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69 Earthmoving machine,

6) An earthmoving machine primarily for land drainage and
irrigation purposes has a pivotally mounted boom (8) carrying an
arm (12) pivoted at one end to one end of the boom and having a
bucket (14) or the like attached at its other end. At the end of the
arm which is pivoted on the boom a quadrant (20) is formed
around which passes a pendant cable (18) attached to a counter-
weight (22) which is slidable. The counterweight, and thus the
arm, may be moved by a ram (24) so that radially outwards
movement of the arm (12) is accompanied by outwards move-
ment of the counterweight (22) along the end of the boom in the
opposite direction to balance the machine. A draw-in rope or
cable (26) is attached to the free end of the arm in order to draw-in
the arm towards the pivot axis of the boom, the ram (24) and
draw-in rope winch (25) being hydraulically connected so that the
one is operative when the other is in neutral and vice versa.
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PRIESTMAN BROTHERS LIMITED. Ref: 90/2512/02

EARTHMOVING MACHINE

The present invention relates to earthmoving
machines and 1in particular to machines intended

primarily for land drainage and irrigation purposes,
but also for more standard excavator applications.
Conventionally, draglines have been used for
dredging and/or reshaping of drainage channels, such
draglines being available in a wide range of sizes to
suit particular jobs. However, the great
disadvantage of using a dragline is that it demands a
great deal of operator skill due to 1its flexible
action which necessitates a high level of control to
achieve accurate working. Furthermore, a dragline is
ineffective on the far slope of a drainage ditch or
water-course and the Dbucket needs to be 1long and
relatively narrow with teeth, which 1is not conducive
to neat trimming of the slopes or so-called "batters"”.
More recently, conventional hydraulic backhoes

with extended booms and arms and wide shallow buckets
have been used at the lower end of the size range, in

place of draglines, the weight of the extended boom

and arm being counter-balanced by the conventional
fixed counterweight on the tail of the bed plate of

the machine. Although the longreach backhoe

overcomes some of the operational problems of
draglines and to a 1large extent reduces the skill

required for operation as the equipment is rigid, the

angle of the bucket being variable at will and ram
power being available for penetration, the equipment

is so heavy that the actual permissible payload is

usually very small and the machine requires a heavy
counterweight which tends to make it tail heavy.

Furthermore, a low unit ground pressure can only be
achieved by fitting long wide tracks and even with
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these fitted the machine is inclined to rock and to
sink itself into soft ground.

It is known, see for example DE-A-3126324, to
provide a travelling crane with a counterweight which
can be moved, under the influence of a hydraulic ram,
to different positions to provide counterbalancing of
the crane for different operating jib lengths.
Furthermore, it is known from, for example,
EP-A-0033060, to provide a pivoting counterweight on
an excavating machine with a grab.

GB-A-1110475 shows an earthmoving machine having
a rotary bucket wheel mounted on the edge of the boom
and a counterweight mounted to counterbalance the
boom, the counterweight being movable to adjust its
position to compensate for changes in the
counterweight's position as a result of pivoting of
the boom.

According to the present invention there is

provided an earthmoving machine comprising a boom (8)
pivotally mounted intermediate its ends about a

generally horizontal axis (9), an arm (12) pivotally
mounted at one end of the boom, and a counterweight
(22), the counterweight (22) and arm (12) are
connected so that the counterweight is movable
outwardly simultaneously with radial outward pivoting
of the arm (12) in the opposite direction relative to
the pivot axis (9) of the boom in order to maintain
the desired degree of balance of the machine,
characterized by the end of the arm (12) remote from
the boom (8) being attached to a cable (26) which
extends from a winch (25) mounted on the machine
remote from the pivot point of the arm on the boonm,
whereby the arm can be drawn inwards towards the
pivot point (9) of the boom (8) by means of the winch.
Preferably the arm is moved by one or more
cables attached to the counterweight and the
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counterweight is actuated directly by one or more
hydraulic rams so that movement of the ram controls
movement of the counterweight and, simultaneously,
movement of the arm. In order to maintain direct
cable pull on the arm to provide for constant 1load
application the or each cable may be passed around a
respective quadrant concentric with the pivot point
of the arm on the boom.

