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(54) WORKING MACHINE

(57) A working machine comprising a support, and a
material handling assembly movable relative thereto, the
material handling assembly comprising: a working arm
pivotally mounted to the support at a first pivot, and
configured to be pivotally mounted to a material handling
implement at a second pivot; and a pivoting mechanism
configured to be pivotally mounted to the implement at a
third pivot, and comprising: aZ bar link; a chassis link; and
a first actuator operable to extend and retract. The Z bar
link is pivotally mounted to the working arm at a fourth
pivot. The chassis link is pivotally mounted to the Z bar
link at a fifth pivot. The chassis link is pivotally mounted to
the support at a sixth pivot. The first actuator is pivotally
mounted to the Z bar link at a seventh pivot. The fourth
pivot is interposed between the fifth and seventh pivots.
The pivoting mechanism is configured to pivot the imple-
ment relative to the working arm about the second pivot
via pivoting of the working arm relative to the support
about the first pivot, and via operation of the first actuator.
The pivoting mechanism is interposed between opposing
lateral ends of the working arm.
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Description
FIELD
[0001] The present teachings relate to a working machine.
BACKGROUND

[0002] Loaders, suchaswheelloaders, are working machines having a material handlingimplement such as a shovel or
bucket. The shovel is typically mounted on a linkage mechanism connected to a chassis or other part of the machine. The
linkage mechanism is operable by hydraulic rams to lift and lower the shovel, as well as "dumping" (i.e. tipping the shovel
forwards such that loose material contained therein falls out), and "crowding" (i.e. tipping the shovel backwards so that
loose material can be held within the shovel) the shovel. Typically, the shovel will be crowded as the machine is being driven
into a pile of loose material to be moved. The combination of driving the machine into the pile whilst simultaneously
crowding the shovel causes the shovel to fill with material. Once this step has been completed, the shovel will be fully
crowded, full of material, and close to the ground. It is often necessary to load the loose material into a container (e.g. a
hopper or a truck body), and accordingly the linkage mechanism is operable to lift the shovel from the near-ground position
to a higher position, at which the linkage mechanism is operable to move the shovel to a dumping position to dump the
loose material into the container.

[0003] A first known linkage mechanism for a loader, commonly known as a z-bar linkage, connects the shovel to the
machine through a hydraulic cylinder, a shovel link, and a bell crank in the centre of a working arm. Such a linkage
mechanism is known to provide a relatively high breakout force. However, to keep the shovel level as the working arm is
raised, the hydraulic cylinder must be operated, increasing the difficulty of controlling the shovel. Moreover, it is common
for the breakout forces provided by z-bar linkages to decrease dramatically when the shovel is lifted to a raised position.
[0004] A second known linkage mechanism for a loader, commonly known as a parallel linkage, is configured to
automatically keep the shovel substantially level as the working arm is raised and lowered. Typically, such a linkage
mechanism includes two hydraulic cylinders mounted at opposing lateral ends of the working arm to pivot the shovel
relative to the working arm, but these do not need to be operated to keep the shovel level as the working arm is raised.
However, such a linkage mechanism is known to provide a relatively weak breakout force.

[0005] The presentteachings seek to overcome or at least mitigate one or more problems associated with the prior art.

SUMMARY

[0006] The present teachings provide a working machine according to the appended claims.

[0007] Anaspectofthe teachings provides a working machine, e.g. a wheelloader. The working machine may comprise
a support. The working machine may comprise a material handling assembly movable relative to the support. The material
handling assembly may comprise a working arm pivotally mounted to the support at a first pivot. The working arm may be
configured to be pivotally mounted to a material handling implement, such as a shovel, at a second pivot. The material
handling assembly may comprise a pivoting mechanism configured to be pivotally mounted to the implement at a third
pivot. The pivoting mechanism may comprise a Z bar link. The pivoting mechanism may comprise a chassis link. The
pivoting mechanism may comprise a first actuator operable to extend and retract. The Z bar link may be pivotally mounted
to the working arm at a fourth pivot. The chassis link may be pivotally mounted to the Z bar link at a fifth pivot. The chassis
link may be pivotally mounted to the support at a sixth pivot. The first actuator may be pivotally mounted to the Zbarlink ata
seventh pivot. The fourth pivot may be interposed between the fifth and seventh pivots. The pivoting mechanism may be
configured to pivot the implement relative to the working arm about the second pivot via pivoting of the working arm relative
to the support about the first pivot, and via operation of the first actuator.

[0008] Advantageously, such a pivoting mechanism may provide a similar functionality to a parallel linkage.

[0009] The pivoting mechanism may be interposed (e.g. substantially centrally) between opposing lateral ends of the
working arm.

[0010] Positioning the pivoting mechanism between opposing lateral ends of the working arm, helps to enhance an
operator’s visibility of the implement.

[0011] Further, such a position of the pivoting mechanism enables a greater range of distances between the pivots,and a
greater range of sizes of the first actuator, compared to if the pivoting mechanism was located at the lateral ends of the
working arm, for example, since clashing between the pivoting mechanism and arm is more easily avoided.

[0012] Aratio of adistance between the fifth and seventh pivots to a distance between the fifth and sixth pivots may be in
the range of 1.69t0 2.30. Said ratio between the fifth and seventh pivots to a distance between the fifth and sixth pivots may
be in the range of 1.79 to 2.19; optionally, in the range of 1.89 to 2.09; for example approximately 2.0.

[0013] Advantageously, such ratios have been found to enable improved breakout forces and dumping angles of the
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implement across the lifting range of the material handling assembly, without significantly increasing the load imparted by
the pivoting mechanism on the support. Moreover, such ratios enable the pivoting mechanism to increase a crowding
angle of the implement as the working arm is raised, without operation of the first actuator, so as to help retain material held
by the implement.

[0014] Aratio of adistance between the fourth and seventh pivots to a distance between the fifth and sixth pivots may be
inthe range of 0.83to 1.12. Said ratio of the distance between the fourth and seventh pivots to the distance between the fifth
and sixth pivots may be in the range of 0.87 to 1.07; optionally in the range of 0.92 to 1.02, for example approximately 1.0.
[0015] Advantageously, such ratios have been found to enable improved breakout forces and dumping angles of the
implement across the lifting range of the material handling assembly, without significantly increasing the load imparted by
the pivoting mechanism on the support. Moreover, such ratios enable the pivoting mechanism to increase a crowding
angle of the implement as the working arm is raised, without operation of the first actuator, so as to help retain material held
by the implement.

[0016] Aratioofadistance between the fourth and fifth pivots to a distance between the fifth and sixth pivots may beinthe
range of 0.87 to 1.19. Said ratio of the distance between the fourth and fifth pivots to the distance between the fifth and sixth
pivots may be in the range of 0.93 to 1.13; optionally, in the range of 0.98 to 1.08, for example approximately 1.0.
[0017] Advantageously, such ratios have been found to enable improved breakout forces and dumping angles of the
implement across the lifting range of the material handling assembly, without significantly increasing the load imparted by
the pivoting mechanism on the support. Moreover, such ratios enable the pivoting mechanism to increase a crowding
angle of the implement as the working arm is raised, without operation of the first actuator, so as to help retain material held
by the implement.

[0018] Aratio of adistance between the first and sixth pivots to a distance between the fifth and sixth pivots may be in the
range of 0.93 to 1.27. Said ratio of the distance between the first and sixth pivots to the distance between the fifth and sixth
pivots may be in the range of 0.99 to 1.21; optionally, in the range of 1.05 to 1.16, for example approximately 1.1.
[0019] Advantageously, such ratios have been found to enable improved breakout forces and dumping angles of the
implement across the lifting range of the material handling assembly, without significantly increasing the load imparted by
the pivoting mechanism on the support. Moreover, such ratios enable the pivoting mechanism to increase a crowding
angle of the implement as the working arm is raised, without operation of the first actuator, so as to help retain material held
by the implement.

