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(57) Abstract: A control module (302/304/306/308) for controlling an operation of a hydraulic actuator that is associated with an earth-
moving machine (100) includes a body (312/314/316/318). The body (314) has a spool chamber (402) and a load sensing passageway
(404) associated with the spool chamber (402). The body (314) also has a spool (400) positioned axially, and at least partially, within
the spool chamber (402). The spool (406) is spring-biased by an end cap 408 located at a first end 410 of the body (314). The body
(314) also has a pair of electrohydraulic spool actuators (452, 454) that are located at a second end (456) of the body (314) and operable
to axially displace the spool (406) within the spool chamber (402). The pair of spool actuators (452, 454) are positioned in parallel and
disposed adjacent to one another. The body (314) also has an inlet chamber (418) that is disposed parallel to the spool chamber (402)
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and in selective fluid communication with the spool chamber (402) via a spool supply passageway (420).
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MODULAR MANIFOLD HAVING AT LEAST TWO CONTROL MODULES
FOR CONTROLLING OPERATION OF AT LEAST TWO HYDRAULIC
ACTUATORS OF AN EARTHMOVING MACHINE

Description

Technical Field

The present disclosure relates to a control module for controlling
operation of a hydraulic actuator associated with an earthmoving machine. More
particularly, the present disclosure relates to a modular manifold having at least
two control modules for controlling operation of at least two hydraulic actuators

of an earthmoving machine.

Background

Earthmoving machines typically employ several hydraulic
actuators for actuating movement of one or more work implements therein. One
example of such an earthmoving machine may include a track-type tractor having
a dozing blade and a ripper as the work implements mounted thereon. Such
machines may also employ a manifold to help provide a multi-function
displacement control, in more than one axis of lever movement by the operator,
to move each of the hydraulic actuators for modulating a positioning of the work
implements in operation.

An example of such a system is disclosed in U.S. Patent
9,631,644. However, system hardware design of conventional manifold systems,
including the system of the 644 patent, may be bulky in construction owing, at
least in part, to a sub-optimal positioning of valves and actuators that are used to
form the manifold besides continuing to require an increased amount of plumbing
for achieving the desired functionality. Consequently, manufacture of such
conventional systems may be expensive. Further, an increased amount of space
may be required on the machine for installing and operating such conventional

systems.
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Hence, there is a need for a manifold that overcomes the

aforementioned drawbacks.

Summary of the Disclosure

In an aspect of the present disclosure, a control module is provided
for controlling an operation of a hydraulic actuator that is associated with an
earthmoving machine. The control module includes a body. The body has a
spool chamber and a load sensing passageway associated with the spool chamber.
The body also has a spool positioned axially, and at least partially, within the
spool chamber. The spool is spring-biased by an end cap located at a first end of
the body. The body also has a pair of electrohydraulic spool actuators that are
located at a second end of the body and operable to axially displace the spool
within the spool chamber. The pair of spool actuators are positioned in parallel
and disposed adjacent to one another. The body also has an inlet chamber
disposed parallel to the spool chamber and in selective fluid communication with
the spool chamber via a spool supply passageway. The inlet chamber defines an
inlet port, and also has a pressure compensating hydrostat and a load check valve.
The pressure compensating hydrostat has a valve member that is moveably
positioned between a flow blocking position and a flow permitting position to
fluid from the inlet port by a fluid pressure differential between the spool supply
passageway and the load sensing passageway. The valve member is also biased
by a first spring that is located between a first end of the valve member and a first
plug disposed at an end port of the inlet chamber. The load check valve is axially
biased towards a second end of the valve member by a second spring that is
captured between a bearing surface of the load check valve and a second plug
located at another end port of the inlet chamber. The other end port of the inlet
chamber is disposed in a direction opposite to the first end port of the inlet
chamber.

In another aspect of this disclosure, a modular manifold is
provided for controlling operation of at least two hydraulic actuators associated

with an earthmoving machine. The modular manifold includes at least two
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control modules corresponding to the at least two hydraulic actuators of the
machine. The at least two control modules are adjacently located to one another
and coupled to one another in fluid communication. Each control module
includes a body. The body has a spool chamber and a load sensing passageway
associated with the spool chamber. The body also has a spool positioned axially,
and at least partially, within the spool chamber. The spool is spring-biased by an
end cap located at a first end of the body. The body also has a pair of
electrohydraulic spool actuators that are located at a second end of the body and
operable to axially displace the spool within the spool chamber. The pair of
spool actuators are positioned in parallel and disposed adjacent to one another.
The body also has an inlet chamber disposed parallel to the spool chamber and in
selective fluid communication with the spool chamber via a spool supply
passageway. The inlet chamber defines an inlet port, and also has a pressure
compensating hydrostat and a load check valve. The pressure compensating
hydrostat has a valve member that is moveably positioned between a flow
blocking position and a flow permitting position to fluid from the inlet port by a
fluid pressure differential between the spool supply passageway and the load
sensing passageway. The valve member is also biased by a first spring that is
located between a first end of the valve member and a first plug disposed at an
end port of the inlet chamber. The load check valve is axially biased towards a
second end of the valve member by a second spring that is captured between a
bearing surface of the load check valve and a second plug located at another end
port of the inlet chamber. The other end port of the inlet chamber is disposed in a
direction opposite to the first end port of the inlet chamber.

In yet another aspect of this disclosure, a method is provided for
controlling at least two hydraulic actuators of an earthmoving machine. The
method includes providing at least two control modules such that the at least two
control modules have a pair of bodies located adjacent to one another. The
method further includes defining, in each body, a spool chamber having a load
sensing passageway associated therewith, and an inlet chamber in parallel

relation to the spool chamber and in selective fluid communication with the spool
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chamber via a spool supply passageway. The method further includes providing,
in each body, a spool such that the spool is axially, and at least partially,
positioned within the spool chamber, an end cap at a first end of each body such
that the end cap has a spring to bias the spool away from the end cap, and a pair
of electrohydraulic spool actuators at a second end of each body such that the pair
of spool actuators are positioned in parallel and disposed adjacent to one another.
The method further includes defining, in each body, an inlet port such that the
inlet port is in fluid communication with the spool supply passageway, a first and
second outlet port such that the first and second outlet ports are in selective and
independent fluid communication with the spool chamber based on a position of
the spool within the spool chamber, and a pilot supply port and a pilot discharge
port such that the pilot supply and discharge ports are in fluid communication
with the pair of electrohydraulic spool actuators via a pilot supply line and a pilot
discharge line respectively.

