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(57) Abrégée/Abstract:

A working machine includes a steerable, power driven ground engaging structure and a hydraulic actuator operated working part
for performing working operations, and a control apparatus which includes a mounting, a steering device for providing steering to
the ground engaging structure, and a manually operable control device for controlling operation of a hydraulic control valve which
In use selectively provides pressurised hydraulic fluid to the at least one actuator to operate the working part, the steering device
Including a steering wheel which includes an outer rim part which Is rotatable relative to the mounting, within an envelope of
rotation, about an axis, to turn a steering column which Is coaxial or substantially co-axial with the axis of rotation of the steering
wheel, the steering column being operatively connected to the ground engaging structure to effect steering of the machine when
turned, and the control apparatus further including a hub structure which Is located within or substantially within the boundary of
rotation of the outer rim part of the steering wheel, and a controller, the hub structure being fixed relative to the mounting and the
manually operable control device being provided by the hub structure and in use when operated, providing a signal to the controller
which responds by operating the hydraulic control valve.
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ABSTRACT

A working machine includes a steerable, power driven ground engaging structure
and a hydraulic actuator operated working part for performing working
operations, and a control apparatus which includes a mounting, a steering device
for providing steering to the ground engaging structure, and a manually operable
control device for controlling operation of a hydraulic control valve which in use
selectively provides pressurised hydraulic fluid to the at least one actuator to
operate the working part, the steering device including a steering wheel which
includes an outer rim part which is rotatable relative to the mounting, within an
envelope of rotation, about an axis, to turn a steering column which is coaxial or
substantially co-axial with the axis of rotation of the steering wheel, the steering
column being operatively connected to the ground engaging structure to effect
steering of the machine when turned, and the control apparatus further including
a hub structure which is located within or substantially within the boundary of
rotation of the outer rim part of the steering wheel, and a controller, the hub
structure being fixed relative to the mounting and the manually operable control
device being provided by the hub structure and in use when operated, providing

a signal to the controller which responds by operating the hydraulic control valve.
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Title: Working Machine with Steering and Control Device

Background to the Invention

This invention relates to a working machine having a control apparatus, the machine
including a steerable, power driven ground engaging structure and a hydraulic actuator
operated working part for performing working operations. Examples of machines to which
the present invention may be applied are loading machines and excavating machines and

tractors, which each include a transmission for driving the machine over the ground.

Most typically, steering of the ground engaging structure of such a machine is performed
using a steering wheel, which will be understood by those skilled in the art to include any
control which includes a continuous, or a plurality of separate, circular, or near circular
circumferentially extending manually graspable outer rim part or parts, which is or are
connected by one or more radially extending members to a centre part where the steering
wheel Is operatively connected to a steering column which In use is turned to effect
steering of the machine. Thus the steering wheel need not include an exactly circular

outer rim part.

Description of the Prior Art

It is known to provide such a steering wheel with a central hub which is rotatable with the
steering wheel, or the hub may even be an integral part of the steering wheel, and for the
hub to carry one or more control devices for controlling various services. However, where
the control devices are switches and the like, it is complex and costly to provide for

electrical connections between the rotatable hub and the remainder of the machine.



CA 02615593 2007-12-20

Conventionally for a working machine such as a loading and/or excavating
machine or a tractor, it is known for joystick or the like type controls to be
provided for controlling power operated auxiliary services of the machine, such
as for example a linear hydraulic actuator for lifting a loading or excavating,
working, arm of the machine, controlled by a hydraulic control valve. However,
operation of such joystick controls requires an operator to release the steering
wheel with at least one hand which is undesirable where the auxiliary service is

to be controlled simultaneously with driving and steering of the machine..