[0020] The first actuator may be configured to be pivotally mounted to the implement or a further link of the pivoting
mechanism at a further pivot. A distance between said further pivot and the seventh pivot may increase and decrease when
the first actuator extends and retracts respectively. A ratio of a minimum distance between said further pivot and the
seventh pivot and a distance between the fifth and sixth pivots may be in the range of 2.67 to 3.62; optionally, in the range of
2.83 to 3.46; optionally in the range of 2.99 to 3.30, for example approximately 3.1.

[0021] Advantageously, such ratios have been found to enable improved breakout forces and dumping angles of the
implement across the lifting range of the material handling assembly, without significantly increasing the load imparted by
the pivoting mechanism on the support. Moreover, such ratios enable the pivoting mechanism to increase a crowding
angle of the implement as the working arm is raised, without operation of the first actuator, so as to help retain material held
by the implement.

[0022] The first actuator may be configured to be pivotally mounted to the implement or a further link of the pivoting
mechanism at a further pivot. A distance between said further pivot and the seventh pivot may increase and decrease when
the first actuator extends and retracts respectively. A ratio of a maximum distance between said further pivot and the
seventh pivot and a distance between the fifth and sixth pivots may be in the range of 4.44 t0 6.01; optionally, in the range of
4.70 to 5.75; optionally, in the range of 4.96 to 5.49, for example approximately 5.2.

[0023] Advantageously, such ratios have been found to enable improved dumping angles of the implement.

[0024] The material handling assembly may be configured such that a maximum dumping angle of the implement
relative to a ground plane of the working machine at a maximum horizontal reach position of the second pivotis in the range
of 50 to 80 degrees; optionally in the range of 60 to 75 degrees, for example approximately 70 degrees.

[0025] Advantageously, such maximum dumping angles may allow material, such as a harvested crop, to be collected
more efficiently by the material handling implement.

[0026] The material handling assembly may be configured such that a maximum dumping angle of the implement
relative to a ground plane of the working machine at a maximum lift position of the second pivot is in the range of 40 to 60
degrees; optionally, 45 to 55 degrees, for example approximately 50 degrees.

[0027] Advantageously, such maximum dumping angles enable material held by the material handling implement to be
dumped therefrom more rapidly over an obstacle such as a container.

[0028] The material handling assembly may be configured such that an overall maximum dumping angle of the
implement relative to a ground plane of the working machine is in the range of 60 to 90 degrees; optionally, in the range
of 70 to 85 degrees; optionally in the range of 80 to 85 degrees, for example, approximately 83 degrees.

[0029] The working arm may comprise two opposed longitudinal structural members. The working arm may comprise a
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transverse connecting member connecting the structural members. The pivoting mechanism may be supported by the
connecting member. A ratio of a distance between a longitudinal axis of the connecting member and the first pivot to a
distance between the first and second pivots may be in the range of 0.50 to 0.68; optionally in the range of 0.53 to 0.65;
optionally, in the range of 0.56 to 0.62, for example approximately 0.59.

[0030] Advantageously, such a configuration of the working arm helps to enhance an operator’s visibility of the
implement and surrounding environment.

[0031] The working arm may comprise two opposed longitudinal structural members. The working arm may comprise a
transverse connecting member connecting the structural members. The working arm may comprise a first cantilever
member projecting from the connecting member (e.g. substantially parallel to a longitudinal axis of the working arm). Both
structural members may be pivotally mounted to the support at the first pivot. Both structural members may be configured
to be pivotally mounted to the implement at the second pivot. The first cantilever member may be pivotally mounted to the Z
bar link at the fourth pivot.

[0032] Advantageously, such a configuration of the working arm helps to enhance an operator’s visibility of the
implement and surrounding environment.

[0033] Each structural member may comprise a plate extending between the first and second pivots.

[0034] The first cantilever member may comprise a plate extending between the connecting member and the fourth
pivot.

[0035] Advantageously, such a configuration of the working arm helps to reduce the weight of the working arm, whilst
enhancing an operator’s visibility of the implement and surrounding environment.

[0036] The workingarm may further comprise a second cantilever member projecting from the connecting member (e.g.
substantially parallel to the longitudinal axis of the working arm). The pivoting mechanism may further comprise a tilt link
and animplementlink. The iltlink may be pivotally mounted to the second cantilever member at the eighth pivot. Thetiltlink
may be pivotally mounted to the implement link at a ninth pivot. The implement link may be pivotally mounted to the first
actuator at a tenth pivot. The implement link may be configured to be pivotally mounted to the implement at the third pivot.
Extension and retraction of the first actuator may respectively increase and decrease a distance between the seventh and
tenth pivots so as to pivot the implement relative to the working arm about the second pivot, in use.

[0037] Advantageously, the third and fourth links help to increase the maximum dumping angle of the implement.
[0038] The second cantilever member may comprise a plate extending between the connecting member and the eighth
pivot.

[0039] Advantageously, such a configuration of the working arm helps to reduce the weight of the working arm, whilst
enhancing an operator’s visibility of the implement and surrounding environment.

[0040] Theworking machine may comprise a hydraulic circuit comprising the firstactuator and a supply of hydraulic fluid.
The first actuator may comprise first and second ports in fluid communication with the supply of hydraulic fluid. The first
actuator may be configured such that supply of fluid to the first port extends the first actuator such that fluid exits from the
second port, and supply of fluid to the second port retracts the first actuator such that fluid exits from the first port. The
material handling assembly may comprise a passage connected to the first and second ports so as to transport fluid from
the second to the first port, in use. The passage may bypass the supply of hydraulic fluid.

[0041] Advantageously, the passage may shorten a path that hydraulic fluid must take to travel between the first and
second ports, and thus reduce a pressure drop of the fluid, so as to increase a dumping speed of the implement.
[0042] The passage may comprise a one-way valve configured to allow fluid to move from the second port to the first
port, and inhibit fluid moving from the first port to the second port, in use.

[0043] The working arm may comprise two opposed longitudinal structural members. The working arm may comprise a
transverse connecting member connecting the structural members. The valve may be mounted to the connecting member
proximate to the first actuator.

[0044] Advantageously, such a configuration may help to shorten a path that hydraulic fluid must take to travel between
the first and second ports, and thus reduce a pressure drop of the fluid.

[0045] The pivoting mechanism may be configured to increase a crowding angle of the implement relative to a ground
plane of the working machine when the working arm is pivoted about the first pivot so as to raise the second pivot relative to
said ground plane, without operation of the first actuator, across 60% or more of a lifting range of the working arm.
[0046] Advantageously, such a configuration of the pivoting mechanism helps to retain material held by the implement
when raised by the lift arm, and improve the stability of the working machine.

[0047] The pivoting mechanism may be configured to increase said crowding angle of the implement across 70% or
more of the lifting range of the working arm; optionally, across 80% or more of the lifting range of the working arm.
[0048] Whenthe second pivotis ata minimum heightabove a ground plane of the working machine and the implementis
at a corresponding maximum crowding angle, the pivoting mechanism may be configured to increase the crowding angle
of the implement relative to a ground plane of the working machine when the working arm is pivoted about the first pivot so
as to raise the second pivot relative to said ground plane, without operation of the first actuator.

[0049] Advantageously, such a configuration of the pivoting mechanism helps to retain material held by the implement
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when raised by the lift arm.

[0050] The working arm may comprise one or more cavities spaced from any pivot.