Other features and aspects of this disclosure will be apparent from

the following description and the accompanying drawings.

Brief Description of the Drawings

FIG. 1 is a diagrammatic view of an exemplary earthmoving
machine having a first work implement, a second work implement, and hydraulic
actuators for controlling movement of the first work implement and the second
work implement respectively, in accordance with an exemplary embodiment of
the present disclosure;

FIG. 2 shows a rear perspective view of the exemplary first work
implement that is controlled by independent operation of two tilt actuators and
two lift actuators of the machine, in accordance with an exemplary embodiment
of the present disclosure;

FIGs. 3, 4, and 5 are perspective, cross-sectional, and schematic
representations of a modular manifold showing four control modules that are

setup for controlling movement of the hydraulic actuators associated with the pair
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of work implements, in accordance with an embodiment of the present
disclosure;

FIGs. 6-7 are perspective and schematic representations of a
modular manifold having five control modules for controlling movement of the
hydraulic actuators associated with the pair of work implements, in accordance
with another embodiment of the present disclosure; and

FIG. 8 is a flowchart depicting steps of a method for controlling at
least two hydraulic actuators of the earthmoving machine, in accordance with an

embodiment of the present disclosure.

Detailed Description

Reference numerals appearing in more than one figure indicate the
same or corresponding parts in each of them. References to elements in the
singular may also be construed to relate to the plural and vice-versa without
limiting the scope of the disclosure to the exact number or type of such elements
unless set forth explicitly in the appended claims.

FIG. 1 illustrates an exemplary earthmoving machine 100,
hereinafter referred to as ‘the machine 100°. As shown, the machine 100 is
embodied as a tractor. However, in other embodiments, the machine 100 may
embody other forms or types of earthmoving machines known to persons skilled
in the art.

The machine 100 includes a frame 102, and a pair of ground
engaging members 104 rotatably supported on the frame 102. Although, only
one ground engaging member 104 is visible in the side view of FIG. 1, a similar
ground engaging member is present on the machine 100 and is located distally
away from the ground engaging member 104 visible in the view of FIG. 1. The
ground engaging members 104 may rotate relative to the frame 102 for propelling
the machine 100 on a work surface 106, for example, a mine site. As shown, the
pair of ground engaging members 104 may include tracks. However, persons
skilled in the art will acknowledge that the present disclosure is not limited to a

type of ground engaging members 104 i.e., the tracks disclosed herein. Other
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types of ground engaging members, for example, wheels may be used to form the
ground engaging members 104 in lieu of the tracks disclosed herein.

The machine 100 may include a first work implement 108 that is
moveably supported on a fore portion of the frame 102. As shown, one end of a
push arm 109 is coupled to the frame 102 using a pivot joint 111 and another end
of the push arm 109 pivotally supports movement of the work implement 108
thereon. Further, as shown in the view of FIG. 1, the first work implement 108 is
embodied as a carry-dozing blade, and for sake of simplicity, the first work
implement 108 will hereinafter be referred to as ‘the blade 108’.

With continued reference to FIG. 1 and as shown best in the view
of FIG. 2, the machine 100 includes a pair of hydraulic lift actuators 112, 114
hereinafter referred to as ‘the lift actuator/s 112, 114°, that are supported by the
frame 102 and connected to a rearwardly facing mid-portion of the blade 108.
The lift actuators 112, 114 operably raise or lower the blade 108 in relation to the
work surface 106. Further, the machine 100 also includes a pair of hydraulic tilt
actuators 116, 118, hereinafter referred to as ‘tilt actuator/s 116, 118’, that are
disposed on opposite sides of the machine 100 and located between the push arms
109 and the blade 108 for tilting and/or tipping the blade 108 relative to the frame
102.

Additionally, or optionally, as shown, the machine 100 further
includes another work implement i.e., a second work implement 110 moveably
supported on a rear portion of the frame 102. As shown in the illustrated
embodiment of FIG. 1, the second work implement 110 is embodied as a ripper,
and for sake of convenience, the second work implement 110 will hereinafter be
referred to as ‘the ripper 110°. Furthermore, the machine 100 also includes a pair
of ripper lift actuators 120 and a pair of ripper tilt actuators 122, each of which
are disposed on opposite sides of the machine 100 and supported by the frame
102. The ripper lift actuators 120 are configured to operably lift i.e., raise or
lower the ripper 110 relative to the frame 102, or stated differently, relative to the

work surface 106. The ripper tilt actuators 122 are configured to operably change
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an angle of attack of the ripper 110 relative to the work surface 106, or stated
differently, change an axis of the ripper 110 relative to the frame 102.

In this application, ‘tilting’ of the blade 108 is the action of
moving the blade 108 about a horizontally arranged longitudinal axis XX’ (refer
to FIG. 2) that is substantially perpendicular to the blade 108, whereas ‘tipping’
of the blade 108 is the action of moving the blade 108 about a horizontally
arranged transverse axis YY’ that is substantially parallel to the blade 108.
However, in the context of the second work implement i.e., the ripper 110, the
terms ‘tilt’ and ‘lift” are representative of an angular orientation and a height of
the ripper 110 respectively with respect to the frame 102 of the machine 100 or
the work surface 106. Moreover, although one configuration of the lift actuators
112, 114, the tilt actuators 116, 118, and the ripper lift and tilt actuators 120, 122
is disclosed herein, persons skilled in the art will acknowledge that embodiments
of the present disclosure may be similarly applied to other types of machines in
which alternative configurations of the lift actuators 112, 114, the tilt actuators
116, 118, and/or the ripper lift and tilt actuators 120, 122 may be contemplated
for use in controlling movement of one or more work implements relative to the
frame 102.