By constraining the counterweight and arm to
move in sympathy with one another the movement of the
centre of gravity of the machine is 1limited thus
providing considerable benefits 1in terms of machine
operation stability, reduced slewing inertia and,
above all, allowing higher payloads to be handled at
larger working radii. Furthermore, by enabling the
arm, carrying in use a conventional bucket or other
equipment, to be moved towards or away from the pivot
point of the boom by means of the winch and cable and
pendant cables respectively, the conventional
hydraulic ram operating between the arm and boom can
be dispensed with allowing the arm and boom to be of
a lighter construction. This is possible because the
use of a hydraulic ram between the arm and boom
causes high 1lo0ad stresses in the arm and boom
adjacent its mounting points and also because the arm
and boom have to be able to support considerable
bending moments when the bucket or other equipment 1is
being drawn radially inwards during digging. By
operating the arm by cables as described the
functions of the boom and arm are changed so as to
provide merely guidance and load lifting so that they
do not require to be bulky elements associated with
the heavy highly stressed elements which are
necessary to withstand big ram-thrusts as on a
conventional backhoe.

The winch motor and counterweight ram can be
controlled from the same operating lever, movement of
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the lever in one direction causing operation of the
winch motor with the ram being placed 1in neutral and
movement of the 1lever in the opposite direction
causing extension of the ram with the winch motor
being placed in neutral. By such hydraulic
interconnection between the operating motor of the

winch and the ram operation of the two together can
be avoided thus preventing mutually exclusive

movements of the machine being attempted together and
preventing any damage.

Alternatively, if ram power 1is required on the
arm between the boom and arm then the ram controlling
operation of the arm relative to the boom and the
hydraulic ram controlling operation of the
counterweight can be connected to extend and retract

respectively simultaneously to maintain the balance
of the machine.

One example of a machine constructed in

accordance with the present invention will now be
described with reference to the accompanying drawings
in which:-

Figure 1 1is a side elevational view of the
machine;

Figure 2 is a second side elevational view of

the machine with a modified boon and arm
configuration; and,

Figure 3 is a block diagram of part of the

hydraulic control system of the machine.
The machine shown in Figure 1 comprises a

chassis 1 which mounts a pair of endless tracks 2

which are arranged to be driven, when required, by a
hydraulic motor (not shown) supplied by a hydrostatic

pump (39, Fig. 3). On the chassis 1 a superstructure

3 is mounted by means of a slewing ring 4, thus
enabling the superstructure to be turned to any

desired position. The axis of the slewing ring is
shown as 4°'. The superstructure 3 includes a
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conventional cab 5 for the operator, together with a
machinery housing 6 and safety fender 7. The

superstructure mounts a boom 8 on a substantially
horizontal pivot axis 9, the boom 8 being arranged in
two halves 8', 8", the two halves being connected
together at a flanged 3joint 10, pivot 10' or
alternative type of connection. To raise or lower
the boom a conventional hydraulic ram 11 is employed.
At the end of the boom remote from the

superstructure an arm 12 is pivotally mounted, about
an axis 13, the arm in turn carrying a Dbucket 14.

The bucket 14 is pivoted about an axis 15 and a
conventional linkage 16, which can be powered by a
further hydraulic ram 17, 1is wused to control the
position of the bucket on the end of the arm. As 1is
conventional, the fitting at the end of the arm is
adapted to receive buckets of different sizes to suit
particular conditions.

To control the angle of the arm relative to the
boom a pair of pendant cables 18 (one shown) are
attached to the arm at a point 19. The cables 18
pass over a quadrant 20 which is formed or mounted at
the end of the arm 12 so as to be concentric with the
pivot point 13 of the arm 12 on the boom 8. The
pendant cables 18 extend to adjustable fittings 21
mounted on the forward end of a counterweight 22
which is slidable by means of rollers (not shown) on
a trailing portion 23 of the boom 8. The position of
the counterweight is controllable in turn by means of
a further hydraulic ram 24. '

A hydraulically powered winch drum 25 1is mounted
in an underslung position below the boom 8 and a

draw~in cable 26 wound on the winch drum 25 extends

from the winch drum to a mounting 27 on the arm
adjacent the mounting point of the bucket.