Summary of the Invention

According to the invention we provide a working machine which includes a
steerable, power driven ground engaging structure and a hydraulic actuator
operated working part for performing working operations, and a control apparatus
which includes a mounting, a steering device for providing steering to the ground
engaging structure, and a manually operable control device for controlling
operation of a hydraulic control valve which in use selectively provides
pressurised hydraulic fluid to the at least one actuator to operate the working
part. The steering device may include a steering wheel which includes an outer
rim part which is rotatable relative to the mounting, within an envelope of rotation,
about an axis, to turn a steering column which is coaxial or substantially co-axial
with the axis of rotation of the steering wheel, the steering column being
operatively connected to the ground engaging structure to effect steering of the
machine when turned. The control apparatus may further include a hub structure
which is located within or substantially within the boundary of rotation of the outer
nm part of the steering wheel, and a controller, the hub structure being fixed
relative to the mounting and the manually operable control device being provided
by the hub structure and in use when operated, providing a signal to the

controller which responds by operating the hydraulic control valve.
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Thus the machine may be provided with a control apparatus by which the
operator may effect steering of the machine and may operate the at least one
hydraulic actuator without having to release the steering wheel, and moreover,
because the hub structure which carries the auxiliary control device is fixed with
respect to the mounting, a considerably simplified and less costly solution is

provided compared to known control apparatus with rotatable hubs provided on

vehicles.

The hub structure may include a display device, such as a display screen, for
displaying the operational status of a function of the machine, such as for
example, the status of an engine of the machine, or the operational state of the at
least one hydraulic actuator or of the working part being controlled. The
iInformation displayed by the display device may be operator selectable.

The working part of the machine to be controlled may include a working arm
pivotally mounted at an inner end, to a frame of the machine, for movement
relative to the frame by a hydraulic actuator, and the working arm including a
plurality of relatively moveable parts which are relatively moveable by one or
more further hydraulic actuators, and the machine including a working implement
mounted at an outer end of the working arm and being moveable relative to the
working arm by one or more yet further hydraulic actuators, one of the hydraulic
actuators being the at least one actuator controlled by the manually operable

control device provided by the hub structure of the control apparatus.

The hub structure may provide a plurality of manually operable control devices
each of which is operable when actuated to provide a signal to the controller
which responds by operating a respective hydraulic control valve which then
provides pressurised hydraulic fluid to a respective hydraulic actuator of the

working arm and working implement,
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If desired, the functions of the plurality of the manually operable control devices
may be re-configurable, for example, using a processor controlied menu feature
of the display device where this is provided, to enable the control devices to

control alternative hydraulic actuators.

Preferably the or each manually operable control device provided by the hub
structure is operable by the operator’s fingers and/or hand whilst the operator is
holding the outer rim part of the steering wheel, although the hub structure may
include additional control devices which to operate, require the operator to
release the outer rim part of the steering wheel. However preferably such
additional control devices are not generally required to be operated whilst the

machine is in motion such that simultaneous steering is not likely to be required.

The steering wheel preferably includes a single continuous outer rim part which is
circular or substantially circular, and at least one radially extending member
which connects the outer part to a centre part which is operatively connected to
the steering column of the machine. At least for a machine which must comply
with road regulations, the steering column may be mechanically operatively
connected to a steering structure of the ground engaging structure. For example
the steering column may extend to a steering box which, via direct mechanical
transmission, usually with power operated assistance, effects steering of wheels
of the ground engaging structure when the steering wheel is rotated. Preferably
though the steering column extends to a steering structure which includes a
hydraulic valve, which provides pressurised hydraulic fluid to one or more
hydraulic actuators to effect steering.

In each case rotation of the steering wheel causes rotation of the steering
column. Whereas the centre part of the steering wheel may be mechanically fast
with the steering column, desirably the steering device includes a sun gear

carried fast with the steering column, and the centre part of the steering wheel

Includes a ring gear which when rotated, turns the sun gear and hence the
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steering column, by rotating one or more planet gears which are provided
between and mesh with the sun and ring gears. Thus the steering column will be
rotated in a direction opposite to that which the steering wheel is rotated about its
axis of rotation, and at a relative rotational speed suitable for input to the

hydraulic valve where provided, depending upon the ratios of the ring, sun and

planet gearing.

