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DESCRIPTION

Field of the Disclosure

[0001] The present disclosure relates generally to solution systems, and, more particularly to a
distributed pump system for agricultural sprayers.

Background of the Disclosure

[0002] In large sprayer applications, several materials or solutions, such as nutrients,
herbicides, paints, chemicals and other liquids, are applied to agricultural crops or industrial
surfaces. Due to the large amounts of fluid and different fluid solutions involved, the control
pumps for fluid filling, cleansing, mixing, agitating, spraying and pressurizing are very
complicated, bulky, heavy and expensive. Further, the conversation of materials and solutions
IS becoming more important for customers to save money and to reduce the environmental
impact, as well as to address environmental regulations imposed by different countries. For
example, regulations may vary by country as to the type of fluids and concentration levels that
may be used In large sprayer applications.

[0003] To address such concerns, some conventional approaches have employed the use of
application systems that provide solution to a boom by one main supply line via a chassis
mounted pump that provides the flow for all functions (spraying, loading, agitating, educating,
rinsing). Drawbacks to such approaches include non-uniform spray applications and limited to
single spray.

[0004] To overcome these drawbacks, other conventional approaches have employed the use
of dual pumps and manifolds that allow for two different applications at one time. Due to the
plumbing and piping arrangement of such systems, system pressures become difficult to
control, thereby resulting in uneven pressure distribution across the spray boom and therefore
an uneven application rate. For example, as spray booms become wider the problem of
uneven distribution 1s amplified due to head pressures from elevation differences from the
pressure transducer to the outer most spray nozzle. This occurs both when the spray boom
wing Is tilted to compensate for elevation changes and when the sprayer i1s applying with the
boom down an incline.

[0005] As such, there Is a need In the art for an improved solution system that overcomes the

limitations of the conventional approaches and that provides for spot spraying and increased
application uniformity.

summary of the Disclosure
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[0006] According to an aspect of the present disclosure, a distributed pump system is
disclosed. The distributed pump system can comprise a supply source and a support structure
arranged on or proximate an agricultural vehicle movable across a field. At least two fluid
distribution elements are mounted to the support structure and coupled at an inlet to a first
conduit to provide fluid communication between the fluid distribution elements and the supply
source. An application system is arranged downstream of the fluid distribution elements and
Includes at least two application units each having a plurality of dispensing nozzles coupled
thereto. Each application unit is respectively coupled to one or more of the fluid distribution
elements by a second conduit. At least one first monitoring device coupled to the second
conduit and 1s associated with a respective application unit and fluid distribution element. The
at least one first monitoring device Is configured to sense a downstream flow parameter of the
second conduit and generate a corresponding output signal. An electronic control unit Is
communicatively coupled to each of the fluid distribution elements and iIs configured to
dynamically adjust an input parameter of one or more of the fluid distribution elements when
the sensed downstream flow parameter 1s above or below a predetermined threshold to
maintain a desired spray output of the plurality of dispensing nozzles. Each of the two fluid
distribution elements comprise one of centrifugal pumps, positive displacement pumps,
variable displacement pumps.

[0007] Other features and aspects will become apparent by consideration of the detailed
description and accompanying drawings.

Brief Description of the Drawings

[0008] The detailed description of the drawings refers to the accompanying figures in which:
FIG. 1A 1s a schematic illustration of a distributed pump system according to an embodiment;

FIG. 1B 1s a schematic illustration of the distributed pump system of FIG. 1A according to an
embodiment;

FIG. 1C Is a schematic illustration of the distributed pump system of FIG. 1A according to an
embodiment;

FIG. 2 I1s a block diagram of a control system used In the distributed pump system of FIG. 1A
according to an embodiment;

FIG. 3 1s a schematic illustration of a distributed pump system according to an embodiment;
FIG. 4 1s a schematic illustration of a distributed pump system according to an embodiment;
FIG. 5 1s a schematic illustration of a distributed pump system according to an embodiment;

FIG. 6 Is a schematic illustration of a distributed pump system according to an embodiment;
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and

FIG. 7 iIs an illustration of a distributed pump system in use with an agricultural sprayer.