[0051] Advantageously, such a configuration of the working arm helps to reduce the weight of the working arm.
[0052] The one or more cavities may comprise at least one cavity extending substantially parallel to a pivot axis of the
second pivot.

[0053] Advantageously, such a configuration of the working arm helps to reduce the weight of the working arm, whilst
maintaining sufficient structural stiffness of the working arm.

[0054] The working arm may comprise two opposed longitudinal structural members. The working arm may comprise a
transverse connecting member connecting the structural members. The transverse connecting member may comprise at
least one of the one or more cavities.

[0055] Advantageously, such a configuration of the working arm helps to reduce the weight of the working arm.
[0056] An external surface of the connecting member may comprise an opening proximate the first actuator. Said
opening may lead to the at least one cavity in the connecting member.

[0057] Advantageously, the opening may accommodate part of a hydraulic circuit for controlling the first actuator.
[0058] The material handling assembly may further comprise a second actuator operable to extend and retract. The
second actuator may be pivotally mounted to the working arm and the support such that operation of the second actuator
pivots the working arm relative to the support about the first pivot.

[0059] The working machine may comprise a chassis supported by a ground-engaging propulsion structure. The
chassis may comprise the support.

BRIEF DESCRIPTION OF THE DRAWINGS

[0060] Embodiments are now disclosed by way of example only with reference to the drawings, in which:
Figure 1 is a side view of a working machine according to an embodiment;
Figure 2a is a side view of a material handling assembly of the working machine of Figure 1;
Figure 2b is the side view of the material handling assembly of Figure 2a with alternative annotations;
Figure 3 is an isometric partial view of the material handling assembly of Figure 2a;
Figure 4 is a rear view of the material handling assembly of Figure 2a;
Figure 5 is a schematic representation of a hydraulic circuit of the working machine of Figure 1;

Figure 6 is a graph of two plots of shovel crowding angle versus lifting height for the material handling assembly of
Figure 2a; and

Figures 7 to 11 are side views of the material handling assembly of Figure 2a in different positions.
DETAILED DESCRIPTION OF EMBODIMENT(S)

[0061] In the following detailed description, numerous specific details are set forth in order to provide a thorough
understanding of various embodiments and the inventive concept. However, those skilled in the art will understand that:
the present invention may be practiced without these specific details or with known equivalents of these specific details;
thatthe presentinventionis notlimited to the described embodiments; and, that the presentinvention may be practicedina
variety of alternative embodiments. It will also be appreciated that well known methods, procedures, components, and
systems may not have been described in detail.

[0062] Figure 1 shows a side view of a working machine 100 on a ground plane 101. The working machine 100 may be
suitable for use in off-highway applications such as construction or agriculture. In the present embodiment, the working
machine 100 is a wheel loader. Alternatively, the working machine 100 could be any suitable type of working machine such
as a skid steerloader, a backhoe loader, or a tractor, which can accommodate the material handling assembly described in
the following. Such working machines may be denoted as off-highway vehicles.

[0063] The working machine 100 includes a superstructure 102, a chassis 104 and a ground-engaging propulsion
structure 106. The superstructure 102 is mounted upon the chassis 104, which is mounted upon the ground-engaging
propulsion structure 106. In Figure 1, the ground-engaging propulsion structure 106 includes a plurality of wheels 107.
However, it will be appreciated that the ground-engaging propulsion structure 106 could alternatively include, for example,
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a pair of continuous tracks.

[0064] In the illustrated embodiment, the working machine 100 includes an articulated steering arrangement. The
chassis 104 includes a front chassis portion 104a articulated with respect to a rear chassis portion 104b about a steering
axis X1. The front chassis portion 104a and the rear chassis portion 104b are each supported by a pair of wheels 107. The
working machine 100 includes a steering actuator arrangement (not shown) to pivot the first and second chassis portions
104a, 104b relative to each other about the steering axis X1 so as to steer the working machine 100. In alternative
embodiments (not shown), the working machine 100 may include any suitable steering arrangement (e.g. rack and pinion
steering).

[0065] The superstructure 102 includes an operator station in the form of a cab 108. In the illustrated embodiment, the
cab 108 is directly mounted to the rear chassis portion 104b. However, in other embodiments, another structure may be
partially or wholly interposed between the cab 108 and the chassis 104. The cab 108 is intended to house a human
operator of the working machine 100. In alternative embodiments the cab 108 may be replaced by an operator station that
does not fully enclose an operator, such as a safety frame or canopy (not shown).

[0066] The front chassis portion 104a includes a support 111. The working machine 100 includes a material handling
assembly 110 pivotally mounted to the support 111 so as to be movable relative to the support 111. The material handling
assembly 110 is provided for performing working operations (e.g. grading, loading or unloading). In the illustrated
embodiment, the material handling assembly 110 projects from the front chassis portion 104a in a travelling direction
of the working machine 100), but may have any suitable connection to the chassis 104. Advantageously, connecting the
material handling assembly 110 to the front chassis portion 104a enables the material handling assembly 110 to be pivoted
about the steering axis X1 relative to the rear chassis portion 104b and the cab 108, which may help to simplify material
handling operations.

[0067] Inalternative embodiments (not shown), any suitable portion of the working machine 100 (e.g. an alternative part
of the chassis 104 or the superstructure 102) may include the support 111.

[0068] Figure 2a shows an isolated side view of the material handling assembly 110 and the front chassis portion 104a.
The material handling assembly 110 includes a working arm 112, a material handling implement 114, and a pivoting
mechanism 116.

[0069] The workingarm 112is pivotally mounted to the support 111 atafirst pivot P1; i.e. such that the workingarm 112is
pivotable relative to the support 111 about a corresponding first pivot axis (e.g. via one or more pins received in aligned
apertures in the working arm 112 and support 111).

[0070] The material handling implement 114 is pivotally mounted to the working arm 112 at a second pivot P2. In the
illustrated embodiment, the material handling implement 114 is a shovel, but in alternative embodiments may be a fork,
rake, claw or any suitable material handling implement.

[0071] Intheillustrated embodiment, the first pivot P1 is proximate afirst longitudinal end of the working arm 112, and the
second pivot P2 is proximate a second longitudinal end of the working arm 112, opposite the first longitudinal end.
[0072] The pivoting mechanism 116 is pivotally mounted to the shovel 114 at a third pivot P3, and is pivotally mounted to
the working arm 112 at a fourth pivot P4. The pivoting mechanism 116 is configured to pivot the shovel 114 about the
second pivot P2 relative to the working arm 112.

[0073] Figure 3 shows an isometric view of the material handling assembly 110 without the shovel 114. As is apparent,
the working arm 112 includes opposed first and second longitudinal structural members 118a, 118b spaced from each
other and connected by a transverse connecting member 120. The structural members 118a, 118b extend substantially
parallel to each other, and substantially parallel to a longitudinal direction of the working arm 112. The connecting member
120 extends substantially transversely to said longitudinal direction. Each structural member 118a, 118b is pivotally
mounted to the support 111 at the first pivot P1, and to the shovel 114 at the second pivot P2.

[0074] The first and second structural members 118a, 118b include first and second lateral ends 112a, 112b of the
working arm 112 respectively. In the illustrated embodiment, the pivoting mechanism 116 is interposed substantially
centrally between the opposing lateral ends 112a, 112b of the working arm 112 (i.e. between the structural members 118a,
118b). In alternative embodiments (not shown), the pivoting mechanism 116 may be offset from the centre whilst still being
interposed between the opposing lateral ends 112a, 112b (i.e. the pivoting mechanism 116 may be closer to the first lateral
end 112a relative to the second lateral end or vice versa).