In the case of a machine having rear ground engaging wheels which are
steerable, to effect steering of the machine, these would need to turn oppositely
to the direction of rotation of the steering wheel to effect steering when the
machine is travelling in a forwards direction and thus with the arrangement
described, the steering column may mechanically be connected direct to the
steerable rear ground engaging wheels, or to a suitably configured hydraulic
valve, but in the case of a machine having front ground engaging wheels which
are steerable, these would need to turn in the same direction to the direction of
rotation of the steering wheel to effect steering, which may be arranged by
suitable configuration of hydraulic circuitry of the machine. In the case of a
machine in which both the front and rear ground engaging wheels may be turned

to effect steering, again hydraulic circuitry of the machine would need to be

configured appropriately.

In a preferred construction, the hub structure includes an axially outer part which
lies substantially alongside the circumferentially extending outer rim part of the
steering wheel, and an axially inner part which is affixed to the mounting of the
control apparatus, with the centre part of the steering wheel between the axially
inner and outer hub parts. The axially outer hub part may be configured such that
one or more control devices provided on the axially outer hub part, are closely
adjacent to the circumferentially extending rotatable outer rim part of the steering

wheael.
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Desirably, the steering wheel includes a manually engageable spinner device
which may be used to rotate the steering wheel as an alternative to the operator
holding and rotating the outer rim part of the steering wheel, the spinner device
including a manually graspable part which is rotatable relative to the steering
wheel about a spinner axis parallel to but spaced from the axis of rotation of the

steering wheel.

The spinner device may include at least one spinner mounted operator control
device. To avoid any requirement for electrical connections between the spinner
mounted operator control device and any remotely located controlled service,
desirably the spinner device includes a wireless transmission function for
transmitting signals to the controller when the manually operable auxiliary service
control device is actuated, whereby the remote service may be controlied without
being electrically connected to the spinner mounted operator control device or

devices.

Desirably the spinner device is dismountable from the remainder of the steering
wheel, e.g. to enable the spinner device to be connected to an electrical charging
device whereby a battery of the spinner device may be recharged. Desirably the
steering wheel provides alternative mounting positions for the spinner device,
e.g. so that the steering wheel may be reconfigured for right or left handed

spinner device operation.

If desired, the manually operable control device or devices provided by the hub
structure, when actuated, signal the controller via a wireless transmission

function to control the or a respective, hydraulic actuator.

Brief Description of the Drawings

Embodiments of the invention will now be described with reference to the

accompanying drawings in which:-
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FIGURE 1 is an illustrative side view of a working machine in accordance with

the present invention;
FIGURE 2 is a plan illustrative view of a control apparatus of the machine of

figure 1;
FIGURE 3 is a perspective and exploded illustrative view of part of the control

apparatus of figure 2,
FIGURE 4 is a perspective partially assembled illustrative view of the part of the

control apparatus of figure 3;
FIGURE 5 is an illustrative view of the control apparatus of figures 2 to 4, a

controller and hydraulic control valves.

Description of the Preferred embodiments

Referring to figures 1 and 5 of the drawings, a machine 10 to which the present
invention is applied is in this example, a loading machine having a ground
engaging structure 11 provided by two pairs of ground engaging wheels 13, 14,
one pair of wheels 13 in this example, being front, steerable wheels, and the
other pair of wheels 14 being rear wheels (which may or may not alternatively or
additionally to the front wheels be steerable), with all four wheels 13, 14 being
power drivable from an engine 15 via a suitable transmission T, which may be a

mechanical transmission, or of the hydrostatic kind.

The machine 10 includes a working arm which in this example is a loading arm
18 pivotally mounted to a frame F of the machine 10 for pivoting movement about
a generally horizontal axis H. Such a loading arm 18 usually includes a plurality
of telescopic parts or stages, e.g. two stages 18a, 18b in this example, whereby
the arm 18 is linearly extendible and retractable, by means of one or more e.qg.
internal or external hydraulic actuators 17, and the arm 18 being raisable and
lowerable by one or more lifting hydraulically operated actuators 19. A loading

forks 20 or other working implement is provided at an outer end of the loading
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arm 18, and may be manipulated about a pivot axis B by another one or more

hydraulically operated actuators 21, to crowd and dump.

The machine 10 is driven, steered, and the various auxiliary services, i.e. the
hydraulic actuator(s) 17 internally of the loading arm 18 and the hydraulic

actuators 19, 21 etc. are controlled from within an operator’s cab.