Detailed Description of the Drawings

[0009] Referring to FIGS. 1A-2, a schematic illustration of a distributed pump system 100 for
use with an agricultural sprayer 500 1s shown according to an embodiment. Although the
distributed pump system 100 is shown as being incorporated in an agricultural sprayer system,
it should be noted that system 100 may be incorporated in other application systems such as
seeding, cultivating, or planting and that embodiments discussed herein are merely for
exemplary purposes to aid in an understanding of the present disclosure.

[0010] In embodiments, the distributed pump system 100 can comprise a plurality of fluid
distribution elements 104 fixedly or removably coupled to a support structure 106, which are
arranged to receive a supply of applicator solution from a supply source 102 for distribution to
an application system 108. At least one first monitoring device 114 can be arranged proximate
the application system 108 and is used to monitor flow parameters of the distributed pump
system 100 for feedback to an electronic control unit 115 to allow for automated and adaptive
control of the fluid distribution elements 104.

[0011] In some embodiments, the supply source 102 can be arranged upstream of the plurality
of fluid distribution elements 104 and can comprise one or more solution reservoirs 103
arranged on or proximate an agricultural vehicle 502 (refer, e.g., to FIG. 7). In other
embodiments, the supply source 102 can further comprise a charge pump 105 arranged an
outlet of the one or more solution reservoirs 103 (FIG. 1C) that i1s configured to provide a flow
of pressurized applicator solution to downstream components (e.g., fluid distribution elements
104 and application units 110) to maintain a desired system pressure. At least one second
monitoring device 116 can be arranged proximate an outlet of the charge pump 105 to monitor
flow parameters of the first conduit 120.

[0012] As depicted In FIGS. 1A-1C, the plurality of fluid distribution elements 104 can be
arranged In fluld communication with the supply source 102 via a first conduit 120. For
example, the plurality of fluid distribution elements 104 can be adjacently arranged to receive a
supply of applicator solution (e.g., nutrients, herbicides, chemicals, etc.) from either a shared
(FIGS. 1A and 1C) or dedicated (FIG. 1B) supply source 102. In some embodiments, the fluid
distribution elements 104 can comprise one or more hydraulic and/or electric pumps such as
centrifugal pumps, variable displacement pumps, fixed displacement pumps, or combinations
thereof, which are sized and scaled according to a variety of application and specification
requirements.
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[0013] As discussed above, each of the plurality of fluid distribution elements 104 can be
coupled to the support structure 106, which can comprise structural elements of the
agricultural vehicle 502 or of apparatuses attached thereto (e.g., a vehicle chassis or a boom
assembly). The structural arrangement and layout of the fluid distribution elements 104, as well
as supply source 102, can and will vary based on the selected support structure 106 design.
For example, in embodiments in which the support structure 106 comprises a vehicle chassis,
each of the fluid distribution elements 104 can be adjacently arranged and positioned to

receive fluid directly from the solution reservoirs 103 (i.e., supply source 102 is directly coupled
to the fluid distribution elements 104 via the first conduit 120).

[0014] In other embodiments, such as when the support structure 106 comprises the boom
assembly, the plurality of fluid distribution elements 104 can be mounted directly to the boom
assembly and can be supplied via the charge pump 105 rather than receiving a direct supply of
applicator solution from the solution reservoirs 103.

[0015] The application system 108 can comprise a plurality of application units 110 each
having one or more dispensing nozzles 112 arranged to distribute the supply of applicator
solution over an agricultural field. In some embodiments, each application unit 110 can be
coupled to one or more of the fluid distribution elements 104 via a second conduit 122. The
first monitoring device 114 can be coupled to the second conduit 122 proximate an outlet of the
fluid distribution elements 104 and arranged upstream of the application system 108. In
various embodiments, the first monitoring device 114 can comprise a variety of sensor devices
such as, e.g., pressure sensors, pressure transducers, flow meters, velocity meters, or
combinations thereof, which are configured to measure system flow parameters and provide
feedback signals to the electronic control unit 115.

[0016] As illustrated In FIG. 2, the electronic control unit 115 can be communicatively coupled
to the first and second monitoring devices 114, 116, fluid distribution elements 104, and charge
pump 105, and can be configured to generate an output signal to dynamically adjust an input
parameter of each of the fluid distribution elements 104 and/or charge pump 105 based on the
feedback signal generated by the first and second monitoring devices 114, 116. The electronic
control unit 115 can comprise a microprocessor, a microcontroller, a digital signal processor, a
programmable logic controller, or other suitable computing devices that is arranged locally on
the agricultural vehicle 502 or remotely at a remote processing facility.