In addition to the aforementioned functions, advanced
functionality may be associated with one or both work implements 108, 110, for
instance, the blade 108. The present disclosure discloses, in part, specific
hydraulic control hardware design that can operationally support fluid delivery
demands by one or more actuators, for example, during a typical regeneration
event in which quicker movement of lift and/or tilt hydraulic actuators may be
needed, or when the blade 108 is required to be set into a float condition in which
the blade 108 is subject to the influence of gravity alone and due to which the
blade 108, loaded or without load thereon, would typically come to rest on the
work surface 106. Therefore, it will be appreciated that the specific hydraulic
control hardware disclosed herein is intended to support these, amongst other
advanced functionality of the work implements 108, 110 that are commonly

known to persons skilled in the art.
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With continued reference to FIG. 1, a modular manifold 300 or
600 1s provided to the machine 100 and is shown schematically in FIGs. 5 and 7
respectively, in accordance with embodiments of the present disclosure.
Referring to FIGs. 3 and 5, the modular manifold 300 includes four control
modules 302, 304, 306 and 308 that correspond to the eight hydraulic actuators
112-122 of the machine 100. The control modules 302, 304, 306, and 308 are
configured to control operation of the lift actuators 112, 114, the tilt actuators
116, 118, the ripper lift actuators 120, and the ripper tilt actuators 122
respectively. Although explanation will now be made in reference to the modular
manifold 300, similar explanation will be applicable to the manifold 600 unless
wherever expressly differentiated in this disclosure.

In embodiments herein, the control modules 302, 304, 306, and
308 are successively located adjacent to one another. Further, bodies of the
individual control modules 302, 304, 306, and 308 are releasably secured using
one or more fasteners 310, for example, HEX bolts received, with or without
fluid sealing mechanisms, within one or more mounting through-holes 320
defined on the bodies 312-318 of the control modules 302, 304, 306, and 308.
Furthermore, upon securement, the adjacently located control modules 302, 304,
306, and 308 are coupled in fluid communication with one another, via mutually
aligned ports as will be explained later herein, to facilitate a sharing of fluid flow
between the individual control modules 302, 304, 306 and 308 with each control
module 302, 304, 306, and 308 present in the manifold 300 being adapted to
deliver fluid with optimally specific pressure/s based on application
requirements, for instance, the dynamically changing load conditions on the
actuators associated with the work implements 108, 110, or in other words, the
dynamically changing hydraulic load on a fluid transmission system (not shown)
of the machine 100, for example, a variable displacement pump and/or other
hydraulic circuits of the machine 100 that may be coupled in communication with
the manifold 300. These adaptations may be specific to individual control
modules 302, 304, 306, and 308 respectively, as will be explained later herein.

However, it is to be noted that such adaptations should not be construed as being
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limiting of this disclosure. Rather, it should be appreciated that such adaptations
may provide flexibility to use a stack of control modules, for instance, the control
modules 302, 304, 306 and 308 to form the unitary yet modular manifold 300 that
facilitates a sharing of fluid flow between the individual control modules 302,
304, 306 and 308 in turn allowing the individual control modules 302, 304, 306
and 308 of the manifold 300 to support simultaneously the varying load demands
of each of the hydraulic actuators 112-122 present on the machine 100.

FIG. 4 depicts a cross-sectional view of the modular manifold 300,
and in particular of the control module 304, as taken along the sectional plane
AA’ of FIG. 3, and FIG. 5 depicts a schematic of the modular manifold 300. For
sake of simplicity, explanation will hereinafter be made in conjunction with the
control module 304 of the modular manifold 300. However, it should be noted
that such explanation is similarly applicable to the other three control modules
302, 306, and 308 of the manifold 300, unless expressly differentiated herein.

As shown in FIG. 4, the body 314 has a spool chamber 402 and a
load sensing passageway 404 associated with the spool chamber 402. The body
314 also has a spool 406 positioned axially, and at least partially, within the spool
chamber 402. The spool 406 is spring-biased by an end cap 408 located at a first
end 410 of the body 314. Further, in an embodiment as shown, a stroke i.e., a
travel distance of the spool 406 may be defined by one or more stop members, for
example, two stop members 412, 414 that are exemplarily shown positioned
within the end cap 408. Furthermore, as shown in this embodiment, a spring 416
is located within the end cap 408 and positioned between the pair of stop
members 412, 414, for biasing the spool 406 away from the end cap 408.

The body 314 also has an inlet chamber 418 that is located parallel
to the spool 406 and disposed in selective fluid communication with the spool
406 via a spool supply passageway 420. The inlet chamber 418 of the body 314
defines an inlet port 422, and has a pressure compensating hydrostat 424 and a
load check valve 426 associated therewith. The hydrostat 424 may be
implemented by way of a screw-in cartridge type valve assembly, or a slip-in

cartridge type valve assembly as shown. The hydrostat 424 has a valve member
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428 that is moveably positioned between a flow blocking position and a flow
permitting position to fluid at the inlet chamber 418 by a fluid pressure
differential between the spool supply passageway 420 and the load sensing
passageway 404.

The valve member 428 is biased by a first spring 430 that is
located between a first end 432 of the valve member 428 and a first plug 434
disposed at an end port 436 of the inlet chamber 418. The load check valve 426
is axially biased towards a second end 438 of the valve member 428 by a second
spring 440 that is captured between a bearing surface 442 of the load check valve
426 and a second plug 444 located at another end port 446 of the inlet chamber
418. As shown, the other end port 446 of the inlet chamber 418 is disposed in a
direction opposite to the end port 436 of the inlet chamber 418.

Further, the body 314 has a first outlet port 448 and a second
outlet port 450 that are disposed in selective and independent fluid
communication with the spool supply passageway 420, via the spool chamber
402, based on a position of the spool 406 within the spool chamber 402. In some
embodiments, the first and second outlet ports 448, 450 may be configured to
selectively communicate fluid from the spool supply passageway 420 to a head
end chamber and a rod end chamber (not shown) of a hydraulic actuator
respectively. In other embodiments, the first and second outlet ports 448, 450
may be configured to selectively communicate fluid from the spool supply
passageway 420 to an additional valve assembly (not shown) that is associated
with one of the hydraulic actuators. For example, the first and second outlet ports
448, 450 of the control modules 306, 308 may connect with the head end and rod
end chambers of the ripper lift actuators 120 and the ripper tilt actuators 122,
while the first and second outlet ports 448, 450 of the control modules 302, 304
may connect with a quick drop valve and a regeneration valve (not shown) that
are associated with the lift actuators 112, 114 and the tilt actuators 116, 118 of the
machine 100 respectively.