Referring to figures 3 and 4, the control apparatus 30 includes a steering device
which includes a steering wheel 32, and a plurality of manually operable control

devices provided by a hub structure 33, mounted by a mounting 31 which is fixed

relative to the frame F of the machine 10.

The steering wheel 32 includes a continuous outer rim part 34 which in this
example is substantially circular, which is connected by one or a plurality of

radially extending members 35, to a centre part 36.

The steering wheel 32 is rotatable by an operator, about an axis A, which has the
effect of turning a steering column 39 of the machine 10. In this example, the
steering column 39 extends to a hydraulic control valve H, which is operative to
provide pressurised hydraulic fluid via a suitable hydraulic circuit, to one or more
steering actuators (not shown) which are effective to turn the front wheels 13 to

steer the machine 10 via steering rods R.

The steering wheel 32 is operatively connected to the steering column 39 as

follows.

The steering column 39 is mounted by the control apparatus mounting 31 to
rotate relative thereto, and the column 39 extends axially to within the centre part
36 of the steering wheel 32. A sun gear 29 of the steering device is fast with the
steering column 39, and meshes with each of a plurality, three in this example,

planet gears 37 which also mesh with an internal ring gear 38 provided by the
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centre part 36. The planet gears 37 are mounted by a plate 40 which has a
central opening 41 large enough for the sun gear 29 to extend through, the plate

40 being secured as described below, to the mounting 31.

By virtue of the meshing sun 29, planet 37 and the ring gears 38, it will be
appreciated that as the steering wheel 32 is rotated about is axis A, the steering
column 39 will be turned about axis A in an opposite direction and possibly at a
differential rotational speed to the turning speed of the outer rim part 34 of the
steering wheel 32, depending upon the gearing ratios. The hydraulic circuitry of
the steering hydraulic valve H thus needs to be configured so that, in this
example, the front wheels 13 of the machine 10 turn in the same direction to the

direction in which the steering wheel 32 is turned about its axis A.

The hub structure 33 of the control apparatus 30 includes an axially inner part
shown at 43, and an axially outer part shown at 44. The outer rim part 34 of the
steering wheel 32 when rotated, defines a boundary of rotation. The hub
structure 33 is wholly contained, or at least substantially wholly contained within

the boundary of rotation of the rim part 34.

The axially inner part 43 extends radially of steering axis A, with an opening 45
large enough for the sun gear 29 to extend through. The axially inner part 43 lies
axially outwardly of and adjacent to a transversely extending receiving part 47 of
the mounting 31. The plate 40 which mounts the planet gears 37 lies axially
outwardly of and adjacent to the axially inner hub part 43. The centre part 36 and
ring gear 38 lie axially outwardly of and adjacent to the plate 40 mounting the
planet gears 37, and the axially outer hub part 44, lies axially outwardly of and

adjacent to the centre part 36 of the steering wheel 32.

The axially outer part 44 of the hub structure 33 has an opening 49 to receive an
end of the steering column 39, and three radially outer openings 51 to receive

fasteners (not seen). The fasteners extend though and secure, the axially outer
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hub part 44, through the centre part 36 of the steering wheel 32, through and
mounting the planet gears 37, through openings in the plate 40, and openings in
the axially inner hub part 43, to the receiving part 47 of the mounting 31 where
the fasteners are secured. The steering wheel 32 is thus able to rotate about its
steering axis A, with suitable bearings being provided between the centre part 36
and each of the plate 40 which mounts the planet gears 37, and between the

axially outer hub part 44 and the centre part 36 of the steering wheel 32.

Figure 4 shows the assembled control apparatus 30 but with the axially outer hub

part 44 not present, for clarity.

Referring specifically to figure 2, the hub structure 33 carries various manually
operable control devices as will now be described. It will be appreciated that the
configuration of the axially outer hub part 44 shown in figure 3 is purely

llustrative. Figure 2 shows the outer hub part 44 as it may appear in practice.

The hub structure 33, by virtue of being fixed as described above to the mounting
31, will not rotate as the steering wheel 32 is rotated, but the various manually
operable control devices for the hydraulic actuators and other auxiliary services,
or at least those which it may be required to operate whilst the machine 10 is in
motion and being steered, are accessible by the operator's hand or fingers,
without the operator needing to remove either of his hands from the outer rim part

34 of the steering wheel 32.

