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Description

CLOSED-LOOP HYDRAULIC SYSTEM HAVING REGENERATION

CONFIGURATION

Technical Field

The present disclosure relates generally to a hydraulic system and,

more particularly, to a closed-loop hydraulic system having a regeneration

configuration.

Background

Machines such as excavators, dozers, loaders, motor graders, and

other types of heavy equipment use one or more hydraulic actuators to move a

work tool. These actuators are fluidly connected to a pump on the machine that

provides pressurized fluid to chambers within the actuators. As the pressurized

fluid moves into or through the chambers, the pressure of the fluid acts on

hydraulic surfaces of the chambers to affect movement of the actuator and the

connected work tool. In an open-loop hydraulic system, fluid discharged from

the actuator is directed into a low-pressure sump, from which the pump draws

fluid. In a closed-loop hydraulic system, fluid discharged from the actuator is

directed back into the pump and immediately recirculated.

Regeneration within an open-loop system may help to increase an

efficiency and/or speed of the system. Regeneration during extension of a

hydraulic cylinder is typically accomplished by connecting a rod-end chamber of

a hydraulic actuator directly with a head-end chamber of the same actuator, while

also supplying fluid from the pump to the head-end chamber. As the pressure

within both chambers during regeneration may be about equal, the hydraulic

cylinder will extend due to an imbalance of forces created by the pressure acting

on disproportionate areas within the two chambers. Because the head-end of the

hydraulic cylinder is being supplied with fluid both from the pump and from the



rod-end chamber during extension regeneration, the hydraulic cylinder may be

able to move faster and/or have fewer losses than otherwise possible.

Regeneration within a closed-loop system has historically not been

as effective as within the open-loop system described above. In particular, when

the rod-end of a hydraulic cylinder is directly connected to the head-end of the

same cylinder, the closed-loop system may be pressure-limited by associated

charge relief valves that are generally required within a closed-loop system.

Although high-pressures may not be necessary during extension regeneration, an

open-loop system operating at higher pressures will generally outperform a

closed-loop system operating at lower pressures.

An exemplary closed-loop system having enhanced regeneration is

disclosed in Japanese Patent 201 1/069432 of Takashi et al. that published on

April 7, 201 1 (the '432 patent). The '432 patent describes an over-center,

variable displacement pump connected to a hydraulic cylinder. During normal

operation, the pump is connected to the hydraulic cylinder in closed-loop manner.

However, during regeneration, the pump is connected to only one chamber of the

hydraulic cylinder in an open-loop manner. An accumulator is utilized to

selectively store high-pressure fluid discharged from the hydraulic cylinder

during regeneration and to selectively supply fluid to the pump during normal

operation. A charge circuit provides makeup fluid to the pump during open-loop

operation.

Although an improvement over conventional hydraulic systems

that have a permanent closed-loop configuration, the system of the '432 patent

described above may still be less than optimal. In particular, the system of the

'432 patent may be overly complex, expensive, and difficult to control. For

example, the system of the '432 patent may include a great number of different

types of valves that control complicated fluid flows throughout the system.

These valves, along with the associated fluid flows, increase an overall cost of the

system, while simultaneously increasing computing and control requirements.



The hydraulic system of the present disclosure is directed toward

solving one or more of the problems set forth above and/or other problems of the

prior art.

Summary

In one aspect, the present disclosure is directed to a hydraulic

system. The hydraulic system may include an actuator, a pump having variable

displacement, and first and second passages connecting the pump to the actuator

in a closed-loop manner. The hydraulic system may also include a first load-

holding valve disposed within the first passage and movable between a flow-

blocking position and a flow-passing position, and a second load-holding valve

disposed within the second passage and movable between a flow-blocking

position and a flow-passing position. The hydraulic system may further include a

regeneration valve connected to the first passage at a location between the

actuator and the first load-holding valve and to the second passage at a location

between the actuator and the second load-holding valve. The regeneration valve

may be configured to selectively fiuidly connect the first passage with the second

passage. The hydraulic system may additionally include a control valve

configured to initiate simultaneous movements of the first and second load-

holding valves, and a controller in communication with the pump, the control

valve, and the regeneration valve. The controller may be configured to cause the

control valve to initiate simultaneous movement of the first and second load-

holding valves toward their flow-blocking positions when a displacement of the

pump is about zero, and to selectively cause the regeneration valve to fiuidly

connect the first passage with the second passage when the displacement of the

pump is non-zero. The controller may also be configured to cause only one of

the first and second load-holding valves to move to its flow-blocking position

when the regeneration valve fiuidly connects the first passage with the second

passage.



In yet another aspect, the present disclosure is directed to a

method of operating a hydraulic system. The method may include pressurizing

fluid with a pump, and directing fluid from the pump through an actuator and

back to the pump in a closed-loop manner via first and second passages. The

method may also include selectively simultaneously blocking the first and second

passages with first and second load-holding valves to inhibit movement of the

actuator when a displacement of the pump is about zero, and selectively fluidly

connecting the first passage with the second passage at locations between the

actuator and the first and second load-holding valves via a regeneration valve

when the displacement of the pump is non-zero. The method may further include

selectively blocking only one of the first and second passages with the first or

second load-holding valves when the first and second passages are fluidly

communicated with each other via the regeneration valve.

Brief Description of the Drawings

Fig. 1 is a pictorial illustration of an exemplary disclosed machine;

Fig. 2 is a schematic illustration of an exemplary disclosed

hydraulic system that may be used in conjunction with the machine of Fig. 1;

Fig. 3 is a schematic illustration of an exemplary disclosed

displacement control valve that forms a portion of the hydraulic system of Fig. 2;

Fig. 4 is a schematic illustration of another exemplary disclosed

hydraulic system that may be used in conjunction with the machine of Fig. 1;

Fig. 5 is a schematic illustration of another exemplary disclosed

hydraulic system that may be used in conjunction with the machine of Fig. 1; and

Fig. 6 is a schematic illustration of an exemplary disclosed

displacement control valve that forms a portion of the hydraulic system of Fig. 5 .

Detailed Description

Fig. 1 illustrates an exemplary machine 10. Machine 10 may be a

fixed or mobile machine that performs some type of operation associated with an



industry, such as mining, construction, farming, transportation, or another

industry known in the art. For example, machine 10 may be an earth moving

machine such as an excavator (shown in Fig. 1), a backhoe, a loader, or a motor

grader. Machine 10 may include a power source 12, a tool system 14 driven by

power source 12, and an operator station 16 situated for manual control of tool

system 14.