In use the bucket 14 is positioned by extension
or retraction of the boom ram 11 (to vary the angle
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of the boom) and by extension of the ram 24 which,
through the counterweight 22, the fittings 21 and the
pendant cables 18, adjusts, in the outward direction,
the angular position of the arm relative to the
boom. The angle of the bucket relative to the end of
the arm can be controlled by extension or retraction
of the hydraulic ram 17. Once the bucket has
penetrated the earth or scooped up the material to Dbe
collected the winch drum 25 1is operated to draw in
the rope 26 thus pulling in the bucket towards the
superstructure for subsequent disposal of the spoil
at a suitable position.

It will be appreciated that the sliding
counterweight 22 moves in aympathy with the arm and
bucket at all times so that as the bucket moves out
to the digging position so the counterweight slides
to the rear to maintain the balance against the
forward load, and vice versa. This has the effect of
limiting the movement of the centre of gravity of the
machine with benefits in terms of stability, reduced
slewing inertia and, above all, allowing significant
payloads to be handled at full outreach of the
machine. Furthermore, balancing the weight of the
arm and load by means of the counterweight reduces
the effort required to operate the machine and
enabling an engine of 1lesser horsepower than would
otherwise be required to be fitted to the machine.
In addition, the direct pull imparted by the draw-in
cable 26 provides a most powerful and efficient form
of energy for drawing-in the bucket and eliminates
the need to design for the massive forces exerted at
the arm head by conventional ram power which, when
transmitted through the arm to the bucket to aid
penetration, demand a suitably heavy structure. The
use of draw-in cable results in bigger bucket
capacity and more output. The guadrant 20 is
provided so as to maintain the pendant cables 18 at a
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constant radial distance from the arm pivot point 13
throughout the operating cycle to provide a constant
moment arm. Thus, unlike a hydraulic ram, a constant
load application can be provided which contributes to
arm efficiency in handling larger buckets at maximum
radius.

It will be appreciated that the position of the
winch may be varied from that shown, and may for
example be mounted directly on the superstructure.

By arranging for an effective interlock between
the controls for the counterweight ram 24 and winch
drum 25 it is possible to avoid accidental actuation
of the winch when the ram 24 is being extended.

Obviously, were such to occur then serious
structural damage could occur before the draw—-in
cable 26 breaks. This is most simply achieved (as
will be described in further detail), by arranging
for the operating lever which controls actuation of
the ram 24 also to control operation of the winch
drum 25, the lever being arranged so that 1in, for
example, a forward position, the ram 24 is extended
and thus the arm 12 swung outwards whilst the winch
motor is in neutral, opposite movement of the lever
causing the ram 24 to be put into neutral and the
winch drum 25 rotated to draw-in the cable 26.

As mentioned above, the boom 8 1is split at a
flanged joint 10. This joint 10 and a pivot point
10' enable a conventional back-hoe assembly 30 to Dbe
fitted to the machine as shown in Figure 2.

Figure 2 shows the lower half of the boom 8°'
fixed, by means of the pivot 10', to a boom part 8'''
forming the boom of a conventional backhoe assembly
30. In practice, the machine shown in Figure 1 can
be modified in the form shown in Figure 2 in a short
space of time, simply by removing the arm 12, boom
part 8" and cables 18 and fitting the back hoe
assembly 30. The boom part 8''' 1is additionally
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fixed in position by means of a pair of stays 31

fixed at one end to the boom 8' (as shown, to the
mounting point of the ram 11) and at the other end to
the arm 8''' at one of two bolt positions 32, 33.
The boom part''' mounts an arm 34 on a pivot 35, the

position of the arm 34 relative to the boom being

controlled by means of a conventional hydraulic ram
36 and the bucket 37 mounted on the end of the arm 34
likewise being controlled by a similar ram 38. To
achieve dynamic balancing of the modified machine in
use the control lines which in the unmodified machine
feed the winch motor are connected instead to the ram

36 in such a way that retraction of the ram 36 causes
simultaneous extension of the ram 24 and vice versa,

thereby causing the counterweight 22 and arm 34 to

move in sympathy with one another to maintain the
required balance.

