A and 6B, the load centering

fixture 502 can be coupled to the input member 326. In this non-limiting example, actuation of
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the load centering fixture 502 can cause the input member 326 to force the arms 302 to actuate in
a desired direction, via the coupling linkages 320 and input linkages 324, to center the load 100
on the forks 16.

[0068] In other non-limiting examples, a separate system can be added to the material
handling vehicle 10 to power the load centering device 300, for example, an electric motor, a
separate hydraulic system, and the like.

[0069] In each of the non-limiting examples for coupling the load centering device 300 to the
material handling vehicle 10 for selective centering of the load 100, provisions can be made to
control the movement of the arms 302 to allow adequate force to be applied to the load 100 while
allowing for loads of varying stringer widths. As described above in the non-limiting example of
Fig. 7B, the compliance spring 506 can be used to allow for some compliance between the
motive force provided by the lift piston 424 and the arm 302. In other non-limiting examples, at
least one force gauge can be added to the arms 302 to measure an engaging force applied to the
load 100. In these non-limiting examples, logic can be added to the ECU to limit the engaging
force and/or stop motion of the arms 302 when an engaging force limit is reached or force
readings from both opposing arms 302 can be equal.

[0070] Figs. 8A-8C show another non-limiting example of a load centering device 600
configured to selectively center the load 100 with respect to the forks 16. The load centering
device 600 can be configured to move the forks 16 with respect to the load 100. As shown in
Fig. 8A, the forks 16 can be placed within the load 100 at an initial width, 602, with the forks 16
placed between the respective lateral stringers 154 and 155 and center stringer 156. Following
the initial placement of the forks 16, the load 100 can be lifted such that the forks 16 place a
contacting force on the upper deck of the load 100. The forks 16 can then be actuated such that
the forks 16 move laterally inward to clamp the center stringer 156, as shown in Fig. 8B. It can
also be possible for the forks 16 to move laterally outward until the forks 16 contact the first and
second lateral stringers 154 and 155. Through this movement of the forks 16, the load 100 can
become centered with respect the forks 16 and the material handling vehicle 10 can know a
position of the load 100.

[0071] After centering the load, the load 100 can be returned to its resting position such that
the contact force between the forks 16 and the upper deck is removed. The load centering device

600 can again be actuated to return the forks 16 to their original width, 602, as can be seen in
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Fig. 8C. By repositioning the forks 16, the load 100 can be adjusted to display a centered
position with respect to the material handling vehicle 10.

[0072] Fig. 9 shows another non-limiting example of the material handling vehicle 10, where
the material handling vehicle 10 may not be configured to selectively center the load 100 but,
instead, be configured to detect a position of the load 100 with respect to the material handling
vehicle 10 and adjust an object detection field accordingly. As shown in Fig. 9, the material
handling vehicle 10 can include one or more sensors 700 arranged at a suitable location on the
material handling vehicle 10 such that an object detection field 702 can be defined. The sensors
702 can each have a detection range 704, which can allow each sensor 702 to measure a position
of a load 100 carried by the material handling vehicle 10. The position of the load 100 measured
by the sensors 702 can then be communicated to a control unit of the material handling vehicle
10 and the object detection field 702 can be adjusted to accommodate the exact position of the
load 100.

[0073] The detecting of the load 100 position by the sensors 702 can be achieved by utilizing
mechanical sensors configured to contact the load 100, or by utilizing non-contact sensors such
as laser, vision, ultrasonic, or the like. In the illustrated example of Fig. 9, , the position of the
first and second lateral stringers 154 and 155 can be measured, and the load 100 may have a
known offset to the right. The object detection field 702 can then be extended on the right only to
compensate for the lateral shift. In an alternative non-limiting example, if the material handling
vehicle 10 is equipped with side shifting forks (not shown), the load 100 may be side shifted to
center the load 100 relative to the vehicle's travel path. If the material handling vehicle 10 is not
equipped with side shifting forks, the material handling vehicle 10 may adjust its travel path to
center the load 100 and prevent the creation of obstacle zones.

[0074] Within this specification embodiments have been described in a way which enables a
clear and concise specification to be written, but it is intended and will be appreciated that
embodiments may be variously combined or separated without parting from the invention. For
example, it will be appreciated that all features described herein are applicable to all aspects of
the invention described herein.