The body 314 also has a pair of electrohydraulic spool actuators

452, 454 that are located at a second end 456 of the body 314 and operable to
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axially displace the spool 406 within the spool chamber 402. The pair of spool
actuators 452, 454 are positioned in parallel and disposed adjacent to one another.
In embodiments herein, the pair of spool actuators 452, 454 may be embodied as
proportional solenoid control valves. Therefore, for sake of the present
disclosure, the spool 406 may be regarded as a proportional directional spring-
centered 3-way or 4-way control valve depending upon the specific hardware
design of each control module 302, 304, 306, and 308 respectively. For instance,
as shown in FIG. 5, the spool 406 used in the control module 302 is embodied as
a 4-way directional control valve while the spool 406s used in respective ones of
the control modules 304, 306, and 308 may embody the 3-way directional control
valve. Although the spool 406 associated with the bodies 312-318 of the control
modules 302, 304, 306, and 308 is disclosed herein as a 3-way or 4-way
directional control valve, persons skilled in the art can contemplate implementing
other configurations of the spool 406 depending on one or more fluid delivery
requirements that are associated with each hydraulic actuator 112-122 of the
machine 100.

Further, in embodiments herein, the hydrostat 424 may be a slip-in
type cartridge valve assembly that may be readily available for installation within
the body 314 of the control module 302 as shown in the view of FIG. 4.
Although a slip-in type cartridge type valve assembly is disclosed herein, it may
be noted that a manner of installation for the pressure compensating hydrostat
424 within the inlet chamber 418 of the body 314 of the control module 302 is
exemplary in nature and hence, should not be construed as being limiting of this
disclosure. Other types of valve assemblies such as a screw-in type cartridge
valve assembly may be used to implement the hydrostat 424 in lieu of the slip-in
type cartridge valve assembly disclosed herein.

The body 314 also has a first port 458 in fluid communication
with the first outlet port 448 via a first passageway 460, and a second port 462 in
fluid communication with the second outlet port 450 via a second passageway
464. Further, the first port 458 is in selective fluid communication with the spool

406 via a third passageway 466, and the second port 462 is in selective fluid
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communication with the spool 406 via a fourth passageway 468. Also, in
embodiments herein, the load sensing passageway 404 may be disposed in
selective and independent fluid communication with one of the third and fourth
passageways 460, 468. The load sensing passageway 404 is configured to
generate a fluid pressure signal to bias the first end 432 of the valve member 428
away from the first end 410 of the body 314 so as to regulate a flow of fluid from
the inlet port 422 to the inlet chamber 418, for instance, when transient loading
conditions occur at the head end chamber or the rod end chamber of the actuator,
for instance, the ripper tilt actuator 122.

In embodiments herein, each control module 302, 304, 306, and
308 may further include at least one of a first check valve 510, a first pilot-
operated relief valve 470, and a third plug 506 disposed in the first port 458 of the
body 314. For example, as shown in the schematic of FIG. 5, the first check
valve 510 may be disposed in the first port 458 of each of the control modules
302, 306, the third plug 506 may be disposed in the first port 458 of the control
module 304, and the first pilot-operated relief valve 470 may be disposed in the
first port 458 of the control module 308. Further, in embodiments herein, each
control module 302, 304, 306, and 308 may also include one of a second check
valve 472 and a fourth plug 512 disposed in the second ports 462 of the bodies
312-318 from corresponding ones of the control modules 302-308 respectively.
For example, as shown in the schematic of FIG. 5, the fourth plug 512 may be
disposed in the second port 462 of each of the control modules 302, 304, and 308,
and the second check valve 472 may be disposed in the second port 462 of the
control module 308.

Moreover, as shown in the schematic of FIG. 5, the body 312-318
of one of the control modules 302, 304, 306, and 308, for instance, the body 312
of the control module 302 may be configured differently from the body 314 of
the control module 304 in that the body 312 of the control module 302 may be
configured to house an electrohydraulic pilot supply valve 502 therein. In
operation, the pilot supply valve 502 may be energized to allow a pilot supply of

fluid from a fluid source, for example, a pump (not shown) via a pilot supply line



WO 2020/185332 PCT/US2020/016910

10

15

20

25

30

-13-

504 into one or both spool actuation lines associated with the pair of
electrohydraulic spool actuators 452, 454. Based on the energization of the first
spool actuator 452 and/or the second spool actuator 454 from the pair of
electrohydraulic spool actuators 452, 454, one or both end actuators 528, 530
associated with the spool 406 i.e., the proportional control valve can cause the
spool 406 to move into one of many pre-defined positions of the spool 406 with
respect to the spool chamber 402 for allowing fluid from the fluid source i.e., the
pump to be routed via the pump supply line 508 so as to cause, or prevent,
displacement of the actuator based on an inter-relative positioning of the spool
406 with the spool chamber 402.

Further, as shown in the schematic of FIG. 5, upon coupling the
control modules 302, 304, 306 and 308, the manifold 300 may define a pilot
discharge line 518 in fluid communication with the pilot discharge port 524. The
pilot discharge line 518 is configured to return pilot actuation fluid from the end
actuators 528, 530 of the spool 406, via the pair of spool actuators 452, 454 and
the associated pilot discharge passageways 520, to the pilot discharge port 524
when one or both spool actuators 452, 454 are de-energized.

Furthermore, as best shown in the schematic of FIG. 5, upon
coupling the control modules 302, 304, 306 and 308, the manifold 300 defines a
pump supply line 508 in fluid communication with the inlet port 422 of each
control module 302, 304, 306 and 308. The pump supply line 508 may be
disposed in selective fluid communication with the spool chamber 402 via the
valve member 428 of the hydrostat 424 which is depicted schematically as a two-
position pilot-operated inlet valve. Furthermore, as shown, the inlet valve 428 is
configured in selectively communicate fluid from the pump supply line 508 to the
load check valve 426 located downstream of the inlet valve 428.

As shown in the view of FIG. 5, each control module 302, 304,
306 and 308 has a drain port 521 that is disposed in selective fluid
communication with the first port 458 and the second port 462 via a drain line
523. The drain port 521 is also disposed in selective fluid communication with

the inlet port 422 via a pressure relief passageway 534 having a pilot-operated
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main pressure relief valve 532 disposed therein. The pilot-operated main
pressure relief valve 532 is configured to bleed fluid from the inlet port 422 to the
drain port 521, via the pump supply line 508 and the pressure relief passageway
534, based on a pump supply pressure at the inlet port 422 exceeding a load
pressure signal.

