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Description

APPARATUS FOR OPERATING A MACHINE WORK TOOL

Technical Field

This disclosure is directed towards apparatuses for operating a

work tool of a machine. The disclosure is further directed towards methods of5

operating a machine comprising a work tool and an apparatus mounted to the

work tool and a method of operating a gas spring arrangement.

Background

Machines, including backhoe loaders, excavators, loaders and the

like, commonly comprise a hydraulic control system for controlling one or more10

work tools, such as buckets, booms, backhoes, arms, grapples and the like. The

hydraulic control system may comprise one or more actuators connected to each

work tool and configured to move the work tool to perform work. The hydraulic

control system comprises one or more pumps to move pressurised fluid into or

through chambers of the actuators to cause the actuator to extend or retract. The15

pumps receive power from a power unit, such as an internal combustion engine,

and the power they require may be relatively high. It may therefore be beneficial

to reduce the power requirements to improve the efficiency of the machine and

reduce emissions.

WO-A-2015/185125 discloses a material handling machine20

comprising a gas spring for balancing heavy loads to increase lifting capacity

and/or to reduce energy consumption. The gas spring has a hollow piston rod

carrying a piston inside a first diameter cylinder. A variable length first annular

space is formed along the piston-rod between the piston and a first end cap. A

second cylinder is arranged concentrically over the first cylinder. A second25

annular space is formed along the external periphery of the first cylinder. A

cooling fluid is provided to the first annular space and the space including the

second annular space and the hollow piston rod is arranged to contain pressurised
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gas. However, such an arrangement may require additional interfacing with

cooling systems and the like and may have a high cost. In addition, the

Summary

The present disclosure therefore provides, according to the

appended claims, an apparatus for operating a work tool of a machine, the5

apparatus comprising: a cylinder comprising a cylinder wall extending between

first and second cylinder ends; a piston comprising a piston rod attached to a piston

head, the piston head being mounted in the cylinder such that the piston is

moveable relative to the cylinder; and a gas spring arrangement for biasing the

piston head away from the first cylinder end, the gas spring arrangement10

comprising: a first gas chamber extending between the first cylinder end and piston

head and a second gas chamber extending between piston head and second cylinder

end, the first and second gas chambers having a variable volume based upon the

position of the piston head in the cylinder; and a gas connection arrangement

fluidly connecting the first gas chamber to the second gas chamber and configured15

to enable gas to flow between the first and second gas chambers if the piston moves

relative to the cylinder; the apparatus further comprising a secondary head mounted

inside the piston rod to form a first piston chamber between the secondary head

and piston head and a second piston chamber between the secondary head and an

outer piston end of the piston rod.20

The present disclosure further provides, according to the appended

claims, a method of operating a machine comprising a work tool and an apparatus

mounted to the work tool, the apparatus comprising: a cylinder comprising a

cylinder wall extending between first and second cylinder ends; a piston

comprising a piston rod attached to a piston head, the piston head being mounted25

in the cylinder; and a gas spring arrangement comprising: a first gas chamber

extending between the first cylinder end and piston head and a second gas

chamber extending between piston head and second cylinder end; and a gas

connection arrangement fluidly connecting the first gas chamber to the second

gas chamber; the apparatus further comprising a secondary head mounted inside30
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the piston rod to form a first piston chamber between the secondary head and

piston head and a second piston chamber between the secondary head and an

outer piston end of the piston rod.

wherein the method comprises: biasing the piston head away from

the first cylinder end by a gas in the gas spring arrangement; moving the piston5

head such that first and second gas chambers vary in volume and gas is

transmitted from the first gas chamber to the second gas chamber via the gas

connection arrangement.

The present disclosure further provides a method of operating a

gas spring arrangement, the gas spring arrangement being for operating a work10

tool of a machine and comprising first and second gas chambers inside a cylinder

and fluidly connected by a gas connection arrangement, the gas connection

arrangement comprising first and second gas valves, the method comprising:

fluidly connecting at least one gas storage tank between the first and second gas

valves; opening the first gas valve and closing the second gas valve; moving the15

piston head inside the cylinder to reduce the volume of the first gas chamber and

drive gas from the first gas chamber through the open first gas valve and into the

at least one gas storage tank; and fluidly disconnecting the at least one gas

storage tank such that the pressure of the gas in the gas connection arrangement is

reduced.20

The present disclosure further provides an apparatus for operating

a work tool of a machine, the apparatus comprising: a gas spring

arrangement comprising at least one gas chamber formed by a piston head

moveably mounted inside a cylinder, the at least one gas chamber being variable

volume based upon the position of the piston head; and a gas storage apparatus25

comprising at least one gas storage tank having a fixed volume, wherein the at

least one gas storage tank is fluidly connected by at least one gas storage conduit