Tool system 14 may include linkage acted on by hydraulic

actuators to move a work tool 18. For example, tool system 14 may include a

boom 20 that is vertically pivotal about a horizontal boom axis (not shown) by a

pair of adjacent, double-acting, hydraulic cylinders 22 (only one shown in Fig. 1),

and a stick 24 that is vertically pivotal about a stick axis 26 by a single, double-

acting, hydraulic cylinder 28. Tool system 14 may further include a single,

double-acting, hydraulic cylinder 30 that is connected to vertically pivot work

tool 18 about a tool axis 32. In one embodiment, hydraulic cylinder 30 may be

connected at a head-end 30A to a portion of stick 24 and at an opposing rod-end

30B to work tool 18 by way of a power link 34. Boom 20 may be pivotally

connected to a frame 36 of machine 10, while stick 24 may pivotally connect

work tool 18 to boom 20. It should be noted that other types and configurations

of linkages and actuators may be associated with machine 10, as desired.

Operator station 16 may include devices that receive input from a

machine operator indicative of desired machine maneuvering. Specifically,

operator station 16 may include one or more operator interface devices 37, for

example a joystick, a steering wheel, or a pedal, that are located proximate an

operator seat (not shown). Operator interface devices 37 may initiate movement

of machine 10, for example travel and/or tool movement, by producing

displacement signals that are indicative of desired machine maneuvering. As an

operator moves interface device 37, the operator may affect a corresponding

machine movement in a desired direction, with a desired speed, and/or with a

desired force.



For purposes of simplicity, Fig. 2 illustrates the composition and

connections of only hydraulic cylinder 22. It should be noted, however, that

hydraulic cylinders 28, 30, and/or any other hydraulic actuator of machine 10,

may have a similar composition and/or be hydraulically connected in a similar

manner, if desired.

As shown in Fig. 2, hydraulic cylinder 22 may include a tube 38

and a piston assembly 40 arranged within tube 38 to form a first chamber 42 and

an opposing second chamber 44. In one example, a rod portion 40A of piston

assembly 40 may extend through an end of second chamber 44. As such, second

chamber 44 may be considered the rod-end chamber of hydraulic cylinder 22,

while first chamber 42 may be considered the head-end chamber.

First and second chambers 42, 44 may each be selectively supplied

with pressurized fluid and drained of the pressurized fluid to cause piston

assembly 40 to displace within tube 38, thereby changing an effective length of

hydraulic cylinder 22 and moving (i.e., lifting and lowering) boom 20 (referring

to Fig. 1). A flow rate of fluid into and out of first and second chambers 42, 44

may relate to a translational velocity of hydraulic cylinder 22 and a lifting

velocity of boom 20, while a pressure differential between first and second

chambers 42, 44 may relate to a force imparted by hydraulic cylinder 22 on boom

20 and by boom 20 on stick 24. An expansion and a retraction of hydraulic

cylinder 22 may function to assist in moving boom 20 in different manners (e.g.,

lifting and lowering boom 20, respectively).

To help regulate filling and draining of first and second chambers

42, 44, machine 10 may include a hydraulic system 46 having a plurality of

interconnecting and cooperating fluid components. Hydraulic system 46 may

include, among other things, a primary circuit 48 configured to connect a primary

pump 50 to hydraulic cylinder 22 in a generally closed-loop manner, a charge

circuit 52 configured to selectively accumulate excess fluid from and discharge

makeup fluid to primary circuit 48, and a controller 54 configured to control



operations of primary and charge circuits 48, 52 in response to input from the

operator received via interface device 37.

Primary circuit 48 may include a head-end passage 56 and a rod-

end passage 58 forming the generally closed loop between primary pump 50 and

hydraulic cylinder 22. During an extending operation, head-end passage 56 may

be filled with fluid pressurized by primary pump 50, while rod-end passage 58

may be filled with fluid returned from hydraulic cylinder 22. In contrast, during

a retracting operation, rod-end passage 58 may be filled with fluid pressurized by

primary pump 50, while head-end passage 56 may be filled with fluid returned

from hydraulic cylinder 22.

Primary pump 50 may have variable displacement and be

controlled to draw fluid from hydraulic cylinder 22 and discharge the fluid at a

specified elevated pressure back to hydraulic cylinder 22 in two different

directions. That is, primary pump 50 may include a stroke-adjusting mechanism

60, for example a swashplate, a position of which is hydro-mechanically adjusted

by a displacement actuator 134 based on, among other things, a desired speed of

hydraulic cylinder 22 to thereby vary an output (e.g., a discharge rate) of primary

pump 50. The displacement of pump 50 may be adjusted from a zero

displacement position at which substantially no fluid is discharged from primary

pump 50, to a maximum displacement position in a first direction at which fluid

is discharged from primary pump 50 at a maximum rate into head-end passage

56. Likewise, the displacement of pump 50 may be adjusted from the zero

displacement position to a maximum displacement position in a second direction

at which fluid is discharged from primary pump 50 at a maximum rate into rod-

end passage 58. Primary pump 50 may be drivably connected to power source 12

of machine 10 by, for example, a countershaft, a belt, or in another suitable

manner. Alternatively, primary pump 50 may be indirectly connected to power

source 12 via a torque converter, a gear box, an electrical circuit, or in any other

manner known in the art.



Primary pump 50 may also selectively be operated as a motor.

More specifically, when an extension or a retraction of hydraulic cylinder 22 is in

the same direction as a force acting on boom 20, the fluid discharged from

hydraulic cylinder 22 may be elevated and function to drive primary pump 50 to

rotate with or without assistance from power source 12. Under some

circumstances, primary pump 50 may even be capable of imparting energy to

power source 12, thereby improving an efficiency and/or capacity of power

source 12.

It will be appreciated by those of skill in the art that the respective

rates of hydraulic fluid flow into and out of first and second chambers 42, 44

during extension and retraction of hydraulic cylinder 22 may not be equal. That

is, because of the location of rod portion 40A within second chamber 44, piston

assembly 40 may have a reduced pressure area within second chamber 44, as

compared with a pressure area within first chamber 42. Accordingly, during

retraction of hydraulic cylinder 22, more hydraulic fluid may flow out of first

chamber 42 than can be consumed by second chamber 44 and, during extension

of hydraulic cylinder 22, more hydraulic fluid may be required to flow into first

chamber 42 than flows out of second chamber 44. In order to accommodate the

excess fluid during retraction and the need for additional fluid during extension,

primary circuit 48 may be provided with a primary makeup valve (PMV) 62, two

secondary makeup valves (SMV) 64, and two relief valves 66, each connected to

charge circuit 52 via a passage 67.