Further, the manifold 300 also includes a load sensing line 514
that is in selective fluid communication with the load sensing passageway 404 via
a bi-directional pilot-operated shuttle valve 516. Moreover, as shown, the load
sensing passageway 404 associated with the spool 406 is also fluidly coupled to
the hydrostat 424 i.e., the two-position pilot operated inlet valve 428. Therefore,
in embodiments herein, the load pressure signal is provided by the load sensing
passageway 404 to the pump, via the shuttle valve 516 and the load sensing line
514, and the hydrostat 424 for varying a pump displacement, and for varying the
flow rate of fluid from the inlet valve 428 into the inlet chamber 418 of the
control modules 304 respectively.

In operation, when a pressure in the spool chamber 402 increases
from operation of one of the spool actuators 452, 454, a corresponding increase in
pressure, proportional to the increase in pressure of the spool chamber 402,
occurs in the load sensing passageway 404 of the control module 304. This
increase in pressure of the load sensing passageway 404 acts on the first end 432
of the valve member 428 of the hydrostat 424 to cause movement of the valve
member 428 towards a flow blocking position with respect to the body 314 of the
control module 304 i.e., to restrict flow of fluid between the inlet chamber 418
and the spool supply passageway 420 (refer to FIG. 4).

Also, with continued reference to FIG. 4, it may be noted that
when the net force on the valve member 428 equals zero i.e., the pressure
differential between the first and second ends 432, 438 of the valve member 428
is zero, the valve member 428 moves to a flow permitting position for allowing
fluid flow from the inlet chamber 418 to an intermediate chamber 419 located
between the valve member 428 and the load check valve 426. Based on a

pressure of the fluid between the valve member 428 and the load check valve 426
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(i.e., the pressure of fluid in the intermediate chamber 419) overcoming the
biasing force of the second spring 440 of the load check valve 426, the load
check valve 326 may open to route fluid from the intermediate chamber 419 to
the spool chamber 402 via the spool supply passageway 420.

In embodiments herein, it may be noted that the mounting
through-holes 320 from the bodies 312-318 of respective ones of the control
modules 302, 304, 306, and 308 are in axial alignment to correspond with one
another for facilitating insertion of the fasteners 310 therein. Further, the inlet
ports 422, the drain ports 521, the pilot supply ports 522, the pilot discharge ports
524, and the load sensing ports 526 from individual control modules 302, 304,
306, and 308 are also in axial alignment to correspond with one another so that
upon securing the bodies 312-318 of respective control modules 302, 304, 306,
and 308, the inlet ports 422, the drain ports 521, the pilot supply ports 522, the
pilot discharge ports 524, and the load sensing ports 526 from individual control
modules 302, 304, 306, and 308 can communicate fluid with the inlet ports 422,
the drain ports 521, the pilot supply ports 522, the pilot discharge ports 524, and
the load sensing ports 526 from adjacently located control modules 302, 304,
306, and 308 via the pump supply line 508, the drain line 523, the pilot supply
line 504, the pilot discharge line 518, and the load sensing line 514 respectively.

Referring to FIGs. 6-7, a perspective view and schematic of the
modular manifold 600 is depicted, in accordance with another embodiment of the
present disclosure. As illustrated in the embodiment of FIGs. 6 and 7, the
modular manifold 600 includes five control modules 602, 604, 606, 608 and 610,
and one pressure relief module 612 that is positioned between the control
modules 608 and 610 and in fluid communication with the stack of control
modules 602-608 and the control module 610 respectively. In this embodiment,
the individual control modules 602 and 608 correspond with both the lift
actuators 112, 114 present on the machine 100 while the control modules 604,
606, and 610 correspond to the ripper lift actuators 120, the ripper tilt actuators
122, and the pair of tilt actuators 116, 118 respectively. The configuration of the
manifold 600, that is, the two control modules 602 and 608 of the manifold 600



WO 2020/185332 PCT/US2020/016910

10

15

20

25

30

-16-

in particular, may be implemented for use in controlling one pair of hydraulic
actuators i.e., in this case, the lift actuators 112, 114 in scenarios where the
machine 100 is of a larger-than-usual size. For example, a large tractor that
typically operates with greater fluid delivery demands when compared to
conventionally sized tractors.  Therefore, it will be appreciated that in
embodiments herein, two or more control modules may be provided to
correspond with a pair of hydraulic actuators having the same function, for
example, the pair of lift actuators 112, 114 as disclosed in reference to the
schematic of FIG. 7.

Further, in this embodiment, bodies of the individual control
modules 602, 604, 606, 608 and 610 are configured to define the inlet ports 422,
the drain ports 521, the pilot supply ports 522, the pilot discharge ports 524, and
the load sensing ports 526. However, owing to the greater fluid delivery demands
when the machine 100 is of a larger-than-usual size machine, the distally located
inlet ports 422 from the pair of control modules 602 and 610, denoted by alpha-
numerals 422a and 422b respectively, may be used provide fluid flow from a pair
of pumps (not shown) into the pump supply lines 508a and 508b respectively.
Further, as shown, the pressure relief module 612 includes a check valve 616 that
allows fluid from one of the two pumps i.e., the pump connected via the inlet port
422b to supply the pump supply line 508a, via the pump supply line 508b, with
additional flow of fluid when conditions of increased load demands are
experienced by the manifold 600.

As shown in the illustrated embodiment of FIG. 7, a first load
sensing line 514a from the stack of control modules 602-608 located on one side
of the pressure relief module 612 is configured to terminate at the pressure relief
module 612. This first load sensing line 514a has a first load sensing port 526a
defined at the distally located control module 602. Also, the control module 610
has a second load sensing port 526b in communication with a second load
sensing line 514b that is also configured to terminate at the pressure relief module
612. Further, the pressure relief module 612 defines a pressure relief passageway

534 having a pilot-operated pressure relief valve 614 disposed therein.
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Furthermore, the pilot-operated main relief valve 614 is configured to selectively
communicate bleed off excess fluid from the pump supply lines 508a and/or 508b
via the drain ports 521 and a main drain port 620 of the pressure relief module
612 when the pump supply pressure exceeds the load pressure signal of the stack
of control modules 602-608 and/or the control module 610.