to the at least one gas chamber such that, if the piston head is moved to increase

or reduce the volume of the at least one gas chamber, gas in the at least one gas

chamber and at least one gas storage tank reduces or increases in pressure30

respectively.
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The present disclosure further provides a method of operating a

machine comprising a work tool and an apparatus mounted to the work tool, the

apparatus comprising: a gas spring arrangement comprising at least one gas

chamber formed by a piston head moveably mounted inside a cylinder; and a gas

storage apparatus comprising at least one gas storage tank having a fixed volume,5

wherein the at least one gas storage tank is fluidly connected by at least one gas

storage conduit to the at least one gas chamber, wherein the method comprises

moving the piston head in the cylinder to reduce or increase the volume of the at

least one gas chamber to increase or decrease respectively the pressure of gas in

the at least one gas chamber and at least one gas storage tank.10

Brief Description of the Drawings

By way of example only, embodiments of apparatuses and

methods of the present disclosure are now described with reference to, and as

shown in, the accompanying drawings, in which:

Figure 1 is a side elevation of a machine comprising an15

embodiment of an apparatus of the present disclosure;

Figure 2 is a schematic representation of the apparatus of Figure 1

in an extended configuration;

Figure 3 is a schematic representation of the apparatus of Figures

1 and 2 in a retracted configuration;20

Figure 4 is a graph showing force acting on the apparatus of

Figures 1 to 3 against a cylinder displacement;

Figure 5 is a schematic representation of a further embodiment of

the apparatus of the present disclosure in an extended configuration; and

Figure 6 is a schematic representation of the apparatus of Figure 525

in a retracted configuration.

Detailed Description

The present disclosure is generally directed towards an apparatus

for storing and recovering energy for operating a work tool of a machine,

methods of operating such an apparatus and methods of operating gas spring30
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arrangements. The apparatus comprises a gas spring arrangement that biases a

piston to extend from a cylinder to provide a biasing force that can be used during

operation of the work tool. The gas spring arrangement may recover energy using

the gravitational down force of the weight of the work tool and release the energy

during operation of the work tool to assist an actuator in moving the work tool.5

The apparatus may also comprise an actuator fluid system such that the apparatus

is an integrated gas spring and actuator. The gas spring arrangement may be

formed in the cylinder whilst the actuator fluid system may be formed in the

piston and, as a result, the gas spring arrangement may generally be formed

around the actuator fluid system.10

Figures 1 illustrates a machine 10 of the present disclosure, which

may comprise a main body 11 and a work tool 12 attached to the main body 11.

The work tool 12 may comprise an arm arrangement 13 mounted to the main

body 11 and an implement 14 attached to the arm arrangement 13 as illustrated.

The work tool 12, particularly the arm arrangement 13, may be controlled by at15

least one actuator 15 to move the implement 14 and perform work. In the

illustrated embodiment the machine 10 comprises an excavator, although the

machine 10 may be any other type comprising at least one actuator 15, such as a

truck (e.g. a dump truck), backhoe loader, another type of loader such as a wheel

loader or track loader, dozer, shovel, material handler or telehandler.20

The machine 10 further comprises an apparatus 20 of the present

disclosure for storing energy for operating the work tool 12. The apparatus 20

may comprise and may be integrated with the at least one actuator 15. The

machine 10 may comprise a plurality of apparatuses 20, such as by having a

plurality of actuators 15 each integrated with an apparatus 20. The apparatus 20 is25

illustrated in further detail in Figures 2 and 3. The apparatus 20 comprises a

cylinder 21 and a piston 22. The piston 22 may be at least partially sealed and

slidably mounted within the cylinder 21 and they are moveable relative to one

another between an extended configuration (Figures 1 and 2) and a retracted

configuration (Figure 3). The cylinder 21 and piston 22 may have a generally30

round cross-section.
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The cylinder 21 comprises a cylinder wall 24 extending between

first and second cylinder ends 25, 26 and may define a cylinder chamber 27

therebetween. The first and second cylinder ends 25, 26 may be formed by first

and second cylinder end caps 28, 29, which may seal the cylinder wall 24 and

cylinder chamber 27. The first cylinder end cap 28 may comprise a first mount 305

for mounting the cylinder 21 to the work tool 12 and/or main body 11.