PMV 62 may be a pilot-operated three-position valve movable

based on a pressure differential between head- and rod-end passages 56, 58. In

particular, PMV 62 may be movable from a first position (middle position shown

in Fig. 2) at which fluid flow through PMV 62 may be inhibited, to a second

position (lower position shown in Fig. 2) at which fluid flow from passage 67

through PMV 62 into head-end passage 56 is allowed via a makeup passage 68,

and to a third position (upper position shown in Fig. 2) at which fluid flow from



passage 67 through PMV 62 into rod-end passage 58 is allowed via a makeup

passage 70. A first pilot passage 72 may connect a pilot pressure signal from

makeup passage 68 to an end of PMV 62 to urge PMV 62 toward the second

position, while a second pilot passage 74 may connect a pilot pressure signal

from makeup passage 70 to an opposing end of PMV 62 to urge PMV 62 toward

the third position. When the pressure signal within first pilot passage 72

sufficiently exceeds the pressure signal within second pilot passage 74 (i.e.,

exceeds by an amount about equal to or greater than a centering spring bias of

PMV 62), PMV 62 may move toward the second position, and when the pressure

signal within second pilot passage 74 sufficiently exceeds the pressure signal

within first pilot passage 72, PMV 62 may move toward the third position. First

and second pilot passages 72, 74 may each include a fixed restrictive orifice 76

that helps to reduce pressure oscillations having a potential to cause instabilities

in movement of PMV 62. PMV 62 may be spring-centered toward the first

position.

It should be noted that when PMV 62 is in the first position, flow

through PMV 62 may either be completely blocked or only restricted to inhibit

flow by a desired amount. That is, PMV 62 could include restrictive orifices (not

shown) that block some or all fluid flow when PMV 62 is in the first position, if

desired. The use of restrictive orifices may be helpful during situations where

primary pump 50 does not return to a perfect zero displacement when

commanded to neutral. Accordingly, any reference to the first position of PMV

62 as being a flow-inhibiting position is intended to include both a completely

blocked condition and a condition wherein flow through PMV 62 is limited but

still possible.

Although restrictive orifices 76 within first and second pilot

passages 72, 74 may help reduce instabilities associated with PMV 62, they may

also slow a reaction of PMV 62. Accordingly, SMVs 64 may be provided within

a passage 77 connecting passage 67 with head- and rod-end passages 56, 58 to



enhance responsiveness of primary circuit 48. In the disclosed embodiment,

SMVs 64 may be check-type valves that are operative at set pressure differentials

between passage 67 and head- and rod-end passages 56, 58, respectively. It will

be appreciated that the SMVs 64 may unseat to permit flow only into primary

circuit 48 when the pressure of fluid within passage 67 is greater than fluid

pressures in head- and rod-end passages 56, 58, respectively.

Relief valves 66 may be provided to permit flow between head-

and rod-end passages 56, 58 and passage 67, allowing fluid to be relieved from

primary circuit 48 into charge circuit 52 when a pressure of the fluid exceeds a

set threshold of relief valves 66. Relief valves 66 may be set to operate at

relatively high pressure levels in order to prevent damage to hydraulic system 46,

for example at levels that may only be reached when piston assembly 40 reaches

an end-of-stroke position and the flow from primary pump 50 is non-zero, or

during a failure condition of hydraulic system 46. Relief valves 66 may connect

via relief passages 69 to head-and rod-end passages 56, 58 at or near ports of first

and second chambers 42, 44, for example at locations between any load-holding

valves and hydraulic cylinder 22.

In order to help reduce a likelihood of primary pump 50

overspeeding during a motoring retraction of hydraulic cylinder 22 (i.e., during a

retraction in which a load is acting in the same direction as movement of

hydraulic cylinder 22), to increase a speed of hydraulic cylinder 22 during an

extension, and/or to recuperate otherwise wasted hydraulic energy, primary

circuit 48 may be provided with at least one regeneration valve 78. Regeneration

valve 78 may be disposed within a regeneration passage 80 that extends between

head- and rod-end passages 56, 58, and include a valve element 84 that is

movable between a first or flow-blocking position (shown in Fig. 2) and a second

or flow-passing position. When regeneration valve 78 is in the flow-passing

position, some or all of the fluid discharged from first chamber 42 may be

directly routed into second chamber 44 (and/or vice versa), without the fluid first



passing through primary pump 50. In some configurations, regeneration valve 78

may only be moved to the flow-passing position during a motoring retraction or

an extension, and movement of regeneration valve 78 may be accomplished

electrically when commanded to do so by controller 54. Control of regeneration

valve 78 will be described in more detail below.

Primary circuit 48 may be provided with load-holding valves 86

and 88 to inhibit unintended motion of tool system 14 (referring to Fig. 1). Load-

holding valves 86, 88 may be associated with head- and rod-end passages 56, 58,

respectively, and located between the connection locations of regeneration valve

78 and primary pump 50. Load-holding valves 86, 88 may be configured to

simultaneously inhibit fluid flow to and from the associated chambers of

hydraulic cylinder 22, thereby locking the movement of hydraulic cylinder 22

when movement of hydraulic cylinder 22 has not been requested by the operator

of machine 10. In addition, as will be described in more detail below, one of

load-holding valves 86, 88 (e.g., load-holding valve 88) may be selectively used

to inhibit fluid returning from second chamber 44 of hydraulic cylinder 22 back

to primary pump 50 during a regeneration event, such that a greater amount of

fluid exiting second chamber 44 flows through regeneration valve 78 into first

chamber 42. During the regeneration event, primary pump 50 may receive

makeup fluid from charge circuit 52 instead of from hydraulic cylinder 22.

Each of load-holding valves 86, 88 may include a first or default

position (shown in Fig. 2) at which substantially no fluid flow from hydraulic

cylinder 22 through load-holding valves 86, 88 is allowed, and a second or active

position at which flow through load-holding valves 86, 88 and movement of

hydraulic cylinder 22 is substantially unrestricted by load-holding valves 86, 88.

Load-holding valves 86, 88 may be urged toward their default positions when

movement of hydraulic cylinder 22 is not requested (e.g., when displacement of

pump 50 is about zero), and moved toward their active positions when movement

is requested (e.g., when displacement of pump 50 is non-zero).