As such, in this embodiment, the pressure relief module 612 may
be configured to define a third load sensing passageway 526¢ that, together with
the first and second load sensing ports 526a, 526b, co-operatively provides a
cumulative load pressure signal to the pair of pumps for varying their respective
displacements. This configuration of the first, second, and third load sensing
ports 526a, 526b, and 526¢ may improve a system response of the manifold 600
to dynamically changing loads associated with the hydraulic actuators 112-122 of
the machine 100.

Also, in this embodiment, the pressure compensated hydrostat 424
has been omitted from the stack of control modules 602, 604, 606, 608 and 610
and only one control module i.e., the control module 610 has the pressure
compensated hydrostat 424 disposed therein. Further, the bi-directional shuttle
valve 516 is associated with only three control modules 7.e., the control modules
602, 604, and 606 of the manifold 600 while the load check valves 426 are
associated with each of the control modules 602, 604, 606, 608 and 610 present
in the manifold 600. It may be noted that in embodiments herein, the bi-
directional shuttle valve 516, the pressure compensating hydrostat 424, and the
load check valve 426 may be selectively disposed in each of the control modules
602, 604, 606, 608 and 610 based on a fluid metering requirements associated
with corresponding ones of the hydraulic actuators i.e., the lift actuators 112, 114,
the tilt actuators 116, 118, the ripper lift actuators 120, and the ripper tilt
actuators 122 respectively.

In embodiments herein, it may be noted that a controller may be
associated with the manifolds of the present disclosure. The controller may be a
stand-alone controller or may be configured to co-operate with an existing

electronic control unit (ECU) (not shown) of the machine 100. Further, the
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controller 376 may embody a single microprocessor or multiple microprocessors.
Numerous commercially available microprocessors can be configured to perform
the functions of the controller 376 disclosed herein. It should be appreciated that
the controller 376 could readily be embodied in a general machine
microprocessor capable of controlling numerous machine functions. The
controller 376 may also include a memory and any other components for running
an application. Various circuits may be associated with the controller 376 such as
power supply circuitry, signal conditioning circuitry, solenoid driver circuitry,
and other types of circuitry. Also, various routines, algorithms, and/ or programs
can be stored at the controller 376 for controlling an operation of the pilot supply
valve 502 and the pair of spool actuators 452, 454 for controlling movement
and/or positioning of the work implements 108, 110 relative to the frame 102 or
the work surface 106 based, at least in part on, for example, a current position of
the work implements 108, 110 as sensed and output by one or more position
sensors (not shown) associated therewith.

FIG. 8 illustrates a method 800 for controlling at least two
hydraulic actuators 112-122 of the earthmoving machine 100, in accordance with
embodiments of the present disclosure. Although the method 800 is disclosed in
reference to the manifold 300 of FIGs. 3-5, the method 800 may be similarly
applicable for producing the manifold 600 without deviating from spirit of the
present disclosure. As shown at step 802 of FIG. 8, the method 800 includes
providing at least two control modules i.e., the control modules 302-308 such that
the at least two control modules 302-308 have a pair of bodies located adjacent to
one another. At step 804, the method 800 further includes defining, in each body
312-318, the spool chamber 402 having the load sensing passageway 404
associated therewith, and the inlet chamber 418 in parallel relation to the spool
chamber 402 and in selective fluid communication with the spool 406 via the
spool supply passageway 420.

At step 806, the method 800 further includes providing, in each
body 312-318, the spool 406 such that the spool 406 is axially, and at least
partially, positioned within the spool chamber 402, the end cap 408 at the first
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end 410 of each body 312-318 such that the end cap 408 has the spring 416 to
bias the spool 406 away from the end cap 408, and the pair of electrohydraulic
spool actuators 452, 454 at the second end of each body 312-318 such that the
pair of spool actuators 452, 454 are positioned in parallel and disposed adjacent
to one another.

At step 808, the method 800 further includes defining, in each
body 312-318, the inlet port 422 such that the inlet port 422 is in fluid
communication with the spool supply passageway 420, the first and second outlet
ports 448, 450 such that the first and second outlet ports 448, 450 are in selective
and independent fluid communication with the spool chamber 402 based on a
position of the spool 406 within the spool chamber 402, and the pilot supply and
discharge ports 522, 524 such that the pilot supply and discharge ports 522, 524
are in fluid communication with the pair of electrohydraulic spool actuators 452,
454 via the pilot supply line 504 and the pilot discharge line 518 respectively.

Additionally, in embodiments herein, the method 800 also
includes defining, in each body 312-318, the first port 458 such that the first port
458 is in fluid communication with the first outlet port 448 via the first
passageway 460 and in selective fluid communication with the spool chamber
402 via the third passageway 466, and the second port 462 such that the second
port 462 is in fluid communication with the second outlet port 450 via the second
passageway 464 and in selective fluid communication with the spool chamber
402 via the fourth passageway 468. Further, the method 800 also includes
defining the load sensing passageway 404 within each body 312-318 such that
the load sensing passageway 404 is in selective and independent fluid
communication with each of the third and fourth passageways 466, 468.

Furthermore, in embodiments herein, the method 800 also
includes defining, in each body 312-318, the drain port 521 such that the drain
port 521 is in selective fluid communication with the first and second ports 458,
462 via the drain line 523, and also in selective fluid communication with the
inlet port 422 via the pressure relief passageway 534. In this embodiment, the

method 800 also includes providing the pilot-operated main pressure relief valve
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532 in the pressure relief passageway 534 such that the pilot-operated main
pressure relief valve 532 is configured to operatively bleed fluid from the inlet
port 422 to the drain port 521 via the pressure relief passageway 534 based on a
pump supply pressure at the inlet port 422 exceeding a load pressure signal.

Various embodiments disclosed herein are to be taken in the
illustrative and explanatory sense and should in no way be construed as limiting
of the present disclosure. All joinder references (e.g., associated, provided,
connected, coupled and the like) are only used to aid the reader's understanding
of the present disclosure, and may not create limitations, particularly as to the
position, orientation, or use of the control modules, the systems and/or methods
disclosed herein. Therefore, joinder references, if any, are to be construed
broadly. Moreover, such joinder references do not necessarily infer that two
elements are directly connected to each other.