[0075] Itwillbe appreciated from Figure 4, which shows a view from the cab 108 towards the shovel 114, that positioning
the pivoting mechanism 116 between the lateral ends 112a, 112b of the working arm 112 helps to improve an operator’s
visibility of the shovel 114 and the surrounding environment, relative to if the pivoting mechanism 116 included two
actuators for pivoting the shovel 114, each located at one of the lateral ends 112a, 112b, for example. Moreover, positioning
the pivoting mechanism 116 between the structural members 118a, 118b provides greater flexibility for the configuration of
thelinks L1,L2, L3 and L4, and the first actuator A1, since the pivoting mechanism 116 is able to operate without contacting
the structural members 118a, 118b.

[0076] Intheillustrated embodiment, the pivoting mechanism 116 is supported by the connecting member 120, as will be
discussed more in the following. In alternative embodiments (not shown), the pivoting mechanism 116 may be supported
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by any suitable portion of the working arm 112.

[0077] In the illustrated embodiment, the pivoting mechanism 116 includes a linkage having a first ‘Z bar’ link L1, a
second ‘chassis’ link L2, a third 'tilt’ link L3, a fourth 'implement’ link L4, and a first actuator A1. The fourth link L4 may also
be known as a shovel link. The firstlink L1 is pivotally mounted to the working arm 112 at the fourth pivot P4. The second link
L2 is pivotally mounted to the first link L1 at a fifth pivot P5. The second link L2 is pivotally mounted to the support 111 ata
sixth pivot P6. The first actuator A1 is pivotally mounted to the firstlink L1 at a seventh pivot P7. The third link L3 is pivotally
mounted to the working arm 112 at an eighth pivot P8. The third link L3 is pivotally mounted to the fourth link L4 at a ninth
pivot P9. The fourth link L4 is pivotally mounted to the first actuator A1 at a tenth pivot P10. The fourth link L4 is pivotally
mounted to the shovel 114 at the third pivot P3. The fourth pivot P4 is substantially interposed between the fifth and seventh
pivots P5, P7, such that the first link L1 acts as a bell crank.

[0078] The third and fourth links L3, L4 form a four-bar linkage with the working arm 112 and the shovel 114. The fourth
link L4 includes a cantilevered portion projecting from the ninth pivot P9, said cantilevered portion include the tenth pivot
P10.

[0079] The first actuator A1 is operable to extend and retract. Extension and retraction of the first actuator A1
respectively increases and decreases a distance between the seventh and tenth pivots P7, P10, so as to pivot the
shovel 114 relative to the working arm 112 about the second pivot P2. In the illustrated embodiment, the firstactuator A1is a
hydraulic linear actuator (commonly referred to as a hydraulic ram or hydraulic cylinder), but in alternative embodiments,
may be any suitable (e.g. electric or pneumatic) linear actuator.

[0080] Extensionofthefirstactuator A1 drives the fourthlink L4 to pivot about the eighth pivot P8 via the third link L3 (anti-
clockwisein Figure 2a). Such pivoting of the fourth link L4 pivots the shovel 114 about the second pivot P2 (anti-clockwise in
Figure 2a). As such, as the first actuator A1 extends, the shovel 114 pivots relative to the working arm 112 towards a
dumping position (i.e. a position in which loose material contained within the shovel 114 is released therefrom due to
gravity). The foregoing actions are reversed when the first actuator A1 is retracted such that the shovel 114 pivots relative
to the working arm 112 away from the dumping position and towards a crowding position (i.e. a position in which loose
material can be contained within the shovel 114).

[0081] Intheillustrated embodiment, the material handling assembly 110 includes a pair of second actuators A2, each
pivotally mounted to the support 111 at an eleventh pivot P11, and pivotally mounted to the working arm 112 at a twelfth
pivot P12. Each second actuator A2 is operable to extend and retract. Extension and retraction of the second actuators A2
pivots the working arm 112 relative to the support 111 about the first pivot P1 so as to respectively raise and lower the shovel
114 relative to the ground plane 101 of the working machine 100. In the illustrated embodiment, each second actuator A2 is
ahydraulicram or cylinder, butin alternative embodiments, may be any suitable (e.g. electric or pneumatic) linear actuator.
In alternative embodiments (not shown), the material handling assembly 110 may include a single second actuator A2 or
more than two second actuators A2. Alternatively, instead of the second actuator A2, the material handling assembly 110
may include an alternative actuator arrangement configured to pivot the working arm 112 relative to the support 111 about
the first pivot P1 (e.g. a rotary actuator, such as a motor, at the first pivot P1).

[0082] The pivoting mechanism 116 is configured to pivot the shovel 114 relative to the working arm 112 about the
second pivot P2 via pivoting of the working arm 112 relative to the support 111 about the first pivot P1 (i.e. without operation
of the first actuator A1).

[0083] Astheshovel 114 israised via pivoting of the working arm 112 about the first pivot P1 (clockwise in Figure 2a), the
second link L2 pulls on the first link L1 at the fifth pivot P5, causing the first link L1 to pivot relative to the working arm 112
about the fourth pivot P4 (anti-clockwise in Figure 2a). Such pivoting of the first link L1 drives the fourth link L4 via the first
actuator A1 (without operation of the first actuator A1) such that the fourth link L4 pivots about the eighth pivot P8 via the
third link L3 (anti-clockwise in Figure 2a). Such pivoting of the fourth link L4 pivots the shovel 114 about the second pivot P2
(anti-clockwise in Figure 2a). As such, as the shovel 114 is raised, the shovel 114 pivots relative to the working arm 112
towards the dumping position. The foregoing actions are reversed when the working arm 112 is pivoted so as to lower the
shovel 114 such that the shovel 114 pivots relative to the working arm 112 away from the dumping position towards the
crowding position. As discussed more below, in some embodiments, even when the shovel 114 pivots relative to the
working arm 112 towards the dumping position when the shovel 114 is raised, the shovel 114 may pivot relative to the
ground plane 101 towards the crowding position, and vice versa.

[0084] The pivoting mechanism 116 is configured so as to inhibit the first link L1 and the first actuator A1 clashing across
the entire lifting range of the material handling assembly 110. In the illustrated embodiment, a portion of the first link L1
connecting the fourth and seventh pivots P4, P7 is substantially dogleg-shaped so as to prevent clashing with the first
actuator A1 when the material handling assembly 110 is at or towards its lowermost height above the ground plane 101
(e.g. as shown in Figure 7).

[0085] Inalternative embodiments (notshown), the links L1-L4 and first actuator A1 may have any suitable configuration
in which the pivoting mechanism 116 pivots the shovel 114 relative to the working arm 112 about the second pivot P2 via
pivoting of the working arm 112 relative to the support 111 about the first pivot P1, and via operation of the first actuator A1.
[0086] In alternative embodiments (not shown), the first actuator A1 may instead be directly pivotally mounted to the
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shovel 114 at the third pivot P3. In such embodiments, the pivoting mechanism 116 may not include the third and fourth
links L3, L4, although this may restrict the dumping angle.

[0087] Inthe following, "dumping angle" refers to an angle between the ground plane 101 and a base 114a of the shovel
114, which is zero when the base 114a and ground plane are parallel, positive when the shovel 114 is pivoted towards a
dumping position, and negative when pivoted towards a crowding position. Likewise, "crowding angle" corresponds to the
dumping angle with a change of sign (i.e. negative dumping angle equals a positive crowding angle and vice versa). In the
illustrated embodiment, the base 114a forms an angle of approximately 67 degrees with an axis X2 intersecting the second
and third pivots P2, P3. Moreover, the base 114a forms an angle of approximately 60 degrees with a back plate 114b of the
shovel 114. Such dimensions are typical for loader shovels.