Each load-holding valve 86, 88 may be hydraulically operated to

move between the flow-passing and flow-blocking positions. In particular, each

load-holding valve 86, 88 may include a pump-side pilot passage (PSPP) 90, a

first actuator-side pilot passage (FASPP) 92, a second actuator-side pilot passage

(SASPP) 94, and a control pilot passage (CPP) 96. A restrictive orifice 98 may

be disposed within each SASPP 94 that provides for a restriction in fluid flow

through SASPP 94. Pressurized fluid from within PSPP 90 and FASPP 92 may

act separately on a first end of each load-holding valve 86, 88 to urge the

corresponding valve toward its flow-passing position, while pressurized fluid

from within SASPP 94 and CPP 96 may act together with a spring-bias on an

opposing second end of each load-holding valve 86, 88 to urge the valve towards

its flow-blocking position. In order to facilitate movement of load-holding valves

86, 88 from their flow-blocking positions toward their flow-passing positions,

CPP 96 may be selectively reduced in pressure, for example by way of

connection to a low-pressure tank 99 of charge circuit 52. When CPP 96 is

connected to tank 99, fluid from within PSPP 90 and/or FASPP 92 may generate

a combined force during movement of hydraulic cylinder 22 that is sufficient to

overcome the spring bias of load-holding valves 86, 88 and move load-holding

valves 86, 88 to their active positions. To move load-holding valves 86, 88 to

their default positions, CPP 96 may be pressurized with fluid (or at least blocked

and allowed to be pressurized with fluid discharged from hydraulic cylinder 22),

the resulting force combined with the spring bias acting at the second end of

load-holding valves 86, 88 being sufficient to overcome any force generated at

the opposing end of load-holding valves 86, 88. With this configuration, even if

tool system 14 is loaded and generating force on hydraulic cylinder 22, any

pressure buildup between load-holding valves 86, 88 and hydraulic cylinder 22

caused by the loading may be communicated with both the first and second ends

of load-holding valves 86, 88 via FASPP 92 and SASPP 94, thereby

counteracting each other and allowing the pressure within CPP 96 to control



motion of load-holding valves 86, 88. In fact, in some embodiments, a pressure

area of load-holding valves 86, 88 exposed to SASPP 94 may be greater than a

pressure area exposed to FASPP 92 such that any buildup of pressure caused by

the loading of tool system 14 may actually result in a greater valve-closing force

(i.e., a greater force urging load-holding valves 86, 88 toward their flow-blocking

positions) for a given pressure buildup. Details of the selective connection of

CPP 96 to tank 99 will be discussed in greater detail below.

Charge circuit 52 may include at least one hydraulic source fluidly

connected to passage 67 described above. For example, charge circuit 52 may

include a charge pump 112 and/or an accumulator 114, both of which may be

fluidly connected to passage 67 via a common passage 116 to provide makeup

fluid to primary circuit 48. Charge pump 112 may embody, for example, an

engine-driven, fixed-displacement pump configured to draw fluid from tank 99,

pressurize the fluid, and discharge the fluid into passage 67 via common passage

116. Accumulator 114 may embody, for example, a compressed gas,

membrane/spring, or bladder type of accumulator configured to accumulate

pressurized fluid from and discharge pressurized fluid into common passage 116.

Excess hydraulic fluid, either from charge pump 112 or from primary circuit 48

(i.e., from operation of primary pump 50 and/or hydraulic cylinder 22) may be

directed into either accumulator 114 or into tank 99 by way of a charge pilot

valve 118 disposed in a return passage 120. Charge pilot valve 118 may be

movable from a flow-blocking position toward a flow-passing position as a result

of fluid pressures within common passage 116 and passage 67.

As shown in Figs. 2 and 3, a pressure relief valve 122 may be

disposed within a drain passage 124 that extends between common passage 116

and return passage 120 to regulate fluid flow from charge circuit 52 into tank 99,

and a restrictive orifice 123 may be disposed within common passage 116

between passage 67 and drain passage 124. Pressure relief valve 122 may be

pilot-operated and spring-biased to move between a first position at which fluid



flow into tank 99 is inhibited, and a second position at which fluid is allowed to

flow from common passage 116 into return passage 120. Pressure relief valve

122 may be spring-biased toward the first position, and movable toward the

second position when a pressure acting on pressure relief valve 122 generates a

force exceeding the spring bias of pressure relief valve 122. A resolver 126 may

be disposed to selectively communicate a pilot signal via pilot passages 128, 130

from the higher-pressure one of head- and rod-end passages 56, 58 with pressure

relief valve 122 to allow the signal to act on pressure relief valve 122 and urge

pressure relief valve 122 toward the second position. Restrictive orifice 123 may

help to dampen pressure oscillations within common passage 116 and somewhat

isolate fluid makeup operations from displacement control operations associated

with primary pump 50. When pressure relief valve 122 is moved to its second or

flow-passing position, the pressure of fluid within passage 116 downstream of

restrictive orifice 123 may drop and result in movement of displacement actuator

134 to a lesser displacement value (possibly to zero). This will happen, for

example, when hydraulic actuator 22 reaches its end of stroke position or is

acting against a sufficiently high load. It should be noted that the form of

override described above can also be implemented as a power-override, if

desired, during which circuit pressures are not resolved but instead act

simultaneously to bring the displacement of actuator 134 to a zero value.

Fig. 3 illustrates a portion of charge circuit 52 that is configured to

affect displacement control of primary pump 50 (i.e., movement of displacement

actuator 134) and operation of load-holding valves 86, 88. In particular, Fig. 3

shows a displacement control valve 132 configured to control motion of

displacement actuator 134, which may be mechanically connected to stroke-

adjusting mechanism 60 of primary pump 50. In the illustrated embodiment,

displacement control valve 132 is a solenoid-actuated, three-position valve that is

movable by pilot pressure in response to control signals from controller 54

(referring to Fig. 2). It should be noted, however, that although displacement



actuator 134 is shown and described as being electro-hydraulically controlled, it

is contemplated that displacement actuator 134 may alternatively be purely

mechanically or hydro-mechanically controlled, if desired.