The piston 22 comprises a piston rod 35 attached to a piston head

36 mounted and sealed in the cylinder chamber 27 and cylinder 21. The piston

head 36 comprises first and second head surfaces 37, 38 and the second head

surface 38 may have a lower surface area than that of the first head surface 37.10

The first head surface 37 may oppose and be located towards the first cylinder

end 25 and the second head surface 38 may oppose and be located towards the

second cylinder end 26. A piston head seal 39 may be mounted to and extend

around the piston head 36, particularly its side, for forming a seal between the

piston head 36 and cylinder 21. The second cylinder end 26 and second cylinder15

end cap 29 may comprise a rod passageway 40 in which the piston rod 35 is

mounted and through which the piston rod 35 may slidably move. A piston rod

seal 41 may extend around and be mounted to the rod passageway 40 for forming

a seal between the piston rod 35 and cylinder 21. Lubricating oil 47 may be

located inside the cylinder 21 adjacent to the piston rod seal 41 for providing20

lubrication and sealing. The piston rod 35 may comprise an outer piston end 42 at

the opposite end of the piston rod 35 to the piston head 36.

The piston rod 35 may be hollow and may comprise a rod

chamber 43 therein. The piston rod 35 may comprise a piston rod wall 44

extending and mounted between the piston head 36 and a piston end wall 45 to25

define the rod chamber 43 therebetween. The piston end wall 45, such as an end

cap as shown, may seal the piston rod wall 44 at the outer piston end 42. The

piston 22 may comprise a second mount 46 at the outer piston end 42, such as by

being mounted on the piston end wall 45, for mounting the cylinder 21 to the

work tool 12 and/or main body 11.30



- 7 -

o

The apparatus 20 further comprises a gas spring arrangement 50

comprising first and second gas chambers 51, 52. The gas spring arrangement 50

is configured to store and release energy to assist in the operation of the work tool

12. The first gas chamber 51 extends between the first head surface 37, the first

cylinder end 25 and the cylinder wall 24. The second gas chamber 52 extends5

from the second head surface 38 towards the second cylinder end 26 and may, as

illustrated, extend between the piston rod 35 and the cylinder wall 24 when the

piston rod 35 is thinner than the cylinder wall 24 and cylinder chamber 27. The

first and second gas chambers 51, 52 are variable volume based upon the

movement of the piston 22 relative to the cylinder 21 and particularly based upon10

the position of the piston head 36 within the cylinder chamber 27. Thus the first

gas chamber 51 is configured to reduce in volume, and the second gas chamber

52 is configured to increase in volume, when the piston head 36 moves towards

the first cylinder end 25 and vice-versa.

The gas spring arrangement 50 further comprises a gas connection15

arrangement 53 for fluidly connecting the first gas chamber 51 to the second gas

chamber 52. The gas connection arrangement 53 is configured to enable gas to be

transmitted between the first and second gas chambers 51, 52 when the piston 22

moves relative to the cylinder 21. The gas connection arrangement 53 may

comprise at least one gas passageway 54 extending through the piston head 36.20

The at least one gas passageway 54 may extend between the first and second

head surfaces 37, 38. The gas spring arrangement 50 may further comprise a

pressurised gas, such a nitrogen, located within the first and second gas chambers

51, 52 and gas connection arrangement 53.

The apparatus 20 according to the appended claims further25

comprises a secondary head 61 mounted inside the piston rod 35 to form a first

piston chamber 66 between the secondary head 61 and piston head 36 and a

second piston chamber 67 between the secondary head 61 and an outer piston end

42 of the piston rod 35. The apparatus 20 may comprise a secondary piston 60

mounted partially inside the piston 22 and mounted to the cylinder 21. In30

particular, the secondary piston 60 may comprise a secondary head 61 slidably



- 8 -

o

mounted inside the rod chamber 43 of the piston rod 35 and may comprise a

secondary rod 62 mounted to the secondary head 61. The secondary rod 62 may

extend to and be attached to the first cylinder end 25. A secondary head seal 63

may extend around and be mounted to the secondary head 61, particularly its

side, for forming a seal between the secondary head 61 and the piston 22,5

particularly the piston rod wall 44. The piston head 36 may comprise a secondary

piston passageway 64 in which the secondary rod 62 may be slidably mounted. A

secondary rod seal 65 may extend around and be mounted to the secondary piston

passageway 64 for forming a seal between the secondary rod 62 and the piston

head 36.10

The apparatus 20 comprises first and second piston chambers 66,

67. The first piston chamber 66 may extend between the secondary head 61 and

the second head surface 38 of the piston head 36 and the second piston chamber

67 may extend from the secondary head 61 towards the outer piston end 42. As

the secondary rod 62 may be thinner than the piston rod 35, piston rod wall 4415

and rod chamber 43, the first piston chamber 66 may also extend between the

secondary rod 62 and piston rod wall 44. The second piston chamber 67 may also

extend between the secondary head 61, outer piston end 42 and piston rod wall

44.