[0088] Figure 2b shows the same view of the material handling assembly 110 and front chassis portion 104a of Figure 2a
with reference numerals removed for clarity, and showing distances denoted A-S, where: Ais the distance between the first
and second pivots P1, P2; B is the distance between the second and third pivots P2, P3; C is the distance between the first
and fourth pivots P1, P4; D is the distance between the first and twelfth pivots P1, P12; E is the distance between the
second and twelfth pivots P2, P12; F is the distance between the second and eighth pivots P2, P8; G is the distance
between the eighth and ninth pivots P8, P9; H is the distance between the third and tenth pivots P3, P10; | is the distance
between the third and ninth pivots P3, P9; J is the distance between the ninth and tenth pivots P9, P10; K is the distance
between the fifth and sixth pivots P5, P6; L is the distance between the fourth and fifth pivots P4, P5; M is the distance
between the fourth and seventh pivots P4, P7; N is the distance between the fifth and seventh pivots P5, P7; O is the
distance between the firstand eleventh pivots P1, P11; P is the distance between the eleventh and twelfth pivots P11, P12;
Qis the distance between the seventh and tenth pivots P7, P10; R is the distance between the first and sixth pivots P1, P6;
and Sis the distance between a longitudinal axis of the connecting member 120 and the first pivot P1. The longitudinal axis
of the connecting member 120 is substantially perpendicular to the longitudinal direction of the working arm 112, and is
arranged substantially centrally with respect to the connecting member 120. Each distance A-S is the shortest distance
between the respective ends.

[0089] Table 1 includes lower, upper and example values for ratios of some of the distances A-S to the distance A, and
some of the distances A-S to the distance K, according to exemplary embodiments. Advantageously, the distance ratios in
Table 1 have been found to enable an improved breakout force of the shovel 114, and increased dumping angle of the
shovel 114 across the lifting range of the material handling assembly 110, without significantly increasing the load imparted
by the pivoting mechanism 116 on the support 111. Moreover, as discussed more below, such ratios have been found to
enable the pivoting mechanism 116 to increase the crowding angle of the shovel 114 as the working arm is pivoted to lift the
shovel 114, without operation of the first actuator A1, so as to help retain material held by the shovel 114.

Table 1
Distance Ratio Lower Limit Value Upper Limit Value Example Approximate Value
B/A 0.15 0.22 0.18
C/A 0.18 0.25 0.21
D/A 0.46 0.64 0.55
E/A 0.38 0.52 0.45
F/A 0.10 0.14 0.12
G/A 0.19 0.26 0.23
H/A 0.20 0.28 0.24
I/A 0.11 0.16 0.14
J/IA 0.08 0.12 0.1
K/A 0.14 0.21 0.18
L/A 0.15 0.21 0.18
M/A 0.14 0.20 0.17
N/A 0.29 0.41 0.35
O/A 0.17 0.25 0.21
R/A 0.16 0.23 0.19
S/A 0.50 0.68 0.59
L/K 0.87 1.19 1.0
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(continued)

Distance Ratio Lower Limit Value Upper Limit Value Example Approximate Value
M/K 0.83 1.12 1.0
N/K 1.69 2.30 2.0
O/K 1.01 1.38 1.2
R/K 0.93 1.27 1.1

[0090] In exemplary embodiments, the distance A between the first and second pivots P1, P2 may be in the range of
2500 to 3500mm; optionally, in the range of 2700 to 3300mm, for example, approximately 3000mm.

[0091] Inexemplary embodiments, the distance K between the fifth and sixth pivots P5, P6 may be in the range of 400 to
700mm; optionally, in the range of 500 to 600mm, for example, approximately 550mm.

[0092] In some embodiments, the ratio C/A may be in the range of 0.19 to 0.23; optionally, in the range of 0.2 to 0.22.
[0093] Insome embodiments, the ratio G/A may be in the range of 0.20 to 0.25; optionally in the range of 0.21 to 0.24.
[0094] In some embodiments, the ratio H/A may be in the range of 0.22 to 0.27; optionally in the range of 0.23 to 0.26.
[0095] In some embodiments, the ratio K/A may be in the range of 0.16 to 0.19; optionally in the range of 0.17 to 0.18.
[0096] In some embodiments, the ratio L/A may be in the range of 0.16 to 0.20; optionally in the range of 0.17 to 0.19.
[0097] In some embodiments, the ratio M/A may be in the range of 0.15 to 0.19; optionally, in the range of 0.16 to 0.18.
[0098] In some embodiments, the ratio N/A may be in the range of 0.32 to 0.39; optionally in the range of 0.33 to 0.37.
[0099] In some embodiments, the ratio S/A may be in the range of 0.53 to 0.65; optionally, in the range of 0.56 to 0.62.
Advantageously, such ratios and the corresponding ratios in Table 1 have been found to enhance an operator’s visibility of
the shovel 114 and the surrounding environment.

[0100] In some embodiments, the ratio L/K may be in the range of 0.93 to 1.13; optionally, in the range of 0.98 to 1.08.
[0101] In some embodiments, the ratio M/K may be in the range of 0.87 to 1.07; optionally in the range of 0.92 to 1.02.
[0102] In some embodiments, the ratio N/K may be in the range of 1.79 to 2.19; optionally, in the range of 1.89 to 2.09.
[0103] Insome embodiments, the ratio R/K may be in the range of 0.99 to 1.21; optionally, in the range of 1.05 to 1.16.
[0104] Extension and retraction of the first actuator A1 respectively increases and decreases the distance Q between
the seventh and tenth pivots P7, P10. As such, when the first actuator A1 is fully extended, the distance Q is maximised,
and when the first actuator A1 is fully retracted, the distance Q is minimised.

[0105] Inexemplary embodiments, a ratio Q,,,,/A of the fully extended maximum distance Q to the distance Ais in the
range of 0.78 to 1.06; optionally in the range of 0.83 to 1.01; optionally in the range of 0.87 to 0.97, for example,
approximately 0.92.

[0106] In exemplary embodiments, a ratio Q,,,;,/A of the fully retracted minimum distance Q to the distance A is in the
range of 0.47 to 0.64; optionally in the range of 0.50 to 0.61; optionally in the range of 0.53 to 0.58, for example,
approximately 0.55.

[0107] Inexemplary embodiments, a ratio Q,,,,/K of the fully extended maximum distance Q to the distance Kis in the
range of 4.44 to 6.01; optionally in the range of 4.70 to 5.75; optionally in the range of 4.96 to 5.49, for example
approximately 5.2.

[0108] In exemplary embodiments, a ratio Q,,,;,/K of the fully retracted minimum distance Q to the distance Kiis in the
range of 2.67 to 3.62; optionally in the range of 2.83 to 3.46; optionally in the range of 2.99 to 3.30, for example
approximately 3.1.

[0109] Extension and retraction of the second actuator A2 respectively increases and decreases the distance P
between the eleventh and twelfth pivots P11, P12. As such, when the second actuator A2 is fully extended, the distance P is
maximised, and when the second actuator A2 is fully retracted, the distance P is minimised.

[0110] Inexemplary embodiments, a ratio P, ,,/A of the fully extended maximum distance P to the distance A is in the
range of 0.61 to 0.83; optionally, in the range of 0.65 to 0.80; optionally in the range of 0.69 to 0.76, for example,
approximately 0.72.

[0111] In exemplary embodiments, a ratio P,,;,/A of the fully retracted minimum distance P to the distance A is in the
range of 0.40 to 0.54; optionally, in the range of 0.42 to 0.51; optionally, in the range of 0.44 to 0.49, for example
approximately 0.47.