When displacement control valve 132 is in the first position

(middle shown in Fig. 3), fluid pressures within first and second chambers 136,

140 of displacement actuator 134 may be substantially balanced (i.e., first and

second chambers 136, 140 may be exposed to substantially similar pressures)

such that displacement actuator 134 is spring-biased toward a neutral position

that substantially returns the displacement of primary pump 50 to a zero-

displacement setting. In particular, when displacement control valve 132 is in the

first position, first and second chambers 136, 140 of displacement actuator 134

may be fluidly communicated with common passage 116 leading to charge pump

112 and accumulator 114 and simultaneously communicated with return passage

120 leading to tank 99. The simultaneous connection of both first and second

chambers 136, 140 to common passage 116 and return passage 120 may allow for

an equal amount of pressure buildup within first and second chambers 136, 140

that is less than a full pressure of common passage 116. This equal and slightly

elevated, yet limited, pressure (e.g., about 2-3 MPa) within first and second

chambers 136, 140 may facilitate movement of displacement actuator 134 to its

neutral or zero-displacement position while also providing for a quick

displacement response of primary pump 50 during subsequent movement of

displacement control valve 132 to its second or third positions. When

displacement control valve 132 is in the first position, controller 54 may allow

regeneration valve 78 to be spring-biased to its flow-blocking position, thereby

inhibiting fluid flow from rod-end passage 58 to head-end passage 56 via

regeneration passage 80. CPP 96 may be blocked at this time by displacement

control valve 132, to facilitate movement of load-holding valves 86, 88 to their

flow-blocking positions.



When displacement control valve 132 is in the second position

(the lower position shown in Fig. 3), fluid may be allowed to flow from charge

pump 112 and/or accumulator 114 into first chamber 136 of displacement

actuator 134 via common passage 116 and a pilot passage 137 to urge

displacement actuator 134 to move in a first direction indicated by an arrow 138.

At this same time, fluid may be allowed to drain from second chamber 140 of

displacement actuator 134, and from CPP 96 associated with load-holding valves

86, 88 into tank 99 via pilot passage 139 and return passage 120. When

displacement control valve 132 is in the second position, controller 54 may allow

regeneration valve 78 to be spring-biased to its flow-blocking position, thereby

inhibiting fluid flow from head-end passage 56 to rod-end passage 58 (and vice

versa) via passage 80. CPP 96 may be unblocked at this time, to facilitate

movement of load-holding valves 86, 88 to their flow-passing positions.

When displacement control valve 132 is in the third position (i.e.,

the upper position shown in Fig. 3), fluid may be allowed to flow from charge

pump 112 and/or accumulator 114 into second chamber 140 of displacement

actuator 134 via common passage 116 and pilot passage 139 to urge displacement

actuator 134 to move in a second direction indicated by an arrow 142. At this

same time, fluid may be allowed to drain from first chamber 136 of displacement

actuator 134 via pilot passage 137 and from load-holding valves 86, 88 into tank

99 via return passage 120. When displacement control valve 132 is in the third

position, controller 54 may cause regeneration valve 78 to move to its flow-

passing position, thereby allowing fluid flow from rod-end passage 58 to head

end passage 56 via regeneration passage 80. CPP 96 may be unblocked at this

time, to facilitate movement of load-holding valves 86, 88 to their flow-passing

positions.

Displacement control valve 132 may be spring-biased toward the

first position and selectively moved by pressurized fluid from common passage

116 acting on ends of displacement control valve 132 via a pilot passage 144 into



the second and third positions based on signals from controller 54. Flows of

pressurized fluid into first and second chambers 136, 140 of displacement

actuator 134 that are achieved when displacement control valve 132 is in the first

and second positions, respectively, may affect the motion of displacement

actuator 134. Those of skill in the art will appreciate that the motion of

displacement actuator 134 may control the position of stroke-adjusting

mechanism 60, and, hence, the displacement of primary pump 50 and associated

flow rates and directions of fluid flow through head- and rod-end passages 56, 58.

When displacement control valve 132 is in the first position, stroke-adjusting

mechanism 60 may be centered or "zeroed" by biasing forces, such that primary

pump 50 may have substantially zero displacement (i.e., such that primary pump

50 may be displacing a negligible amount of fluid, if any, into either of head- or

rod-end passages 56, 58). When displacement control valve 132 is in the second

position, displacement actuator 134 may be shifted downward (relative to the

embodiment of Fig. 3) to provide a negative displacement of primary pump 50 (a

displacement of fluid into rod-end passage 58), the resulting angle or position of

stroke-adjusting mechanism 60 determining a volume of fluid displaced. When

displacement control valve 132 is in the third position, displacement actuator 134

may be shifted upward (relative to the embodiment of Fig. 3) to provide a

positive displacement of primary pump 50 (a displacement of fluid into head-end

passage 56), the resulting angle or position of stroke-adjusting mechanism 60

determining a volume of fluid displaced.

In some embodiments, displacement actuator 134 may be provided

with a mechanical feedback device 150 that is configured to adjust an operating

state of displacement control valve 132 as displacement actuator 134 is actuated.

As shown in Fig. 3, mechanical feedback device 150 may include a link 152 that

is pivotally restrained at a midpoint 154, and a movable cage portion 156 that is

connected to a first end of link 152. In some embodiments, movable cage portion

156 may actually form a portion of pilot passages 137, 139. Link 152 may also



be connected at a second end to displacement actuator 134, such that as

displacement actuator 134 translates between the positive and negative

displacement positions, link 152 may pivot about midpoint 154 and cause

movable cage portion 156 to slide. As movable cage portion 156 moves in

response to movement of displacement actuator 134 toward a greater

displacement position, passages 137 and 139 may be increasingly restricted and

eventually become blocked. In this manner, mechanical feedback device 150

may facilitate incremental movement of displacement actuator 134 in response to

movement of displacement control valve 132.

During operation, the operator of machine 10 may utilize interface

device 37 (referring to Fig. 2) to provide a signal that identifies the desired

movement of hydraulic cylinder 22 to controller 54. Based upon one or more

signals, including the signal from interface device 37, and, for example, a current

position of hydraulic cylinder 22, controller 54 may command displacement

control valve 132 to advance to a particular one of the first-third positions and,

depending on pressure differences between first and second chambers 42, 44,

issue corresponding commands to regeneration valve 78.

Controller 54 may embody a single microprocessor or multiple

microprocessors that include components for controlling operations of hydraulic

system 46 based on input from an operator of machine 10 and based on sensed or

other known operational parameters. Numerous commercially available

microprocessors can be configured to perform the functions of controller 54. It

should be appreciated that controller 54 could readily be embodied in a general

machine microprocessor capable of controlling numerous machine functions.

Controller 54 may include a memory, a secondary storage device, a processor,

and any other components for running an application. Various other circuits may

be associated with controller 54 such as power supply circuitry, signal

conditioning circuitry, solenoid driver circuitry, and other types of circuitry.