The apparatus 20 may comprise the actuator 15 by further20

comprising an actuator fluid system 70 for moving the piston 22 relative to the

cylinder 21. The actuator fluid system 70 may comprise at least one fluid

chamber 66, 67 inside the piston 22 and at least one pump (not shown) for

selectively supplying fluid via at least one actuator conduit 72, 74 to the at least

one fluid chamber 66, 67 to move the piston 22 relative to the cylinder 21. The at25

least one fluid chamber 66, 67 may comprise the first and/or second piston

chamber 66, 67. The at least one actuator conduit 72, 74 may comprise a first

actuator conduit 72 extending from the first piston chamber 66 and it may extend

through the piston rod wall 44, such as by forming an interspace between two

sleeves forming the piston rod wall 44 as illustrated. The first actuator conduit 7230

may extend from a first actuator port 73 in the outer piston end 42 (e.g. the piston
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end wall 45), through the piston rod wall 44, through the piston head 36 and into

the first piston chamber 66 as illustrated. Alternatively, the first actuator port 73

may extend directly into the piston rod wall 44 and/or the first actuator conduit

72 may extend directly into the first piston chamber 66 from the piston rod wall

44 (not shown). The at least one actuator conduit 72, 74 may further comprise a5

second actuator conduit 74 extending from the second piston chamber 67 to a

second actuator port 75 and the second actuator conduit 74 may be located inside

the outer piston end 42 (e.g. the piston end wall 45 as illustrated).

The actuator fluid system 70 may comprise any other suitable

components, such as valves, and may be a hydraulic fluid system such that the10

fluid is a hydraulic fluid. The actuator fluid system 70 may be controlled by a

controller and the controller may receive instructions to move the work tool 12

from an input device, such as a joystick, operated by an operator in the main body

11. Therefore, by controlling the flow of fluid into the first and second piston

chamber 66, 67 the actuator fluid system 70 may control the position of the piston15

head 36 within the cylinder 21 and, as a result, control the position of the work

tool 12.

In the present disclosure the actuator fluid system 70 may be

operable to apply force to the piston head 36 to extend and retract the piston 22

from the cylinder 21 and thereby operate the work tool 12, such as by varying the20

volume of fluid in the first and second piston chamber 66, 67. The power

requirements of the actuator fluid system 70 may be relatively high due to the

force required by the work tool 12 to perform work and the force required to

overcome the gravitational down force acting on the cylinder 21 and piston 22 by

virtue of the weight of the work tool 12. The gas spring arrangement 50 provides25

a spring force to supplement the force provided by the actuator fluid system 70

by virtue of pressurised gas in the first and second gas chambers 51, 52 acting

against the first and second head surface 37, 38. Even though the pressure of the

gas may be substantially the same in the first and second gas chambers 51, 52,

since the first head surface 37 has a higher surface area than the second head30

surface 38 the force applied to the first head surface 37 is higher than the force
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applied to the second head surface 38. Hence the gas spring arrangement 50

applies a net spring force against the piston head 36 that biases the piston 22

away from the first cylinder end 25 to extend from the cylinder 21 (i.e. towards

the extended configuration).

Figure 4 is a graph showing force 80 on the y axis and cylinder5

displacement 81 on the x axis. The gas spring line 82 illustrates a spring force

provided by the gas spring arrangement 50 that increases from an extended force

83 when the piston 22 is in the extended configuration (as in Figure 2) to a

retracted force 84 when the piston 22 is in the retracted configuration (as in

Figure 3). The gradient of the gas spring line 82 represents a spring constant of10

the gas spring arrangement 50. The extended force 83 may be a result of the first

and second gas chambers 51, 52 being supplied with pressurised gas up to a pre-

charge pressure whilst the piston 22 is in the extended configuration, such as by

supplying pressurised gas into the first gas chamber 51 through a gas port (not

shown) in the first cylinder end 25. The retracted force 84 may be higher than the15

extended force 83 because the pressure of the gas in the first and second gas

chambers 51, 52 is higher at a retracted pressure when the piston 22 is in the

retracted configuration. This may be a result of the volume of the first and second

gas chambers 51, 52 being lower when the piston 22 is in the retracted

configuration because the piston 22 occupies a higher volume of the cylinder20

chamber 27. Therefore, the gradient of the gas spring line 82 may also represent a

compression ratio of the gas spring arrangement 50, which may be defined as the

ratio of the retracted pressure to the pre-charge pressure. An area 85 under the gas

spring line 82 may represent the energy storage capacity of the gas spring

arrangement 50. A gravity force line 86 represents the gravitational down force25

acting on the cylinder 21 and piston 22 by virtue of the weight of the arm

arrangement 13, which may be higher than the pre-charge and retracted pressures.