[0112] AsshowninFigure 3, the working arm 112 includes firstand second cantilever members 122, 124 projecting from
the connecting member 120. In the illustrated embodiment, the cantilever members 122, 124 project from the connecting
member 120 in substantially opposite directions aligned with the longitudinal direction of the working arm 112. The first
cantilever member 122 is pivotally mounted to the first link L1 at the fourth pivot P4. The second cantilever member 124 is
pivotally mounted to the third link L3 at the eighth pivot P8.

[0113] It will be appreciated from Figure 4 that connecting the pivoting mechanism 116 to the working arm 112 via the
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connecting member 120 and the cantilever members 122, 124 helps to improve the visibility through the material handling
assembly 110 towards the shovel 114 and of the surrounding environment for an operator in the cab 108, relative to a
material handling assembly in which the pivoting mechanism is connected to a working arm via multiple connecting
members, for example.

[0114] In the illustrated embodiment, each structural member 118a, 118b includes a plate extending between the first
and second pivots P1, P2. The first cantilever member 122 includes two opposed plates extending between the connecting
member 120 and the fourth pivot P4. The second cantilever member 124 includes two opposed plates extending between
the connecting member 120 and the eighth pivot P8. The plates of the first cantilever member 122 are joined to the plates of
the second cantilever member 124, e.g. by welding. The plates of the structural members 118a, 118b and the cantilever
members 122, 124 are arranged substantially parallel to each other, and parallel to a plane substantially normal to the pivot
axis of the shovel 114 relative to the working arm 112. As will be appreciated from Figure 4, such an arrangement of the
plates helps to enhance the visibility through the material handling assembly 110 for an operator in the cab 108. Moreover,
forming the structural member 118a, 118b and cantilever members 122, 124 as a fabrication from plates helps to reduce
the weight of the material handling assembly 110 whilst providing the material handling assembly 110 with sufficient
structural rigidity. In the illustrated embodiment, the plates are formed from metal, e.g. steel, such as heat treated mild
steel.

[0115] With reference to Figures 2a and 3, the working arm 112 includes a plurality of cavities 126 spaced from each of
the pivots P1-P12. In the illustrated embodiment, the connecting member 120 includes an annular wall 127 partially
defining two cavities 126a. The two cavities 126a extend substantially parallel to a pivot axis of the second pivot P2. As
such, the cavities 126a help to reduce the weight of the material handling assembly 110 whilst maintaining sufficient
structural rigidity of the working arm 112.

[0116] Thetwo cavities 126a are separated by a wall 128 extending between opposed sides of the annularwall 127, and
substantially parallel to pivot axis of the second pivot P2. The wall 128 helps to increase the structural rigidity of the
connecting member 120.

[0117] In the illustrated embodiment, each cavity 126a passes through both structural members 118a, 118b as well as
the connecting member 120. Each cavity 126a has a substantially constant rectangular profile along an axis parallel to the
pivot axis of the second pivot P2. In alternative embodiments, each cavity 126a may have any suitable constant or varying
profile along said axis.

[0118] An external surface of the annular wall 127 includes an opening 130 proximate the first actuator A1. In the
illustrated embodiment, the opening 130 faces the first actuator A1. The opening 130 leads to the two cavities 126a in the
connecting member 120. In the illustrated embodiment, the opening 130 extends through the annular wall 127 in a
direction substantially perpendicular to the pivot axis of the second pivot P2.

[0119] To help further reduce the weight of the working arm 112, each structural member 118a, 118b includes a cavity
126b towards the second pivot P2. In the illustrated embodiment, each cavity 126b extends through the corresponding
structural member 118a, 118b.

[0120] In alternative embodiments (not shown), the working arm 112 may include any suitable arrangement of cavities
126. For example, the working arm 112 may include one or more, or no, cavities 126 spaced from the pivots P1-P12.
[0121] Figure 5 shows a schematic representation of a hydraulic circuit 140 of the working machine 100 for controlling
the first actuator A1. In the illustrated embodiment, the first actuator A1 is a hydraulic ram including a rod 142 having the
tenth pivot P10, and a body 144 having the seventh pivot P7. A piston 143 is mounted to a distal end of the rod 142. The
body 144 includes a first chamber 146 between the piston 143 and the seventh pivot P7, and a second chamber 148
between the piston 143 and the tenth pivot P10. The body 144 further includes a first port 150 in fluid communication with
the first chamber 146, and a second port 152 in fluid communication with the second chamber 148. The hydraulic circuit
140 includes a hydraulic distributor 154 configured to supply hydraulic fluid (e.g. oil) to the first or second ports 150, 152.
For example, the hydraulic distributor 154 may include a reservoir of hydraulic fluid, a pump, and one or more valves for
controlling the flow of hydraulic fluid. In the illustrated embodiment, the hydraulic distributor 154 supplies hydraulic fluid to
other hydraulic components of the working machine 100, such as the second actuator A2, and is located in the
superstructure 102.

[0122] To extend the firstactuator A1, the hydraulic distributor 154 supplies fluid to the first chamber 146 via the first port
150, such thatthe increased pressure in the first chamber 146 pushing against the piston 143 extends the rod 142 from the
body 144. As the rod 142 extends from the body 144, fluid exits from the second chamber 148 via the second port 152 into
the hydraulic circuit 140 as the volume of the first chamber 146 increases. The foregoing actions are reversed to retract the
first actuator A1.

[0123] AsshowninFigure 5,the rod 142 extends through the second chamber 148, reducing the cross-sectional area of
the second chamber 148 compared to the first chamber 146. As such, it will be appreciated that a greater volume of
hydraulic fluid needs to be supplied to the first chamber 146 to fully extend the first actuator A1, relative to the volume of
hydraulic fluid that needs to be supplied to the second chamber 148 to fully retract the first actuator A1. Therefore, for a
constant flowrate of hydraulic fluid supplied by the hydraulic distributor 154, the first actuator A1 would normally take longer
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to fully extend than fully retract.

[0124] To mitigate this problem (i.e. to maintain dumping speed of the shovel 114), the material handling assembly 110
includes a passage 156 connecting the first and second ports 150, 152 so as to transport fluid from the second to the first
port 150, 152. The passage 156 bypasses the hydraulic distributor 154. In exemplary embodiments, a portion of the
passage 156 may be fixed to the working arm 112.

[0125] Intheillustrated embodiment, the passage 156 includes a one-way valve 158 configured to allow fluid to move
from the second port 152 to the first port 150 via the passage 156, and inhibit fluid moving from the first port 150 to the
second port 152 via the passage 156. Hence, when the first actuator A1 extends, i.e. to move the shovel 114 towards a
dumping position, hydraulic fluid is supplied to the first chamber 146 via the first port 150 both by the distributor 154 and the
passage 156, increasing the speed of extension relative to if the passage 156 was not there. Since the passage 156 is
wholly located in the material handling assembly 110, the distance travelled by hydraulic fluid from the second to the first
port 152, 150 via the passage 156 is shortened, which reduces the pressure drop of the fluid. In alternative embodiments
(not shown), the passage 156 may notinclude the valve 158, and instead may transport fluid between the first and second
ports 150, 152 in both directions.

[0126] Inthe illustrated embodiment, the valve 158 is mounted to the connecting member 120. Although not shown, the
valve 158 is mounted within the opening 130, which is proximate to the first actuator A1, which helps to reduce the length of
the passage 156. In alternative embodiments (not shown), the valve 158 may be mounted to any suitable portion of the
working arm 112.