During operation of machine 10 under regeneration conditions

(e.g., under extension regeneration conditions), it may be desirable to redirect as

much fluid as possible from second chamber 44 into first chamber 42 such that a

maximum speed of work tool 14 may be achieved. In addition, it may also be

desirable to substantially isolate second chamber 44 from primary pump 50

during retraction regeneration, when a pressure within first chamber 42 is higher

than a pressure within second chamber 44, such that energy loss via regeneration

valve 84 may be reduced. Redirecting a maximum amount of fluid from second

chamber 44 into first chamber 42 during extension regeneration and isolating

second chamber 44 from first chamber 44 during retraction regeneration may be

achieved in several different ways.

In the embodiment of Fig. 2, an additional regeneration control

valve 160 may be provided to selectively prevent fluid return from second

chamber 44 to primary pump 50 during an extension regeneration event.

Regeneration control valve 160 may be disposed within CPP 96, between with

load-holding valve 88 and displacement control valve 132, and operable between

a flow-blocking and a flow-passing position. As described above, when fluid

flow through CPP 96 is blocked (normally by displacement control valve 132

when the displacement of primary pump 50 is about zero), pressure may build

within CPP 96, causing load-holding valve 88 to move to its flow-blocking

position. When load-holding valve 88 is in its flow-blocking position and

regeneration valve 78 is in its flow-passing position, fluid discharged from

second chamber 44 may be inhibited from returning to primary pump 50, thereby

resulting in a greater flow of fluid being redirected through regeneration valve 78

to first chamber 42. Regeneration control valve 160 may be spring-biased toward

the flow-passing position and solenoid-operable to the flow-blocking position in

response to a command signal from controller 54.

In the embodiment of Fig. 4, regeneration valve 78 may be

replaced with a regeneration valve 162 that is capable of both controlling fluid



flow through passage 80 (in a manner similar to that described above for

regeneration valve 78) and controlling fluid flow through CPP 96 associated with

load-holding valve 88 (in a manner similar to that described above for

regeneration control valve 160). In particular, regeneration valve 162 may be

capable of moving from a first position at which fluid flow through passage 80 is

inhibited and fluid flow through CPP 96 is substantially unrestricted by

regeneration valve 162, and a second position at which fluid flow through

passage 80 is substantially unrestricted by regeneration valve 162 and fluid flow

through CPP 96 is inhibited. As described above, when fluid flow through CPP

96 is inhibited, load-holding valve 88 may be moved to its flow-blocking position

such that fluid discharged from second chamber 44 is prevented from returning to

primary pump 50 and instead is redirected into first chamber 42 via passage 80.

In the embodiment of Figs. 5 and 6, displacement control valve

132 may be replaced with a displacement control valve 166 that is capable of

both controlling simultaneous movement of load-holding valves 86, 88 during an

inactive condition (i.e., during a condition where primary pump 50 has a

displacement of about zero) and controlling movement of only load-holding

valve 88 during a regeneration event (in which primary pump 50 has a non-zero

displacement). Specifically, displacement control valve 166 may have first and

second positions (middle and lower positions shown in Figs. 5 and 6) similar to

the first and second positions (middle and lower positions shown in Figs. 2-4) of

displacement control valve 132. The third position (upper position shown in

Figs. 5 and 6) of displacement control valve 166, however, may be different than

the third position (upper position shown in Figs. 2-4) of displacement control

valve 132. That is, when the valve element of displacement control valve 166 is

in the third position, only CPP 96 of load-holding valve 86 may be fluidly

communicated with tank 99, while CPP 96 of load-holding valve 88 maybe

blocked by control valve 166. As described above, when fluid flow through CPP

96 is inhibited, load-holding valve 88 may be moved to its flow-blocking position



such that fluid discharged from second chamber 44 is prevented from returning to

primary pump 50 and instead is redirected into first chamber 42 via passage 80.

Industrial Applicability

The disclosed hydraulic system may be applicable to any machine

where improved hydraulic efficiency and performance is desired. The disclosed

hydraulic system may provide for improved efficiency through the use of closed-

loop and meterless technology. The disclosed hydraulic system may provide for

enhanced performance through the selective use of novel primary and charge

circuits. Operation of hydraulic system 46 will now be described.

During operation of machine 10, an operator located within station

16 may command a particular motion of work tool 18 in a desired direction and at

a desired velocity by way of interface device 37. One or more corresponding

signals generated by interface device 37 may be provided to controller 54

indicative of the desired motion, along with machine performance information,

for example sensor data such a pressure data, position data, speed data, pump

displacement data, and other data known in the art.

In response to the signals from interface device 37 and based on

the machine performance information, controller 54 may generate control signals

directed to displacement control valve 132 causing displacement control valve

132 to move to one of the first-third positions described above. For example, to

retract hydraulic cylinder 22 at an increasing speed, controller 54 may generate a

control signal that causes displacement control valve 132 to move a greater extent

toward its second position, at which a greater amount of pressurized fluid from

charge circuit 52 (i.e., from common passage 116) may be directed through

displacement control valve 132 and into first chamber 136. The increasing

amount of pressurized fluid directed into first chamber 136 may cause movement

of displacement actuator 134 that increases a positive displacement of primary

pump 50, such that fluid is discharged from primary pump 50 at a greater rate

into rod-end passage 58. At this same time, CPP 96 may be communicated with



tank 99 via displacement control valve 132, such that load-holding valves 86, 88

are moved to and/or maintained in their flow-passing positions, thereby allowing

the pressurized fluid within rod-end passage 58 to enter second chamber 44 and

the fluid within first chamber 42 to be drawn back to primary pump 50 via head-

end passage 56.

To extend hydraulic cylinder 22 at an increasing speed, controller

54 may generate a control signal that causes displacement control valve 132 to

move a greater extent toward its third position, at which a greater amount of

pressurized fluid from charge circuit 52 (i.e., from common passage 116) may be

directed through displacement control valve 132 and into second chamber 140.

The increasing amount of pressurized fluid directed into second chamber 140

may cause movement of displacement actuator 134 that increases a negative

displacement of primary pump 50, such that fluid is discharged at a greater rate

from primary pump 50 into head-end passage 56. At this same time, CPP 96 may

be communicated with tank 99 via displacement control valve 132, such that

load-holding valves 86, 88 are moved to and/or maintained in their flow-passing

positions, thereby allowing the pressurized fluid within head-end passage 56 to

enter first chamber 42 and the fluid within second chamber 44 to be drawn back

to primary pump 50 via rod-end passage 58.