In operation the gas spring arrangement 50 may be charged by

supplying gas to the first and second gas chambers 51, 52 up to the pre-charge

pressure. In use, for example when a lowering of the arm arrangement 13 is30

required, the actuator fluid system 70 may allow the piston 22 to retract into the
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cylinder 21 under the gravitational down force of the work tool 12. As a result,

the potential energy from the weight of the actuator fluid system 70 is recovered

by storing it as increased pressure in the gas spring arrangement 50. The

gravitational down force of the work tool 12 may be used to store energy,

particularly when it is higher than the spring force of the gas spring arrangement5

50 as in Figure 4. The actuator fluid system 70 may also apply a force to retract

the piston 22 in addition to the gravitational down force, further storing energy in

the gas spring arrangement 50. Such an operation may be necessary if the

gravitational down force is lower than the extended and retracted forces 83, 84.

Subsequently, when an extension of the piston 22 is required, such as during a10

raising of the arm arrangement 13, the spring force of the gas spring arrangement

50 supplements the power from the actuator fluid system 70 to extend the piston

22 by releasing the stored energy.

Various other embodiments also fall within the scope of the

present disclosure. For example, the second gas chamber 52 may comprise the15

first piston chamber 66 and extend from the second head surface 38 towards the

second cylinder end 26 inside the piston 22. The at least one gas passageway 54

may extend between the first piston chamber 66 and the first gas chamber 51 (i.e.

extend into the piston rod 35 rather than outside of it as in Figures 2 and 3). The

at least one fluid chamber 66, 67 of the actuator fluid system 70 may, for20

example, only comprise the second piston chamber 67 and fluid may be supplied

to or drawn from the second piston chamber 27 only to control the extension of

the piston 22.

Rather than the apparatus 20 comprising an integrated gas spring

arrangement 50 and actuator 15 as in Figures 1 to 3 the apparatus 20 may instead25

be a separate gas spring (not shown) from the actuator(s) 15 of the machine 10.

For example, the apparatus 20 may not comprise a hollow piston 22 or the

actuator fluid system 70 as described above and instead may only comprise the

gas spring arrangement 50. As a result, the apparatus 20 may separately store

energy to the actuators 15. The machine 10 may comprise at least one actuator 1530
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mounted to the work tool 12 for operating the work tool 12 and at least one

separate apparatus 20 mounted to the work tool 12 to store and release energy.

Figures 5 and 6 illustrate a further embodiment of the apparatus 20

of the present disclosure. The embodiment of Figures 5 and 6 has features in

common with Figures 1 to 3 and the same reference numerals have been used to5

indicate similar features. In Figures 5 and 6 the gas connection arrangement 53

may comprise at least one gas conduit 90 extending around the piston head 36

rather than through it as in Figures 2 and 3. The at least one gas conduit 90 may

extend from the first gas chamber 51 out of the cylinder 21 and to the second gas

chamber 52. The at least one gas conduit 90 may extend through the cylinder wall10

24 as illustrated or may extend through the first and/or second cylinder ends 25,

26. The at least one gas conduit 90 may comprise at least one pipe, hose or the

like. The gas connection arrangement 53 may comprise at least one gas valve 91,

92, in this case first and second gas valves 91, 92, for controlling the flow of gas

through the at least one gas conduit 90. The at least one gas valve 91, 92 may be15

configured to prevent the flow of gas to prevent substantial movement of the

piston 22 in the cylinder 21 (i.e. other than due to compression of the gas).

The present disclosure further provides a gas storage apparatus 93

fluidly connected to at least one gas chamber 51, 52. In the illustrated

embodiment the apparatus 20 of the present disclosure comprises the gas storage20

apparatus 93, which may be fluidly connected to the at least one gas conduit 90

of the gas connection arrangement 53 and may be connected between the first and

second gas valve 91, 92. However, the gas storage apparatus 93 may be applied

to any gas spring arrangement 50 for a machine 10 having at least one gas

chamber 51, 52. The gas storage apparatus 93 may comprise at least one gas25

storage conduit 94 to which at least one gas storage tank 95, 96 (in this case two

gas storage tanks 95, 96) is fluidly connected, such as by at least one gas storage

adapter 97, 98. The at least one gas storage adapter 97, 98 may comprise valves

or the like, a relief valve (such as a burst disc arrangement) and an adapter

connector, such as screw threads, to which the at least one gas storage tank 95, 9630

may be releasably attached. The at least one gas storage tank 95, 96 may have a
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fixed volume and may be in open fluid communication with the at least one gas

chamber 51, 52 as the piston 22 moves relative to the cylinder 21 (e.g. the at least

one gas valve 91, 92 may be open). The at least one gas storage tank 95, 96 may

be a gas cylinder and/or pressure vessel configured to store gas at a relatively

high pressure (i.e. at least at the pre-charge and retracted pressures) and may5

comprise a tank adapter, such as screw threads, for releasably attaching to an

adapter connector. The at least one gas storage tank 95, 96 may increase the

volume available for gas in the gas spring arrangement 50 and gas in the at least

one gas chamber 51, 52 and at least one gas storage tank 95, 96 may increase and

decrease in pressure together. In the apparatus 20, gas may therefore be present in10

the first and second gas chambers 51, 52, the at least one gas conduit 90, the at

least one gas storage conduit 94 and the at least one gas storage tank 95, 96. As

the gas volume is higher the compression ratio is reduced (i.e. the gradient of the

gas spring line 82 is reduced) and thus the energy stored by the gas spring

arrangement 50 is increased. As a result, the gas spring arrangement 50 can15

supply more energy to assist in powering the movement of the work tool 12.