Figure 3 shows part of the hydraulic control

system of the machine, and in particular that part of
the control system relating to the control of the

counterweight ram 24 and the draw-in cable winch drum
25. The diagram is schematic and is simplified in
order to ease understanding.

A hydrostatic pump 39 draws hydraulic fluid from

a sump 40 and passes it though feed 1lines 41 and 42
to a control 1lever valve 43 and a pilot operated

control valve 44. The control 1lever valve 43 is

shown diagrammatically to include a pair of valves
43' which are interconnected so that when one valve

supplies fluid from the pump 39 to the pilot operated

control valve 44 through one of the two supply lines
45, 46, the other valve 43' allows reverse flow

through exhaust line 47 to the sump 40.

The pilot operated control valve 44 is shiftable
between three positions, a central, neutral position,
a left hand position (right hand side of the control
valve spool as diagrammatically shown) in
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which hydraulic fluid is directed to the draw-in
winch drum motor 25' for operation to draw-in the
cable, 26, the counterweight ram 24 being allowed to
drain, and a right hand position (left hand side of
the control valve spool as diagrammatically shown) in
which hydraulic fluid is directed to the ram 24 to
extend it, the winch drum motor 25' being allowed to
unwind in neutral. In the neutral position of
control wvalve 44, hydraulic fluid flows straight
through the control wvalve and back to the sump 40.

Fluid from the pilot operated control valve 44
to the ram 24 and mnotor 25' 1is fed respectively
through valve systems 48 and 49 interconnected to
enable one or the ram 24 and motor 25' to be allowed
to drain when the other is being fed from the control
valve 44. The valve systems 48 and 49 each include a
pressure relief valve so that if anything causes the
ram 24 or winch motor 25' to be overloaded with the
spool in neutral, the relief valve blows and excess
fluid is discharged to the sump.

The valve 50 prevents cavitation (or oil
starvation) when the winch motor 25' is unwinding.
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CLAIMS

1. An earthmoving machine comprising a boom (8)
pivotally mounted intermediate its ends about a
generally horizontal axis (9), an arm (12) pivotally
mounted at one end of the boom, and a counterweight

(22), the counterweight (22) and arm (12) being
connected so that the counterweight is movable

outwardly simultaneously with radial outward pivoting
of the arm (12) in the opposite direction relative to
the pivot axis (9) of the boom in order to maintain
the desired degree of balance of the machine,
characterized by the end of the arm (12) remote from
the boom (8) being attached to a cable (26) which
extends from a winch (25) mounted on the machine
remote from the pivot point of the arm on the boom,
whereby the arm can be drawn inwards towards the
pivot point (9) of the boom (8) by means of the winch.

2. A machine according to claim 1, characterized in
the arm (12) is moved by one or more pendant cables

(18), the or each pendant cable being actuated by a
hydraulic ram (24).

3. A machine according to claim 2, characterized in
that the or each pendant cable 1is attached to the
counterweight (22) and the counterweight is moved by
the hydraulic ram (24) so that movement of the ram
controls outward movement of the counterweight and,
simultaneously, outward movement of the arm.

4. A machine according to claim 2 or claim 3,
characterized in that the or each pendant cable

passes around a respective quadrant (2) concentric
with the pivot point (13) of the arm (12) on the
boom (8).
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5. A machine according to claim 1, wherein the arm
is moved relative to the boom (8) by a hydraulic ram

(36).

6. A machine according to claim 6, wherein the
counterweight (22) is moved by a hydraulic ram (24).

7. A machine according to any of claims 3 to 6,
characterized in that the winch motor (25') and the

counterweight ram (24) are interconnected
hydraulically to prevent operation of the one when

the other is operated.

8. A machine according to «c¢laim 7, characterized
that the winch motor (25') and the ram (24) are
operated by a common lever valve (43), movement of
the lever in the one direction causing operation of
the ram (24) to extend the arm (12) and movement of
the lever in the opposite direction causing operation
of the winch to draw in the cable (26) and thus the
free end of the arm (12).
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