Regeneration of fluid may be possible during extending operations

of hydraulic cylinder 22, such that an extending speed of hydraulic cylinder 22

may be increased. Specifically, during the extending operation described above,

controller 54 may cause regeneration valve 78 to move to its flow-passing

position, such that fluid discharging from second chamber 44 may be directed

through passage 80 and join with fluid from primary pump 50 entering first

chamber 42. At this same time, load-holding valve 88 may be caused to move

alone to its flow-blocking position such that fluid returning from second chamber

44 to primary pump 50 may be inhibited. In this manner, a greater amount of

fluid may be regenerated and hydraulic cylinder 22 may be capable of higher



speeds. As described above, load-holding valve 88 may be caused to move to its

flow-blocking position in any one of three different ways, including through use

of regeneration control valve 160 (referring to the embodiment of Fig. 2), through

the use of regeneration valve 162 (referring to the embodiment of Fig. 4), or

through the use of displacement control valve 166 (referring to the embodiment

of Fig. 5).

When an operator stops requesting movement of hydraulic

cylinder 22 (e.g., when the operator releases interface device 37), controller 54

may correspondingly signal displacement control valve 132 to move to its first or

neutral position. When displacement control valve 132 is in its first position, first

and second chambers 136, 140 of displacement actuator 134 may both be

simultaneously exposed to substantially similar pressures (e.g., simultaneously

connected to both common and return passages 116, 120), thereby allowing

displacement actuator 134 to center itself and destroke primary pump 50. At this

same time, CPPs 96 associated with load-holding valves 86, 88 may both be

simultaneously blocked from tank 99 via displacement control valve 132, thereby

allowing pressure to build within CPP 96. As the pressure builds within CPP 96,

load-holding valves 86, 88 may eventually be caused to move in tandem toward

their flow-blocking positions, thereby effectively holding hydraulic cylinder 22 in

its current position and hydraulically locking hydraulic cylinder 22 from

movement. Operation may be similar when machine 10 is turned off and/or the

operator activates a hydraulic lock-out switch (not shown).

In the disclosed embodiments of hydraulic system 46, flow

provided by primary pump 50 may be substantially unrestricted such that

significant energy is not unnecessarily wasted in the actuation process. Thus,

embodiments of the disclosure may provide improved energy usage and

conservation. In addition, the meterless operation of hydraulic system 46 may

allow for a reduction or even complete elimination of metering valves for



controlling fluid flow associated with hydraulic cylinder 22. This reduction may

result in a less complicated and/or less expensive system.

In addition, the disclosed embodiments of hydraulic system 46

may provide for increased speeds of hydraulic cylinder 22. For example, the

unique regeneration configurations of hydraulic system 46 may allow for a

majority (if not all) of the fluid discharging from the rod-end chamber of

hydraulic cylinder 22 to pass directly to and join with fluid from primary pump

50 in the head-end chamber during an extending operation, such that the

extending speed of hydraulic cylinder 22 may be increased. In addition, the use

of regeneration valve 78 to pass fluid from one chamber of hydraulic cylinder 22

to the other at low pressure drop, may help to reduce a size and/or speed of

primary pump 50 required to adequately supply hydraulic cylinder 22 with

operator demanded fluid flows.

It will be apparent to those skilled in the art that various

modifications and variations can be made to the disclosed hydraulic system.

Other embodiments will be apparent to those skilled in the art from consideration

of the specification and practice of the disclosed hydraulic system. It is intended

that the specification and examples be considered as exemplary only, with a true

scope being indicated by the following claims and their equivalents.



Claims

1. A hydraulic system (46), comprising:

an actuator (22);

a pump (50) having variable displacement;

first and second passages (56, 58) connecting the pump to the

actuator in a closed-loop manner;

a first load-holding valve (86) disposed within the first passage

and movable between a flow-blocking position and a flow-passing position;

a second load-holding valve (88) disposed within the second

passage and movable between a flow-blocking position and a flow-passing

position;

a regeneration valve (78) connected to the first passage at a

location between the actuator and the first load-holding valve and to the second

passage at a location between the actuator and the second load-holding valve, the

regeneration valve being configured to selectively fluidly connect the first

passage with the second passage;

a control valve (132) configured to initiate simultaneous

movements of the first and second load-holding valves; and

a controller (54) in communication with the pump, the control

valve, and the regeneration valve, wherein the controller is configured to:

cause the control valve to initiate simultaneous movement

of the first and second load-holding valves toward their flow-blocking positions

when a displacement of the pump is about zero;

selectively cause the regeneration valve to fluidly connect

the first passage with the second passage when the displacement of the pump is

non-zero; and

cause only one of the first and second load-holding valves

to move to its flow-blocking position when the regeneration valve fluidly

connects the first passage with the second passage.



2 . The hydraulic system of claim 1, wherein the controller is

configured to cause only the first load-holding valve to move to its flow-blocking

position when the pump supplies pressurized fluid through the second load-

holding valve to the actuator.

3 . The hydraulic system of claim 1, wherein the regeneration

valve is spring-biased toward a flow-blocking position and solenoid operable

toward a flow-passing position.

4 . The hydraulic system of claim 1, wherein the regeneration

valve is movable from a first position at which fluid communication between the

first and second passages is blocked and movement of the first and second load-

holding valves is unaffected by the regeneration valve, and a second position at

which the first passage is fiuidly communicated with the second passage and one

of the first and second load-holding valves is caused to move to its flow-blocking

position by the regeneration valve.

5 . The hydraulic system of claim 4, wherein the one of the first

and second load-holding valves is caused to move to its flow-blocking position

when a control passage associated with the one of the first and second load-

holding valves is blocked by the regeneration valve.

6 . The hydraulic system of claim 1, further including:

a first control passage (96) associated with the first load-holding

valve; and

a second control passage (96) associated with the second load-

holding valve,

wherein:

a pressure of the first control passage affects movement of

the first load-holding valve between the flow-passing position and the flow-

blocking position.;



a pressure of the second control passage affects movement

of the second load-holding valve between the flow-passing position and the flow-

blocking position; and

the control valve is movable between a first position at

which the first and second control passages are fluidly connected to a low-

pressure tank, a second position at which only one of the first and second control

passages is fluidly connected to the low-pressure tank, and a third position at

which both of the first and second control passages are blocked from the low-

pressure tank.

7 . The hydraulic system of claim 6, wherein when the first or

second control passages is blocked from the low-pressure tank, a pressure within

the first or second control passage builds and causes the first or second load-

holding valves to move towards the flow-blocking position.