Additionally, all numerical terms, such as, but not limited to,
“first”, “second”, or any other ordinary and/or numerical terms, should also be
taken only as identifiers, to assist the reader’s understanding of the various
elements of the present disclosure, and may not create any limitations,
particularly as to the order, or preference, of any element relative to or over
another element.

It is to be understood that individual features shown or described
for one embodiment may be combined with individual features shown or
described for another embodiment. The above described implementation does not
in any way limit the scope of the present disclosure. Therefore, it is to be
understood although some features are shown or described to illustrate the use of
the present disclosure in the context of functional segments, such features may be
omitted from the scope of the present disclosure without departing from the spirit

of the present disclosure as defined in the appended claims.

Industrial Applicability

With implementation of the embodiments disclosed herein,

manufacturers of earthmoving machines can easily and quickly install the



WO 2020/185332 PCT/US2020/016910

10

15

20

25

30

21-

manifolds 300/600 for controlling movement of at least two hydraulic actuators
of the machine. The manifolds of the present disclosure also helps manufacturers
to reduce an amount of plumbing required to accomplish fluid transmission in a
machine. Consequently, the manifolds also help manufacturers and users of
earthmoving machines to increase value chain efficiency while reducing time,
costs, and effort that was associated with installing and operating conventionally
known fluid transmission setups that typically required extensive plumbing.

Moreover, with use of embodiments disclosed herein, a placement
of components, for instance, the positioning of the inlet chamber 418 in parallel
to the spool chamber 402, the locating of the spool actuators 452, 454 at one end
of the manifold 300/600 and the positioning the spool actuators 452, 454
adjacently and in parallel to one another may render each of the manifolds
300/600 with a compact configuration, thereby helping manufacturers to install
these manifolds 300/600 in locations that are typically associated with tight space
constraints.

The bodies of individual control modules may be formed using
metals, for example, ductile iron, brass, or a thermoplastic polymer, for example,
High-density polyethylene (HDPE). The bodies of individual control modules
may also be produced using commonly known processes including, but not
limited to, die-casting, machining, additive manufacturing or other known to
persons skilled in the art. Therefore, a manufacture of the bodies may be
accomplished easily, quickly, and in a cost-effective manner. By using the
housing to enclose the assembly of aforementioned components disclosed herein,
the bodies of individual control modules may also help prevent deterioration of
the components within when operating in extreme or harsh environments. Thus,
the manifolds of the present disclosure also help to reduce downtimes previously
associated with the machine, owing to frequent maintenance, repair or
replacement of traditionally known fluid transmission setups that are exposed to
similar working environments.

While aspects of the present disclosure have been particularly

shown and described with reference to the embodiments above, it will be
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contemplated by the modification of the disclosed machines, systems, methods
and processes without departing from the spirit and scope of what is disclosed.
Such embodiments should be understood to fall within the scope of the present

5  disclosure as determined based upon the claims and any equivalents thereof.
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Claims

I. A control module (302/304/306/308) for controlling
operation of a hydraulic actuator associated with an earthmoving machine (100),
the control module (302/304/306/308) comprising:

a body (312/314/316/318) having:

a spool chamber (402) having a load sensing passageway (404)
associated therewith;

a spool (406) positioned axially, and at least partially, within the
spool chamber (402), the spool (406) spring-biased by an end cap (408) located at
a first end (410) of the body (314);

a pair of electrohydraulic spool actuators (452, 454) located at a
second end (456) of the body (314), the pair of spool actuators (452, 454)
positioned in parallel and disposed adjacent to one another, wherein the pair of
spool actuators (452, 454) are operable to axially displace the spool (406) within
the spool chamber (402); and

an inlet chamber (418) located parallel to the spool chamber (402)
and disposed in fluid communication with the spool chamber (402) via a spool
supply passageway (420), wherein the inlet chamber (418) defines an inlet port
(422) and has, selectively disposed therein, one of:

a pressure compensating hydrostat (424) having a valve member
(428) moveably positioned between a flow blocking position and a flow
permitting position to fluid from the inlet port (422) by a fluid pressure
differential between the spool supply passageway (420) and the load sensing
passageway (404), the valve member (428) biased by a first spring (430) located
between a first end (432) of the valve member (428) and a first plug (434)
disposed at an end port (436) of the inlet chamber (418); and

a load check valve (426) axially biased towards a second end
(438) of the valve member (428) by a second spring (440) captured between a
bearing surface (442) of the load check valve (426) and a second plug (444)
located at another end port (446) of the inlet chamber (418), the other end port
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(446) of the inlet chamber (418) disposed in a direction opposite to the end port
436 of the inlet chamber (418).

2. The control module of claim 1, wherein the body (314) has
a first outlet port (448) and a second outlet port (450) in selective and
independent fluid communication with the spool supply passageway (420), via
the spool chamber (402), based on a position of the spool (406) within the spool
chamber (402).

3. The control module of claim 2, wherein the body (314)
has:

a first port (458) in fluid communication with the first outlet port
(448) via a first passageway (460); and

a second port (462) in fluid communication with the second outlet

port (450) via a second passageway (464).

4. The control module of claim 3, wherein:

the first port (458) is in selective fluid communication with the
spool chamber (402) via a third passageway (466); and

the second port (462) is in selective fluid communication with the

spool chamber (402) via a fourth passageway (468).

5. The control module of claim 4, wherein the load sensing
passageway (404) is in selective and independent fluid communication with one

of the third and fourth passageways (466, 468).

6. The control module of claim 3 further comprising one of: a
first check valve (510), a first pilot-operated relief valve (470), and a third plug
(506) disposed in the first port (458) of the body (314).
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7. The control module of claim 3 further comprising one of: a
second check valve (472) and a fourth plug (512) disposed in the second port
(462) of the body (312/314/316/318).