In this example, the axially inner hub part 43 carries three bi-directional manually
operable control devices 50, 51, 52 adjacent to the outer rim part 34 of the
steering wheels 32 so that the operator may simultaneously operate the control
devices 90, 51, 52 and effect steering. The control devices 50. 51 and 52 are
configurable to control and operate hydraulic actuators 17, 19, 21 etc. of the

loading arm 18 and the working implement 20.

10
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Thus the control devices 50, 51, 52 may be configured so that pushing down of
the device 50 for example, causes the arm 18 to lower, and pulling of the device
50 causes the arm 18 to be raised, by appropriate operation of the lifting actuator
19, and so that pushing down of the control device 51 causes the loading arm 18
to extend and pulling of the device 51 causes the loading arm 18 to retract by
appropriate operation of the internal actuator(s) 17, and pushing down of control
device 52 causes the working implement 20 to crowd, whilst pulling of the device

52 causes the working implement to dump, by appropriate operation of the

actuator 21.

The control devices 50, 51, 52 are electrically connected by electrical cabling 16
(see figure 5) to a machine controller C which is in turn, electrically connected to
respective electrically operated hydraulic control valves V1, V2 V3, to achieve the

loading arm 18/working implement 20 functions described.

Of course the configurations of the control devices 50, 51, 52 i.e. which control
device operates which hydraulic actuator 17, 19, 21, is purely exemplary, and by
virtue of the electrical system and machine controller C, alternative configurations
to achieve operation of different actuators 17, 19, 21 by different manually
operable control devices 50, 51, 52 may be arranged as desired, by re-

configuring the control devices.

The hub structure 33 in this example further includes on the radially outer part 44,
three additional control devices which in this example are button switches “D” for
selecting forward drive, “N” for selecting neutral drive, and “R” for selecting
reverse drive. These switches D, R and N are electrically connected to the
controller C of the machine 10 to control other auxiliary services namely a
mechanical transmission controller or hydraulic valves of a hydrostatic
transmission, to control the machine 10 to be driven, forwardly or in reverse by

operating the appropriate switch D or R (typically in combination with a foot pedal

control), or the transmission may be put in neutral by selecting switch N.

11
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These additional control devices D, R and N may require for operation, the
operator to remove a hand from the outer rim part 34 of the steering wheel 32,
but as a change of driving mode is desirably only selected when the machine 10

Is stationary, steering is not simultaneously required.

The axially outer hub part 44 also has other additional manually operable control
devices being a pair of selector button switches A1 and A2 which may be
configured to enable alternative auxiliary services to be selected for control by
the control devices 50, 51, 52 which are carried by the radially inner hub part 43,
and a further pair of selector button switches A3, A4 which could be configured to
operate an auxiliary service such as a rapid steering function, for example to turn

the forward steerable wheels 13 a quarter turn in one or other direction.

There are shown mounted on the axially inner hiub part 43, three alternative

control devices 50a, 51a, and 52a which may be configured like the devices 50,
901, 52 already described to operate and control the loading arm 18 and the
working implement 20, alternatively or additionally to the control devices 50, 51,

52, for example for use by a left handed machine operator.

It can be seen from figure 2 that the axially outer hub part 44 also carries further
control devices 53, 54 adjacent the respective control devices 50, 51, 52 and
alternative control devices 50a, 51a, 52a, which further control devices 53, 54

may be used to control other features of one or more of the auxiliary services
described, such as for example the flow rate of pressurised hydraulic fluid used

for operating the or one of the auxiliary services.

The axially outer hub part 44 includes a display screen 55 which displays
information relating to operating functions of the machine 10. For example, the
display screen 55 may be configured to display information relating to the

machine engine 15 functionality, such as engine speed, oil pressure status and

12
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so on, or the display screen 55 may be configured to display information relating

to the drive status, or auxiliary services functions status of the machine 10.

What is displayed may be selectable by the operator, operating display screen

controls (not shown), or the screen 55 may be touch sensitive to enable selected

iInformation to be displayed.