[0127] Figure 6 shows firstand second plots PL1, PL2 of the position of the shovel 114 as the working arm 112 is pivoted
about the first pivot P1, and in particular, the crowding angle of the shovel 114 relative to the ground plane 101 of the
working machine 100 resulting from the action of the pivoting mechanism 116 (on the y-axis) versus the height of the
second pivot P2 above the ground plane 101 resulting from the action of the second actuator A2 (on the x-axis), for an
exemplary embodiment of the material handling assembly 110.

[0128] Atthe minimum height of the second pivot P2 above the ground plane 101 (290mm), both plots PL1, PL2 share a
common crowding angle of the shovel 114 (43°), which corresponds to maximum crowding of the shovel 114 for this height,
and is shown in Figure 7. The shovel 114 is prevented from crowding further due to abutment between the shovel 114 and
stops on the working arm 112. The first actuator A1 is not fully retracted in Figure 7.

[0129] The first plot PL1 corresponds to the maximum crowding position of the shovel 114 achievable by the pivoting
mechanism 116 as the working arm 112 is raised from the position shown in Figure 7. For example, as the second pivot P2
is raised from its minimum height, the first actuator A1 is retracted to maintain the shovel 114 against the stops on the
working arm 12. As shown in Figure 8, when the second pivot P2 reaches a height of approximately 901mm, the first
actuator A1 is fully retracted. Such a position of the shovel 114 is ideal for transporting material.

[0130] Asthe second pivot P2 is raised further from the position shown in Figure 8, the crowding angle of the shovel 114
initially reduces slightly since the first actuator A1 has ceased retracting, before increasing again, reaching a peak of
approximately 58° at a height of the second pivot P2 of approximately 3500mm. As shown in Figure 9, which shows the
maximum lift position of the second pivot P2, as the second pivot P2 is raised above 3500mm to its maximum height of
4350mm above the ground plane 101, the crowding angle of the shovel 114 reduces slightly to 57°. Such a position of the
shovel 114 is ideal for lifting material over an obstacle (e.g. such as a wall of a container).

[0131] When the pivoting mechanism 116 is controlled to maximise crowding of the shovel 114, as per the first plot PL1 of
Figure 6, the crowding angle of the shovel 114 is 57t1°for the majority of the lifting range of the working arm 112 (i.e. for
heights of the second pivot P2 between approximately 900 to 4350mm), and is thus substantially constant over this range.
Such a substantially constant crowding angle of the shovel 114 results from the pivoting mechanism 116 pivoting the
shovel 114 relative to the working arm 112 towards a dumping position when the working arm 112 is raised and vice versa
(i.e. without operation of the first actuator A1). As such, the pivoting mechanism 116 has similar functionality to a parallel
linkage mechanism.

[0132] The second plot PL2in Figure 6 shows the crowding angle of the shovel 114 as the working arm 112 is raised from
the position shown in Figure 7 without operation of the first actuator A1 (i.e. for a constant distance between the seventh
and tenth pivots P7, P10). As the height of the second pivot P2 increases, the crowding angle of the shovel 114 increases
until peaking at a height of the second pivot P2 of approximately 3500mm, and subsequently reducing as the second pivot
P2 is raised above 3500mm to its maximum height of 4350mm, in a similar manner to the first plot PL1.

[0133] Inthe exemplary embodiment, the pivoting mechanism 116 is configured to increase the crowding angle of the
shovel 114 relative to the ground plane 101 when the second pivot P2 is raised, without operation of the first actuator A1,
across approximately 85% of the lifting range of the working arm 112. In other embodiments, the pivoting mechanism 116
may be configured to increase the crowding angle of the shovel 114 relative to the ground plane 101 when the second pivot
P2 is raised, without operation of the first actuator A1, across 60% or more of the lifting range of the working arm 112;
optionally, across 70% or more of the lifting range of the working arm 112; optionally, across 80% or more of the lifting range
of the working arm 112. Here ’lifting range’ refers to the range of heights of the second pivot P2 above the ground plane 101
achievable via pivoting of the working arm 112 relative to the support 111 about the first pivot P1. For example, in the
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illustrated embodiment, the lifting range corresponds to the range of heights of the second pivot P2 above the ground plane
101 between full retraction and full extension of the second actuators A2.

[0134] Figure 10 shows the maximum dumping position of the shovel 114 at the maximum lift position of the second pivot
P2. As shown, in this exemplary embodiment, the maximum dumping angle of the shovel 114 for the maximum lift position
is approximately 50°. Such a position of the shovel 114 is ideal for efficiently dumping material over an obstacle into a
container. In some embodiments, the maximum dumping angle of the shovel 114 relative to the ground plane 101 at the
maximum lift position may be in the range of 40 to 60 degrees; optionally, 45 to 55 degrees.

[0135] At the maximum lift position of the second pivot P2, the pivot angle range of the shovel 114 (i.e. between
maximum crowding angle and maximum dumping angle) is approximately 107 degrees. In some embodiments, the pivot
angle range of the shovel 114 at the maximum lift position of the second pivot P2 may be in the range of 90 to 120 degrees,
optionally, 100 to 110 degrees.

[0136] Figure 11 shows the maximum dumping position of the shovel 114 at a maximum horizontal reach position of the
second pivot P2 (i.e. when an axis intersecting the first and second pivots P1, P2 is parallel to the ground plane 101). In this
exemplary embodiment, this maximum dumping angle is approximately 70° as shown in Figure 11. Such a maximum
dumping angle is beneficial for collecting material, such as a harvested crop, particularly when the material handling
implement 114 is a fork or rake. In some embodiments, the maximum dumping angle of the shovel 114 relative to the
ground plane 101 at the maximum horizontal reach position may be in the range of 50 to 80 degrees; optionally in the range
of 60 to 75 degrees.

[0137] At the maximum horizontal reach position of the second pivot P2, the pivot angle range of the shovel 114 is
approximately 127 degrees. In some embodiments, the pivot angle range of the shovel 114 at the maximum horizontal
reach position of the second pivot P2 may be in the range of 110 to 140 degrees; optionally, 120 to 130 degrees.
[0138] The overallmaximum dumpingangle of the shovel 114 (i.e. the maximum achievable dumping angle of the shovel
114 across the entire lifting range of the working arm 112) is approximately 83 degrees. In the illustrated embodiment, the
material handling assembly 110 is capable of providing such an overall maximum dumping angle when the second pivot P2
is at its lowermost position relative to the ground plane 101 (i.e. by fully retracting the second actuators A2). In some
embodiments, the overall maximum dumping angle of the shovel 114 relative to the ground plane 101 may be in the range
of 60 to 90 degrees; optionally, in the range of 70 to 85 degrees; optionally in the range of 80 to 85 degrees. In the illustrated
embodiment, at the lowermost position of the second pivot P2, the pivot range of the shovel 114 is approximately 126
degrees.

[0139] The one or more embodiments are described above by way of example only and it will be appreciated that the
variations are possible without departing from the scope of protection afforded by the appended claims.

Claims

1. A working machine comprising a support, and a material handling assembly movable relative thereto, the material
handling assembly comprising:

aworking arm pivotally mounted to the support at a first pivot, and configured to be pivotally mounted to a material
handling implement, such as a shovel, at a second pivot; and
a pivoting mechanism configured to be pivotally mounted to the implement at a third pivot, and comprising:

a Z bar link;
a chassis link; and
a first actuator operable to extend and retract,

the Z bar link pivotally mounted to the working arm at a fourth pivot,

the chassis link pivotally mounted to the Z bar link at a fifth pivot,

the chassis link pivotally mounted to the support at a sixth pivot, and

the first actuator pivotally mounted to the Z bar link at a seventh pivot,

wherein the fourth pivot is interposed between the fifth and seventh pivots,

wherein the pivoting mechanism is configured to pivot the implement relative to the working arm about the second
pivot via pivoting of the working arm relative to the support about the first pivot, and via operation of the first
actuator, and

wherein the pivoting mechanism is interposed (e.g. substantially centrally) between opposing lateral ends of the
working arm.