[0017] As will be appreciated by those skilled in the art, FIGS. 1A-2 are provided merely for
llustrative and exemplary purposes and are in no way Intended to limit the present disclosure
or its applications. In other embodiments, the component sizing and capacities, arrangement
and/or structural configuration of the distributed pump system 100 can and will vary according
to application and specification requirements. For example, In some embodiments, the
distributed pump system 100 can comprise fewer or more monitoring devices 114, 116 as will
be discussed with reference to FIGS. 3-6. Additionally, although In embodiments herein,
system 100 is lllustrated as comprising three fluid distribution elements 104, in other exemplary
embodiments, fewer or more fluid distribution elements 104 may be used.
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[0018] Referring to FIG. 3, a schematic illustration of a distributed pump system 200 i1s shown
according to an embodiment. The distributed pump system 200 i1s substantially similar to the
embodiments discussed above with reference to system 100. Like reference numerals will be
used to designate similar features. In embodiments, the distributed pump system 200 can
further comprise a plurality of flow control devices 224 coupled to the first and/or second
conduits 220 or 222 to achieve a redundant and high resolution distribution system as shown
In FIG. 3. The flow control devices 224 can be communicatively coupled to the electronic
control unit 115 and can comprise a variety of valve configurations (e.g., two-way or three-way
valves).

[0019] In some embodiments, a main flow control device 224a can be arranged to selectively
distribute the applicator solution from a desired supply source 202a, 202b to the fluid
distribution elements 204. Similarly, an auxiliary flow control device 224b can be arranged to
selectively distribute the applicator solution received at the fluid distribution elements 204 to the
application system 208. In embodiments, the application system 208 can comprise one or
more dual nozzle application units 210a- 210d each comprising a first portion 209a and a
second portion 209b with a plurality of dispensing nozzles 212 arranged thereon. The first
portion 209a can be coupled directly to the second conduit 222, and the second portion 209b
can be coupled to the auxiliary flow control device 224b.

[0020] As previously discussed, supply sources 202a, 202b can be configured to contain the
same or different applicator solutions in order to provide for single or dual spray applications.
For example, for redundant and single spray applications, each of supply sources 202a, 202b
can be configured to contain substantially similar applicator solutions that are supplied to the
fluid distribution elements 204 in an alternating manner. In other embodiments, e.g., such as
high resolution spray applications, the entire arrangement of fluid distribution elements 204 can
be supplied by a single supply source (e.g., supply source 202a or supply source 202b) rather
than collective utilizing both sources. For dual application systems, two distinct applicator
solutions can be simultaneously or sequentially applied to the application system 208 from a
respective supply source 202a or 202b. For example, supply source 202a can be configured to
contain a first applicator solution (e.g., nitrogen) that is supplied to dual nozzle application units
210a and 210b, and supply source 202b can be configured to contain a second applicator
solution (e.g., a fungicide) that i1s supplied to dual nozzle application units 210c and 210d.

[0021] In operation, and utilizing either of the above embodiments, the main and auxiliary flow
control devices 224a, 224b can be selectively actuated and de-actuated between a first
position and a second position via an operator input to establish a corresponding flow path
between a respective supply source 202a, 202b, fluid distribution element 204, and application
unit 210a-210d. For example, If a high resolution spray application is desired, each auxiliary
flow control device 224b will be operated In the first position to allow solution to be directed out
of the dispensing nozzles 212 arranged on the second portion 209b simultaneously with those
arranged on the first portion 209a for each application unit 210a-210d.
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[0022] In contrast, If an operator selects a two solution application in which different applicator
solutions are applied or applied at different rates simultaneously, each auxiliary flow control
device 224b will operate In the second position to allow solution to be directed out of the
dispensing nozzles 212 arranged on the second portion 209b simultaneously with those

arranged on the first portion 209a of adjacent application units 210a-210d simultaneously (i.e.,
entire assembly).

[0023] In other embodiments, the distributed pump system 200 can be configured without the
main and auxiliary flow control devices 224a, 224b similar to system 100, which would remove
the capability to actively control selection of supply sources 202a, 202b.