It is envisaged that the display screen 55 may be used to configure the various
control devices 50, 51, 52 and alternative control devices 50a, 51a, 52a, the
further control devices i.e. the switch buttons D, R and N and the further control
devices 53, 54, as well as the selection buttons A1, A2, A3 and A4, to
operate/control different machine functions, for example by the display screen 55

displaying a selection menu.

In each case it will be appreciated that because the hub structure 33 is fixed
relative to the mounting 31 and hence to a frame of the machine 10, that
providing electrical connections to the various control devices 50, 51, 52 or 50a,
o1a, 52a, additional control devices D, R and N, further control devices 53, 54
and selector switches A1, A2, and to the display screen 55 does not require

connections to an electrical system of the machine 10 via the rotatable steering
wheel 32.

In figure 2, it can be seen that the steering wheel 32 is provided with a spinner
device 60, so that a machine operator can rotate the steering wheel 32 with one
handed operation. The spinner device 60 includes a manually graspable part 61
which is rotatable relative to the remainder of the steering wheel 32 about a
spinner axis B which is parallel to but spaced from steering wheel axis A. The
spinner device 60 is shown engaged with a radially extending steering wheel
member 35 in a position most suitable for operation by a right handed driver.
However the steering wheel 32 may provide an alternative spinner device

mounting position P as desired, so that the spinner device 60 may be selectively

13
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engaged with the steering wheel 32 in another position more suitable for a left

handed machine operator.

The spinner device 60 includes a pair of spinner manually operable control
devices being button switches 63, 64 which again may be configurable to control
any desired auxiliary service, such as in this example, forward or reverse driving

direction, so that an operator can change driving direction when using the spinner

device 60 for steering.

Preferably, to avoid the need for any electrical connections from the rotatable
spinner device 60 via the rotatable steering wheel 32 to e.qg. an electrical system
of the machine 10, the spinner device 60 incorporates a wireless transmission
function whereby a remote hydraulic actuator or other auxiliary service (which
may be a hydraulically or electrically powered service), may be controlled without
being electrically connected to the spinner device controls 63, 64. This is
achieved by actuation of a spinner control device 63, 64, resulting in appropriate
signals being transmitted to the controlier C which thus includes a receiver for

such wireless signals.

If desired to avoid the need for the electrical cabling between the hub structure
33 and the controller C, at least, if not all the cabling 16 may be replaced by a
wireless transmission function so that operation of the or any of the manually
operable control devices provided by the hub structure 33, results in appropriate

signals being issued to the controller C which responds by operating an
appropriate hydraulic control valve V1, V2, V3 and hence a hydraulic actuator, or

another e.qg. electrically powered service.

The spinner device 60 may incorporate a battery to power the wireless
transmission function, which battery may be recharged or replaced whilst the

spinner device 60 is removed from the remainder of the steering wheel 32.

Where the hub structure 33 includes a wireless transmission function, the hub

14
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structure 33 may include a battery, or this may be powered by power provided via

cabling.

It will be appreciated that the examples given as to the nature of the machine 10
with which the present invention may be employed, the layout of the configurable
controls etc. and the mechanical connection between the steering wheel 32 and
the steering column 39 are purely exemplary and other configurations are

possible.

In the examples described, the steering column 39 is connected to the steerable
ground engaging structure 11 through a hydraulic steering valve H, but in another
arrangement there may be a steering bax by means of which the steering column
39 is mechanically directly connected to to the wheels 13 and/or 14, with power
assistance as required. This would make the machine compatible with
regulations applicable for machines and vehicles to be driven on public roads.
FFor a purely off road machine, or in territories where such road regulations do not

apply, the steering column 39 may operate an electrically operated steering

system.