2. The working machine of claim 1, wherein a ratio of a distance between the fifth and seventh pivots to a distance
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between the fifth and sixth pivots is in the range of 1.69 to 2.30; optionally, wherein said ratio is in the range of 1.79 to
2.19; optionally, in the range of 1.89 to 2.09; for example approximately 2.0.

The working machine of any preceding claim, where a ratio of a distance between the fourth and seventh pivots to a
distance between the fifth and sixth pivots is in the range of 0.83 to 1.12; optionally, wherein said ratio of the distance
between the fourth and seventh pivots to the distance between the fifth and sixth pivots is in the range of 0.87 to 1.07;
optionally in the range of 0.92 to 1.02, for example approximately 1.0.

The working machine of any preceding claim, wherein a ratio of a distance between the fourth and fifth pivots to a
distance between the fifth and sixth pivots is in the range of 0.87 to 1.19; optionally, where said ratio of the distance
between the fourth and fifth pivots to the distance between the fifth and sixth pivots is in the range of 0.93 to 1.13;
optionally, in the range of 0.98 to 1.08, for example approximately 1.0.

The working machine of any preceding claim, wherein a ratio of a distance between the first and sixth pivots to a
distance between the fifth and sixth pivots is in the range of 0.93 to 1.27; optionally, wherein said ratio of the distance
between the first and sixth pivots to the distance between the fifth and sixth pivots is in the range of 0.99 to 1.21;
optionally, in the range of 1.05 to 1.16, for example approximately 1.1.

The working machine of any preceding claim, wherein the first actuator is configured to be pivotally mounted to the
implement or a further link of the pivoting mechanism at a further pivot, wherein a distance between said further pivot
and the seventh pivot increases and decreases when the first actuator extends and retracts respectively,

wherein a ratio of a minimum distance between said further pivot and the seventh pivot and a distance between
the fifth and sixth pivots is in the range of 2.67 to 3.62; optionally, in the range of 2.83 to 3.46; optionally in the range
of 2.99 to 3.30, for example approximately 3.1, and/or

wherein a ratio of a maximum distance between said further pivot and the seventh pivot and a distance between
the fifth and sixth pivotsisin the range of 4.44 t0 6.01; optionally, in the range of 4.70 to 5.75; optionally, in the range
of 4.96 to 5.49, for example approximately 5.2.

The working machine of any preceding claim, wherein the material handling assembly is configured such that a
maximum dumping angle of the implement relative to a ground plane of the working machine at a maximum horizontal
reach position of the second pivot is in the range of 50 to 80 degrees; optionally in the range of 60 to 75 degrees, for
example approximately 70 degrees, and/or

wherein the material handling assembly is configured such thata maximum dumping angle of the implementrelative to
a ground plane of the working machine ata maximum lift position of the second pivotis in the range of 40 to 60 degrees;
optionally, 45 to 55 degrees, for example approximately 50 degrees.

The working machine of any preceding claim, wherein the material handling assembly is configured such that an
overall maximum dumping angle of the implement relative to a ground plane of the working machine is in the range of
60 to 90 degrees; optionally, in the range of 70 to 85 degrees; optionally in the range of 80 to 85 degrees, for example,
approximately 83 degrees.

The working machine of any preceding claim, wherein the working arm comprises:

two opposed longitudinal structural members; and

a transverse connecting member connecting the structural members,

wherein the pivoting mechanism is supported by the connecting member, and

wherein aratio of a distance between a longitudinal axis of the connecting member and the first pivot to a distance
between the firstand second pivots is in the range of 0.50 to 0.68; optionally in the range of 0.53 to 0.65; optionally,
in the range of 0.56 to 0.62, for example approximately 0.59.

10. The working machine of any preceding claim, wherein the working arm comprises:

two opposed longitudinal structural members;

a transverse connecting member connecting the structural members; and

a first cantilever member projecting from the connecting member (e.g. substantially parallel to a longitudinal axis
of the working arm),

wherein both structural members are pivotally mounted to the support at the first pivot, and configured to be
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pivotally mounted to the implement at the second pivot, and wherein the first cantilever member is pivotally
mounted to the Z bar link at the fourth pivot; optionally, wherein each structural member comprises a plate
extending between the first and second pivots, and/or wherein the first cantilever member comprises a plate
extending between the connecting member and the fourth pivot.

The working machine of claim 10, wherein the working arm further comprises a second cantilever member projecting
from the connecting member (e.g. substantially parallel to the longitudinal axis of the working arm), wherein the
pivoting mechanism further comprises a tilt link and an implement link, the tilt link pivotally mounted to the second
cantilever member at an eighth pivot, the tilt link pivotally mounted to the implement link at a ninth pivot, the implement
link pivotally mounted to the first actuator at a tenth pivot, the implement link configured to be pivotally mounted to the
implement at the third pivot, wherein extension and retraction of the first actuator respectively increases and
decreases a distance between the seventh and tenth pivots so as to pivot the implement relative to the working
arm about the second pivot, in use; optionally, wherein the second cantilever member comprises a plate extending
between the connecting member and the eighth pivot.

The working machine of any preceding claim, wherein the working machine comprises a hydraulic circuit comprising
the first actuator and a supply of hydraulic fluid, wherein the first actuator comprises first and second ports in fluid
communication with the supply of hydraulic fluid, and configured such that supply of fluid to the first port extends the
first actuator such that fluid exits from the second port, and supply of fluid to the second port retracts the first actuator
such that fluid exits from the first port, wherein the material handling assembly comprises a passage connected to the
firstand second ports so as to transport fluid from the second to the first port, in use, wherein the passage bypasses the
supply of hydraulic fluid; optionally, , wherein the passage comprises a one-way valve configured to allow fluid to move
from the second port to the first port, and inhibit fluid moving from the first port to the second port, in use;
optionally, wherein the working arm comprises two opposed longitudinal structural members, and a transverse
connecting member connecting the structural members, and wherein the valve is mounted to the connecting member
proximate to the first actuator.

The working machine of any preceding claim, wherein the pivoting mechanism is configured to increase a crowding
angle of the implement relative to a ground plane of the working machine when the working arm is pivoted about the
first pivot so as to raise the second pivot relative to said ground plane, without operation of the first actuator, across
60% or more of a lifting range of the working arm; optionally, wherein the pivoting mechanism is configured to increase
said crowding angle of the implement across 70% or more of the lifting range of the working arm; optionally, across
80% or more of the lifting range of the working arm.

The working machine of any preceding claim, wherein, when the second pivot is at a minimum height above a ground
plane of the working machine and the implement is at a corresponding maximum crowding angle, the pivoting
mechanism is configured to increase the crowding angle of the implement relative to a ground plane of the working
machine when the working arm is pivoted about the first pivot so as to raise the second pivot relative to said ground
plane, without operation of the first actuator.

The working machine of any preceding claim, wherein the working arm comprises one or more cavities spaced from
any pivot; optionally, wherein the one or more cavities comprises at least one cavity extending substantially parallel to
a pivot axis of the second pivot, and/or wherein the working arm comprises two opposed longitudinal structural
members, and a transverse connecting member connecting the structural members, and wherein the transverse
connecting member comprises at least one of the one or more cavities; optionally, wherein an external surface of the
connecting member comprises an opening proximate the first actuator, said opening leading to the at least one cavity
in the connecting member.
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