The at least one gas storage tank 95, 96 may be mounted outside

of and/or separated from the cylinder 21, such as by being mounted to outside of

the cylinder 21, machine 10 and/or work tool 12. Preferably the at least one gas

storage tank 95, 96 is a gas bottle or bottled gas, which are commercially and20

commonly available. The at least one gas storage tank 95, 906 may comprise a

transportable gas storage tank that complies with a regional standard, such as ISO

24431:2016(en).

The apparatus 20 may further comprise a gas port apparatus 100

fluidly connected to the first and/or second gas chamber 51, 52 for charging and25

discharging the gas spring arrangement 50. The gas port apparatus 100 may

comprise a gas port valve 101 for selectively controlling the flow of gas into the

first and/or second gas chamber 51, 52 and may comprise at least one gas port

adapter 102 for the mounting of a gas supply, such as at least one gas supply tank

103 as illustrated. The at least one gas supply tank 103 may be fixed volume and30

may be in a similar form to the at least one gas storage tank 95, 96. As in the
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illustrated embodiment the gas port apparatus 100 may be fluidly coupled to the

gas storage apparatus 93, such as to the at least one gas storage conduit 94 and

may therefore be fluidly connected to the first and second gas chamber 51, 52 by

the at least one gas conduit 90. Alternatively, the gas port apparatus 100 may be

fluidly coupled directly and mounted to the at least one gas conduit 90 and/or to5

the first and/or second gas chamber 51, 52. The gas port valve 101 may comprise

a pressure regulator that enables gas to flow from the at least one gas supply tank

103 into the first and/or second gas chamber 51, 52 when the pressure therein

reduces below the pre-charge pressure. As a result, the pressure of the gas spring

arrangement 50 may be maintained at the pre-charge pressure when the full10

extension operation to the extended configuration is performed.

The present disclosure also provides a method of charging and

discharging the gas spring arrangement 50, such as during maintenance,

installation or uninstallation, using at least one of the tanks 95, 96, 103 of the

storage and/or gas port apparatus 93, 100. During discharging one of the first and15

second gas valves 91, 92 may be closed whilst the other is opened. The gas port

valve 101 may be opened if gas is to be discharged into the at least one gas

supply tank 103 and the adapters 97, 98, 102 corresponding to the tank(s) 95, 96,

103 being used for discharging may be opened if they comprise valves. The

piston 22 may then be moved relative to the cylinder 21 by the actuator fluid20

system 70 to direct gas from the first and second gas chambers 51, 52 into the

tank(s) 95, 96, 103. If the first gas valve 91 is open the piston 22 may be moved

from the extended configuration at least partially to the retracted configuration to

drive gas from the first gas chamber 51 into the tank(s) 95, 96, 103. If the second

gas valve 92 is open the piston 22 may be moved from the retracted configuration25

at least partially to the extended configuration to drive gas from the second gas

chamber 52 into the tank(s) 95, 96, 103. The gas port valve 101 and/or the open

first or second gas valve 91, 92 may subsequently closed and the tank(s) 95, 96,

103 is/are disconnected and removed, leaving the gas spring arrangement 50 at a

low pressure to enable maintenance and servicing. The gas in the gas spring30

arrangement 50 may also be ventilated to the environment by opening the gas
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port valve 101, first gas valve 91, second gas valve 92 and/or the adapters 97, 98,

102 to remove any remaining pressurised gas such that the gas in the gas spring

arrangement 50 reaches the ambient pressure. The apparatus 20 may comprises

additional venting and/or relief valves to assist with such removal.

In order to charge the gas spring arrangement 50 one or both of the5

first and second gas valves 91, 92 may be opened. The gas port valve 101 may be

opened if gas is to be charged from the at least one gas supply tank 103 and the

adapters 97, 98, 102 corresponding to the tank(s) 95, 96, 103 being used for

charging may be opened if they comprise valves. The tank(s) 95, 96, 103 may be

connected to the corresponding adapter(s) 97, 98, 102, thereby releasing10

pressurised gas into the gas spring arrangement 50. The piston 22 may then be

moved by the actuator fluid system 70 from the retracted to extended

configurations or vice-versa, depending upon which of the first and second gas

valves 91, 92 is open in a similar manner to discharging. The closed first or

second gas valve 91, 92 may then be opened such that the gas spring arrangement15

50 is operational.