8. The control module of claim 3 further comprising a drain
port (521) in selective fluid communication with:

the first port (458) and the second port (462) via a drain line (523);
and

the inlet port (422) via a pressure relief passageway (534) having a
pilot-operated main pressure relief valve (532) disposed therein, the pilot-
operated main pressure relief valve (532) configured to bleed fluid from the inlet
port (422) to the drain port (521) via the pressure relief passageway (534) based
on a pump supply pressure at the inlet port (422) exceeding a load pressure

signal.
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PROVIDE AT LEAST TWO CONTROL MODULES SUCH THAT joz

THE AT LEAST TWO CONTROL MODULES HAVE A PAIR OF
BODIES LOCATED ADJACENT TO ONE ANOTHER

l

DEFINE, IN EACH BODY, A SPOOL CHAMBER HAVING A LOAD
SENSING PASSAGEWAY ASSOCIATED THEREWITH, AND AN 804
INLET CHAMBER IN PARALLEL RELATION TO THE SPOOL  |—"
CHAMBER AND IN SELECTIVE FLUID COMMUNICATION WITH
THE SPOOL CHAMBER VIA A SPOOL SUPPLY PASSAGEWAY

l

PROVIDE, IN EACH BODY A SPOOL SUCH THAT THE SPOOL IS
AXIALLY, AND AT LEAST PARTIALLY, POSITIONED WITHIN
THE SPOOL CHAMBER, AN END CAP AT A FIRST END OF

EACH BODY SUCH THAT THE END CAP HAS A SPRING TO 806
BIAS THE SPOOL AWAY FROM THE END CAP, AND A PAIR OF |
ELECTROHYDRAULIC SPOOL ACTUATORS AT A SECOND
END OF EACH BODY SUCH THAT THE PAIR OF SPOOL
ACTUATORS ARE POSITIONED IN PARALLEL AND DISPOSED
ADJACENT TO ONE ANOTHER

l

DEFINE, IN EACH BODY AN INLET PORT SUCH THAT THE
INLET PORT IS IN FLUID COMMUNICATION WITH THE SPOOL
SUPPLY PASSAGEWAY, A FIRST AND SECOND OUTLET PORT
SUCH THAT THE FIRST AND SECOND OUTLET PORTS ARE IN

SELECTIVE AND INDEPENDENT FLUID COMMUNICATION 808

WITH THE SPOOL CHAMBER BASED ON A POSITION OF THE |
SPOOL WITHIN THE SPOOL CHAMBER A PILOT SUPPLY PORT
AND A PILOT DISCHARGE PORT SUCH THAT THE PILOT
SUPPLY AND DISCHARGE PORTS ARE IN FLUID
COMMUNICATION WITH THE PAIR OF ELECTROHYDRAULIC
SPOOL ACTUATORS VIA A PILOT SUPPLY LINE AND A PILOT
DISCHARGE LINE RESPECTIVELY

FIG. 8



International application No.
PCT/US2020/016910

INTERNATIONAL SEARCH REPORT

A. CLASSIFICATION OF SUBJECT MATTER
EO2F 3/84(2006.01)i, EO2F 9/22(2006.01)i

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
EO02F 3/84; F02M 63/00; F15B 11/16; F15B 13/042; F15B 13/043; F15B 13/06, F15B 13/08; F16K 31/12; F17D 001/00; EO2F 9/22

Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & Keywords: hydraulic, actuator, spool, hydrostat, load and sensing

C. DOCUMENTS CONSIDERED TO BE RELEVANT

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

A US 2008-0282691 A1 (BULGARELLI, CLAUDIO et al.) 20 November 2008 1-8
paragraphs [0022]-[0046] and figures 1-3

A US 2005-0211320 A1 (GREENWOOD, JASON et al.) 29 September 2005 1-8
paragraphs [0006], [0018]-[0029] and figures 1-6

A US 2015-0267720 A1 (SHANGHAI RENHAO HYDRAULIC TECHNOLOGY CO., LTD.) 24 Septe 1-8
mber 2015
paragraphs [0046]-[0058] and figure 4-1

A US 2017-0314577 A1 (KYB CORPORATION) 02 November 2017 1-8
paragraphs [0020]-[0075] and figures 1-2

A KR 10-2012-0072519 A (DOOSAN INFRACORE CO., LTD.) 04 July 2012 1-8
paragraphs [0023]-[0062] and figures 2-5

|:| Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents:

"A" document defining the general state of the art which is not considered
to be of particular relevance

"D" document cited by the applicant in the international application

"E" eatlier application or patent but published on or after the international
filing date

"L"  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other means

"P" document published prior to the international filing date but later

than the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents,such combination
being obvious to a person skilled in the art

document member of the same patent family

'

myn

ngn

Date of the actual completion of the international search
29 May 2020 (29.05.2020)

Date of mailing of the international search report

05 June 2020 (05.06.2020)

Name and mailing address of the [SA/KR

International Application Division

Korean Intellectual Property Office

189 Cheongsa-ro, Seo-gu, Dagjeon, 35208, Republic of Korea

Facsimile No, 182-42-481-8578

Authorized officer

LEE, Eon Su

Telephone No. +82-42-481-8539

Form PCT/ISA/210 (second sheet) (July 2019)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/US2020/016910
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2008-0282691 Al 20/11/2008 AT 450714 T 15/12/2009
DK 1860327 T3 19/04/2010
EP 1860327 Al 28/11/2007
EP 1860327 Bl 02/12/2009
US 7581487 B2 01/09/2009
US 2005-0211320 Al 29/09/2005 EP 1580438 A2 28/09/2005
EP 1580438 A3 08/04/2009
US 7021332 B2 04/04/2006
US 2015-0267720 Al 24/09/2015 CN 102913495 A 06/02/2013
CN 102913495 B 20/05/2015
DE 112013004786 ThH 06/08/2015
US 9631644 B2 25/04/2017
WO 2014-048181 Al 03/04/2014
US 2017-0314577 Al 02/11/2017 CN 106715924 A 24/05/2017
CN 106715924 B 26/04/2019
DE 112015004854 ThH 06/07/2017
JP 2016-084884 A 19/05/2016
JP 6440451 B2 19/12/2018
KR 10-2017-0038933 A 07/04/2017
US 10107309 B2 23/10/2018
WO 2016-067887 Al 06/05/2016
KR 10-2012-0072519 A 04/07/2012 KR 10-1704042 B1 07/02/2017

Form PCT/ISA/210 (patent family annex) (July 2019)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - wo-search-report
	Page 37 - wo-search-report