8. The hydraulic system of claim 1, further including:

a first control passage (96) associated with the first load-holding

valve; and

a second control passage (96) associated with the second loading

valve,

wherein:

a pressure of the first control passage affects movement of

the first load-holding valve between the flow-passing position and the flow-

blocking position;

a pressure of the second control passage affects movement

of the second load-holding valve between the flow-passing position and the flow-

blocking position; and

the control valve is movable between a first position at

which the first and second control passages are fluidly connected to a low-

pressure tank, a second position at which both of the first and second control



passages are blocked from the low-pressure tank, and a third position at which

the first and second control passages are fiuidly connected to a low-pressure tank.

9 . The hydraulic system of claim 8, wherein when the first and

second control passages are blocked from the low-pressure tank, pressures within

the first and second control passage build and cause the first and second load-

holding valves to move towards the flow-blocking positions.

10. A method of operating a hydraulic system (46), comprising:

pressurizing fluid with a pump (50);

directing fluid from the pump through an actuator (22) and back to

the pump in a closed-loop manner via first and second passages (56, 58);

selectively simultaneously blocking the first and second passages

with first and second load-holding valves (86, 88) to inhibit movement of the

actuator when a displacement of the pump is about zero;

selectively fiuidly connecting the first passage with the second

passage at locations between the actuator and the first and second load-holding

valves via a regeneration valve (78) when the displacement of the pump is non

zero; and

selectively blocking only one of the first and second passages with

the first or second load-holding valves when the first and second passages are

fiuidly communicated with each other via the regeneration valve.















INTERNATIONAL SEARCH REPORT International application No.

PCT/US2012/059295

A. CLASSIFICATION OF SUBJECT MATTER

F1SB 13/02(2006.01)i, E02F 9/22(2006.01)1, F15B 21/08(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC: F15B 13/02; F15B 11/044; E02F 5/02; F15B 11/024; F15B 21/14; F16D 31/02; E02F 9/22

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & Keywords: hydraulic, closed-loop, actuator, pump, load-holding, control valve, regeneration

c . DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 2008-0302099 Al (VIGH0LM, B0 et al.) 11 December 2008 1-10

See abstract, paragraphs [0022] - [0055], and figures 2,5.

JP 06-081375 A (HITACHI CONSTRUCTION MACHINERY CO., LTD.) 22 March 1994 1-10

See abstract, paragraphs [0017] - [0028], and figures 1-4.

US 7596893 B2 (TOZAWA, SHOJI et a l .) 06 October 2009 1-10

See abstract, column 8 , line 35 - column 9 , line 5 , and figure 1 .

US 7752842 B2 (HRISTOV, IVAN et a l .) 13 July 2010 1-10

See abstract, column 3 , line 10 - column 4 , line 32, and figure 1 .

JP 2011-069432 A (CATERPILLAR SAR ) 07 April 2011 1-10

See abstract, paragraphs [0026] - [0083], and figures 2-6.

Further documents are listed in the continuation of Box C . patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand

to be of particular relevance the principle or theory underlying the invention
"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone

cited to establish the publication date of citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report

07 MARCH 2013 (07.03.2013) 08 MARCH 2013 (08.03.2013)
Name and mailing address of the ISA/KR Authorized officer

Korean Intellectual Property Office
'mm .. 189 Cheongsa-ro, Seo-gu, Daejeon Metropolitan

t ' 302-70 ' P f Korea
Facsimile No. 82-42-472-7140 Telephone No. 82-42-481-8699

Form PCT/ISA/210 (second sheet) (My 2009)



INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/US2012/059295

Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2008-0302099 A 11. 2 .2008 CN 101370985 A 18. 02 .2009
CN 101370985 B 2 1 . 12 .201 1
CN 101370986 A 18. 02 .2009
CN 101370987 A 18. 02 .2009
CN 101370988 A 18. 02 .2009
CN 101370988 B 25. 05 .201 1
CN 101370989 A 18. 02 .2009
CN 101370990 A 18. 02 .2009
EP 1979546 1 15. 10 .2008
EP 1979546 A4 14. 03 .2012
EP 1979547 1 15. 10 .2008
EP 1979547 A4 2 1 . 03 .2012
EP 1979548 1 15. 10 .2008
EP 1979548 A4 14. 03 .2012
EP 1979549 1 15. 10 .2008
EP 1979549 A4 2 1 . 03 .2012
EP 1979550 1 15. 10 .2008
EP 1979551 1 15. 10 .2008
EP 1979551 A4 29. 02 .2012
US 2007-0166 168 A1 19. 07 .2007
US 2008-0292474 A 27. 11.2008
US 2008-02943 16 A1 27. 11.2008
US 2008-0295504 A1 04. 12 .2008
US 2008-0295505 A1 04. 12 .2008
US 2009-0287373 A1 19. 11.2009
US 7908048 B2 15. 03 .201 1
US 8065875 B2 29. 11.201 1
US 8225706 B2 24. 07 .2012
US 8240144 B2 14. 08 .2012

O 2007-08 1276 A1 19. 07 .2007
O 2007-08 1277 A1 19. 07 .2007

wo 2007-08 1278 A1 19. 07 .2007
wo 2007-08 1279 A1 19. 07 .2007
wo 2007-08 1280 A1 19. 07 .2007
wo 2007-08 128 1 A1 19. 07 .2007

JP 06-081375 A 22 . 03 . 1994 JP 3198163 B2 13 .08 .200 1

US 7596893 B2 06 . 10 .2009 CN 101091025 A 19. 12 .2007
EP 1889977 1 20. 02 .2008
EP 1889977 A4 24. 06 .2009

P 2006-336432 A 14. 12 .2006
JP 2006-336845 A 14. 12 .2006
US 2009-0036264 A1 05. 02 .2009
WO 2006-132009 A1 14. 12 .2006

US 7752842 B2 13 . 07 .20 10 CN 101253335 A 27. 08 .2008
CN 101253335 B 16. 06 .2010
EP 1915538 A1 30. 04. 2008

Form PCT/ISA/210 (patent family annex) ( y 2009)



INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/US2012/059295

Patent document Publication Patent family Publication
cited in search report date member(s) date

EP 1915538 B1 04. 04. 2012

JP 2009-5050 13 A 05. 02 .2009
KR 10-2008-002 1779 A 07. 03 .2008
US 2010-008365 1 A1 08. 04. 2010

0 2007-0197 12 A1 22. 02 .2007

JP 201 1-069432 A 07 . 04. 20 11 None

Form PCT/ISA/210 (patent family annex) ( y 2009)


	abstract
	description
	claims
	drawings
	wo-search-report