Figures 5 and 6 also illustrate an embodiment of the actuator fluid

system 70 further comprising a fluid lock arrangement 110 for locking movement

of the piston 22 relative to the cylinder 21 when the piston 22 is biased to extend

from the cylinder 21 by the gas spring arrangement 50. The fluid lock20

arrangement 110 may be configured to prevent the piston 22 from extending from

the cylinder 21 unless the actuator fluid system 70 is controlled to extend the

piston 22 from the cylinder 21. The fluid lock arrangement 110 may also be

applied to the apparatus 20 of Figures 2 and 3.

The fluid lock arrangement 110 may comprise a check valve 11125

located in the first actuator conduit 72 for controlling flow of fluid through the

first actuator conduit 72 and first piston chamber 66. The check valve 111 may be

located at the outer piston end 42 and may be mounted in the piston end wall 45,

such as in the end cap as shown. The check valve 111 may enable fluid to flow

substantially freely into the first piston chamber 66 from the first actuator conduit30

72 from the first actuator port 73. The check valve 111 may prevent fluid from
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flowing out of the first piston chamber 66 and first actuator conduit 72 unless

actuated to open. The check valve 111 may be actuated by a check valve pilot

conduit 112 extending from the second actuator conduit 74 to the check valve

111 for opening the check valve 111 when the pressure in the second actuator

conduit 74 reaches and/or is commanded to reach a preset lock pressure value.5

The preset lock pressure value may be a pressure of the fluid in the actuator fluid

system 70 that is only achieved when the at least one pump, accumulator or the

like is commanded to drive fluid into the second actuator conduit 74 and second

piston chamber 67. Therefore, the check valve 111 may only be opened when

pressure in the second actuator conduit 74 and second piston chamber 67 is10

commanded to rise such that the piston 22 extends relative to the cylinder 21. As

a result, the check valve 111 provides a lock that ensures that the piston 22 does

not undesirably extend under the biasing force of the gas spring arrangement 50,

thereby improving operation and safety of the apparatus 20.

Industrial Applicability15

The spring force provided by the gas spring arrangement 50 may

reduce the power required to operate the work tool 12. In particular, the actuator

15 may not have to overcome all of the gravitational down force of the work tool

12. If the gas spring arrangement 50 is configured (e.g. has gas at an appropriate

pressure) to have a spring force that is less than the gravitational down force, as20

shown in Figure 4, the actuator 15 need only supply the force between the gas

spring line 82 and gravity force line 86. If the spring force is greater than the

gravitational down force then the actuator 15 does not need to overcome the

gravitational down force to operate the work tool 12. As a result, the pressure

requirements of the fluid in the actuator fluid system 70 may be lower and the25

actuator fluid system 70 may be designed accordingly, such as by have at least

one pump and/or at least one power unit supplying power to the at least one pump

with a lower power rating than that required if there were no gas spring

arrangement 50. The power density of the apparatus 20 is further improved where

the actuator 15 is integrated with the gas spring arrangement 50.30



- 17 -

o

By having the gas spring arrangement 50 in the cylinder 21 and

mounted around the actuator fluid system 70 in the piston 22, the surface area

against which the gas acts (i.e. the first and second head surfaces 37, 38) may be

higher. The gas pressure for the same amount of energy stored may therefore be

reduced. In addition, the use of the gas storage apparatus 93 may further reduce5

the compression ratio. The result of reducing the compression ratio may be that

the energy capacity of the gas spring arrangement 50 may increase and the

variation of the temperature of the gas in the gas spring arrangement 50 may be

reduced between the pre-charge and retracted pressures. The gas spring

arrangement 50 may therefore operate closer to isothermal rather than adiabatic,10

which results in improved round trip efficiency (i.e. the losses incurred during

storage and recovery are reduced) and may mean that additional cooling systems

and the like are not required.

The gas spring arrangement 50 may be a passive energy storage

and recovery system and, as a result, may therefore not require a complex control15

system or substantial maintenance. Furthermore, by incorporating the fluid lock

arrangement 110 a soft failure mode may be provided. In addition to using the

method of charging and discharging, by having the gas spring arrangement 50 in

the cylinder 21 and mounted around the actuator fluid system 70 in the piston 22

the servicing of the apparatus 20 may be simplified. Since a lower pre-charge20

pressure is required to provide the spring force, service technicians are not

required to operate high gas pressure equipment and the complexity of

maintenance work is further reduced.