15
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CLAIMS

1. A working machine which includes a steerable, power driven ground engaging
structure and a hydraulic actuator operated working part for performing working
operations, and a control apparatus which includes a mounting, a steering device for
providing steering to the ground engaging structure, and a manually operable control
device for controlling operation of a hydraulic control valve which In use selectively
orovides pressurised hydraulic fluid to at least one actuator to operate the working part,
the steering device including a steering wheel which includes an outer rim part which IS
rotatable relative to the mounting, within an envelope of rotation, about an axis, to turn a
steering column which is substantially co-axial with the axis of rotation of the steering
wheel, the steering column being operatively connected to the ground engaging structure
to effect steering of the machine when turned, and the control apparatus further including
a hub structure which is located substantially within the envelope of rotation of the outer
rim part of the steering wheel, and a controller, the hub structure being fixed relative to
the mounting and the manually operable control device being provided by the hub
structure and in use when operated, providing a signal to the controller which responds

by operating the hydraulic control valve.

2. A machine according to claim 1 wherein the hub structure includes a display
device for displaying the operational status of a function of the machine, the information

displayed by the display device being operator selectable.

3. A machine according to claim 1 in which the working part of the machine includes
a working arm pivotally mounted at an inner end to a frame of the machine, for movement
relative to the frame by a hydraulic actuator, and the working arm including a plurality of

relatively moveable parts which are relatively moveable by one or more further hydraulic

actuators. and the machine including a working implement mounted at an outer end of the
working arm and being moveable relative to the working arm by one or more yet further
hydraulic actuators, one of the hydraulic actuators being the at least one actuator

controlled by the manually operable control device provided by the hub structure of the

control apparatus.

4. A machine according to claim 3 wherein the hub structure provides a plurality of
manually operable control devices each of which is operable when actuated to provide a

signal to the controller which responds by operating a respective hydraulic control valve

16
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which then provides pressurised hydraulic fluid 10 a respective hydraulic actuator of the

working arm and working implement, the functions of the plurality of the manually

5. A machine according to claim 1 wherein the manually operable control device
provided by the hub structure is operable by the operator’s fingers and/or hand whilst the
operator is holding the outer rim part of the steering wheel. and the hub structure includes
additional control devices which to operate, require the operator to release the outer rim

part of the steering wheel.

0. A machine according to claim 1 wherein the steering wheel includes a single
continuous outer rim part which Is substantially circutar, and at least one radially
extending member which connects the outer rim part to a center part which is operatively

connected to the steering column of the machine. and the steering column is oneé of

effect steering.

7. A machine according to claim 1 wherein the steering device includes a sun gear
carried fast with the steering column, and a centre part of the steering wheel includes a
ring gear which when rotated. turns the sun gear and hence the steering column, by

rotating one or more planet gears which are provided between and mesh with the sun

and ring gears.

8. A machine according to claim 1 wherein the hub structure includes an axially outer
part which lies substantially alongside the circumferentially extending outer rim part of the
steering wheel, and an axially inner part which is affixed to the mounting of the control
apparatus, with a centre part of the steering wheel between the axially inner and outer
hub parts, and the axially mner hub structure part is configured such that one or more
control devices provided on the axially inner hub part, are adjacent to the circumferentially

extending rotatable outer steering wheel rim part.

9. A machine according to claim 1 wherein the steering wheel includes a manually
engageable spinner device which is useable to rotate the steering wheel as an alternative
to the operator holding and rotating the outer rim part of the steering wheel, the spinner

device including a manually graspable part which is relatively rotatable to the steering

17
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wheel about a spinner axis parallel to but spaced from the axis of rotation of the steering

wheel.

10. A machine according to claim 9 wherein the spinner device includes at least one

spinner mounted manually operable auxiliary service control device for controlling a

remote function.

11. A machine according to claim 10 wherein the spinner device is dismountable from
a remainder of the steering wheel and the steering wheel provides an alternative

mounting position for the spinner device.

12. A machine according to claim 10 wherein the spinner device includes a wireless

transmission function for transmitting signals to the controller when the manually operable
auxiliary service control device IS actuated, whereby the remote service Is controllable

without being electrically connected to the spinner mounted operator control device or

devices.

13. A machine according to claim 1 wherein the steering column is coaxial with the

axis of rotation of the steering wheel.

14, A machine according to claim 1 wherein the hub structure is located within the

envelope of rotation of the outer rim part of the steering wheel.

19. A machine according to claim 6 wherein the outer rim part of the steering wheel is

circular.
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