[0075] Thus, while the invention has been described in connection with particular
embodiments and examples, the invention is not necessarily so limited, and that numerous other

embodiments, examples, uses, modifications and departures from the embodiments, examples
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and uses are intended to be encompassed by the claims attached hereto.

[0076] Various features and advantages of the invention are set forth in the following claims.
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CLAIMS:

1. A method for centering a load on a material handling vehicle, the material handling vehicle
including a pair of forks configured to receive the load and a pair of arms each moveably coupled to
one of the pair of forks, the pair of arms are each configured to actuate with respect to the pair of
forks, the method comprising:

directly connecting a load centering hydraulic actuator of the material handling vehicle to the
pair of arms, wherein the load centering hydraulic actuator is arranged in parallel with a lift hydraulic
actuator;

positioning the material handling vehicle adjacent to the load such that the pair of forks are
positioned within the load,

supplying fluid to the load centering hydraulic actuator and the lift hydraulic actuator, thereby
raising the pair of forks, and

actuating, via the load centering hydraulic actuator, the pair of arms to engage the load, thereby
centering the load with respect to the pair of forks;

instructing the material handling vehicle to lower the pair of forks;

upon instructing the material handling vehicle to lower the pair of forks, actuating the pair of
arms to disengage the load; and

wherein actuating the pair of arms to disengage the load comprises inhibiting pressurized fluid
from flowing into the lift hydraulic actuator and the load centering hydraulic actuator,

opening a control valve to provide fluid communication between the lift hydraulic actuator
and the load centering hydraulic actuator and a tank, and

upon fluid communication being provided between the load centering hydraulic actuator and
the tank, actuating a load centering piston of the load centering hydraulic actuator coupled to the pair

of arms.

2. The method of claim 1, further comprising:
once the pair of arms center the load, controlling a contact force provided by the pair of arms

engaging the load.
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3. The method of claim 2, wherein controlling the contact force provided by the pair of arms
engaging the load comprises:

sensing the contact force provided by the pair of arms engaging the load; and

limiting the sensed contact force to be less than a contact force limit, when the pair of arms

engage the load.

4. The method of claim 1, wherein actuating the load centering piston of the load centering
hydraulic actuator coupled to the pair of arms comprises:
biasing the load centering piston with a spring arranged within a load centering cylinder of the

load centering hydraulic actuator.

5. A material handling vehicle comprising:

a body;

a fork carriage coupled to the body and including a pair of forks configured to carry a load;

a pair of arms each moveably coupled to one of the pair of forks, wherein the pair of arms are
each configured to actuate with respect to the pair of forks;

a hydraulic circuit including a load centering hydraulic actuator directly connected to the pair
of arms and a lift hydraulic actuator arranged in parallel with the load centering hydraulic actuator,
wherein the hydraulic circuit is configured to selectively supply fluid to the load centering hydraulic
actuator and the lift hydraulic actuator to raise the pair of forks in a first direction and

to actuate the pair of arms to engage the load carried by the pair of forks to center the load
with respect to the pair of forks; and

wherein the load centering hydraulic actuator includes aload centering piston slidably received

within a load centering cylinder and coupled to the pair of arms.

6. The material handling vehicle of claim 5, wherein when the pair of forks are actuated in a
second direction from a raised position, the pair of arms actuate to disengage the load carried by the

pair of forks.

7. The material handling vehicle of claim 5, wherein the load centering cylinder includes a

return spring arranged therein to retract the load centering piston.
-17 -
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8. The material handling vehicle of claim 5, further comprising a control valve arranged
between the load centering hydraulic actuator and a tank to selectively provide fluid communication

between the lift hydraulic actuator and the load centering hydraulic actuator and the tank.
9. The material handling vehicle of claim 5, further comprising a relief valve arranged between
a fluid source and a tank to maintain a pressure provided from the fluid source below a fluid source

pressure limit when the pair of arms engage the load.

10. The material handling vehicle of claim 5, further comprising at least one force gauge to

measure a contact force provided by the pair of arms when the pair of arms engage the load.
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