Furthermore, the incorporation of the actuator fluid system 70

within the piston 22 results the only possibly exposed seal, piston rod seal 41 not25

being a critical seal of the actuator fluid system 70.
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Claims

1. An apparatus for operating a work tool of a machine, the

apparatus comprising:

a cylinder comprising a cylinder wall extending between first and

second cylinder ends;5

a piston comprising a piston rod attached to a piston head, the piston

head being mounted in the cylinder such that the piston is moveable relative to the

cylinder; and

a gas spring arrangement for biasing the piston head away from the

first cylinder end, the gas spring arrangement comprising:10

a first gas chamber extending between the first cylinder end and

piston head and a second gas chamber extending between piston head and second

cylinder end, the first and second gas chambers having a variable volume based

upon the position of the piston head in the cylinder; and

a gas connection arrangement fluidly connecting the first gas15

chamber to the second gas chamber and configured to enable gas to flow between

the first and second gas chambers if the piston moves relative to the cylinder;

wherein the apparatus further comprising a secondary head

mounted inside the piston rod to form a first piston chamber between the secondary

head and piston head and a second piston chamber between the secondary head20

and an outer piston end of the piston rod.

2. The apparatus as claimed in claim 1 wherein the piston head

comprises first and second head surfaces, wherein the first head surface has a

greater surface area than the second head surface such that a pressurised gas in the25

gas spring arrangement biases the piston head away from the first cylinder end.

3. The apparatus as claimed in claim 1 further comprising an

actuator fluid system for moving the piston relative to the cylinder, the actuator

fluid system comprising the first and/or second piston chamber inside the piston30

and at least one fluid pump for selectively supplying fluid via at least one actuator
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conduit to the first and/or second piston chamber to move the piston relative to the

cylinder.

4. The apparatus as claimed in claim 3, further wherein the at least

one actuator conduit comprises a first actuator conduit extending from the first5

piston chamber and a second actuator conduit extending from the second piston

chamber.

5. The apparatus as claimed in claim 4 further comprising a fluid

lock arrangement comprising a check valve located in the first actuator conduit and10

a check valve pilot conduit extending from the second actuator conduit to the check

valve for opening the check valve if the pressure in the first actuator conduit

reaches a preset lock pressure value.

6. The apparatus as claimed in claim 1 wherein the second gas15

chamber is outside of the piston and extends from the piston head towards the

second cylinder end between the piston rod and cylinder wall.

7. The apparatus as claimed in claim 1 wherein the second gas

chamber is inside the piston and comprises the first piston chamber.20

8. The apparatus as claimed in claim 1 wherein the gas connection

arrangement comprises at least one gas passageway extending through the piston

head.

25

9. The apparatus as claimed in claim 1 wherein the gas connection

arrangement comprises at least one gas conduit extending between the first and

second gas chambers and around the piston head.

10. The apparatus as claimed in claim 1 further comprising a gas30

storage apparatus comprising at least one gas storage tank having a fixed volume
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and fluidly connected to at least one gas chamber, wherein the gas spring

arrangement is configured to enable open fluid communication between the at least

one gas storage tank and at least one gas chamber if the piston moves relative to

the cylinder.

5

11. The apparatus as claimed in claim 1 further comprising a gas

port apparatus fluidly connected to the at least one gas chamber, the gas port

apparatus comprising a gas port valve for selectively controlling the flow of gas

into the at least one gas chamber and at least one adapter for mounting at least one

gas supply tank.10

12. A method of operating a machine comprising a work tool and

an apparatus mounted to the work tool, the apparatus comprising:

a cylinder comprising a cylinder wall extending between first and

second cylinder ends;15

a piston comprising a piston rod attached to a piston head, the piston

head being mounted in the cylinder; and

a gas spring arrangement comprising:

a first gas chamber extending between the first cylinder end and the

piston head and a second gas chamber extending between the piston head and a20

second cylinder end; and

a gas connection arrangement fluidly connecting the first gas

chamber to the second gas chamber;

wherein the apparatus further comprising a secondary head

mounted inside the piston rod to form a first piston chamber between the secondary25

head and piston head and a second piston chamber between the secondary head

and an outer piston end of the piston rod;

wherein the method comprises:

biasing the piston head away from the first cylinder end by a gas in

the gas spring arrangement;30
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moving the piston head such that first and second gas chambers vary

in volume and a gas is transmitted from the first gas chamber to the second gas

chamber via the gas connection arrangement.

13. The method as claimed in claim 12 comprising moving the5

piston head towards the first cylinder end by applying a force to the piston and/or

the cylinder, the force comprising a gravitational down force of the work tool

and/or a force applied by an actuator, such that the pressure of the gas increases.

14. The method as claimed in claim 12 further comprising moving10

the piston head towards the second cylinder end by applying a force to the piston,

the force being at least partially applied to the piston head by the gas in the first

gas chamber.