[0024] Referring now to FIG. 4, a distributed pump system 300 is shown according to an
embodiment. In embodiments, the distributed pump system 300 can be configured to combine
both the high resolution and dual spray application features of distributed pump system 200.
The arrangement and configuration of supply sources 302 and fluid distribution elements
304a-304d are substantially similar to that of system 200, however, the application units 310 of
the distributed pump system 300 further comprises a split path conduit 309.

[0025] The split path conduit 309 of each application unit 310 comprises a first conduit portion
309a and a second conduit portion 309a coupled to a plurality of dispensing nozzles 312. As
depicted, the first portion 309a i1s arranged In fluid communication with a first fluid distribution
element (e.g., fluid distribution element 304a or 304c) and a second conduit portion 309b
arranged In fluid communication with a second fluid distribution element (e.g., fluid distribution
element 304b or 304d). In such arrangement, each of the dispensing nozzles 312 can be
supplied by either the first or the second fluid distribution element. In some embodiments, the
dispensing nozzles 312 can comprise a plurality of intelligent nozzles that are configured to
selectively open to and pull from either the first or second conduit portions 309a or 309b based
on a desired spray application. For example, in a high resolution application, a first half of the
dispensing nozzles 312 arranged on application unit 310 can be supplied via the first conduit
portion 309a, and a remaining half of the dispensing nozzles 312 can be supplied second
conduit portion 309b or vice versa. This provides for recirculation of the application solution
through the use of the intelligent dispensing nozzles 312.

[0026] For example, during recirculation, each of the dispensing nozzles 312 can be operated
In a recirculation mode, wherein an outlet of each of the dispensing nozzles 312 1s configured
In a closed position and at least two corresponding inlets of the nozzles 312 are configured In
an open position such that a supply of applicator solution 1s received from both the first and
second conduit portions 309a, 309b. Additionally, in recirculation mode, the first fluid
distribution element (e.g., 304a or 304c) and the second fluid distribution elements (e.g., 304b
or 304d) are alternately operated such that only one i1s used to supply the application units
310. For example, to establish a recirculation path, flow Is directed from the operating (i.e.,
active) fluid distribution element (e.g., 304a or 304c) into the dispensing nozzles 312 and back
through the inactive fluid distribution element (e.g., 304b or 304d) for a return to the inlet of the
operating fluid distribution element via the flow control device 324. In other embodiments, the
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distributed pump system 300 can further comprise a recirculation valve (not shown) that would
allow flow to be directed through the recirculation valve rather than the dispensing nozzles 312.

[0027] FIGS. 5-6 illustrate other alternative embodiments of the distributed pump system 300.
In FIG. 5, a distributed pump system 400 is shown, which combines the functionalities of the
distributed pump system 300 and a conventional single pump system. In some embodiments,
the distributed pump system 400 can comprise a first pump system 400a (e.g., a distributed
pump system) and a second pump system 400b (e.g., a conventional pump system) that are
arranged to combine at a split path conduit 409 having a first conduit portion 409a and a
second conduit portion 409b. The first pump system 400a Is substantially similar to the
distributed pump system 300 and will not be discussed In detail with regard to supply sources
402a, 402b and fluid distribution elements 404. It should be noted, however, that the split path
conduit 409 of the distributed pump system 400 differs from that of system 300. For example,
as shown, the first conduit portion 409a of the split path conduit 409 i1s arranged In fluid
communication with an outlet of each of the fluid distribution elements 404 of the first pump
system 400a, and the second portion 409b of the split path conduit 409 is arranged In fluid
communication with an outlet of the supply source 402b of the second pump system 400b.
Such an arrangement iIs particularly advantageous in that it provides for more wide-ranging
and precise spray applications.

[0028] In some embodiments, the first and second pump systems 400a, 400b can be
configured to operate simultaneously with one another applying the same or distinct applicator
solutions based on a desired spray output. For example, the second pump system 400b can
be configured to supply the applicator solution at a base rate, and the first pump system 400a
can be configured to compensate for any difference in an application rate when a higher rate is
required. The required compensation can be accomplished by supplying additional solution
through a selected application unit 410 or by combining flows of the applicator solution at the
dispensing nozzles 412 to increase flow and pressure by running the fluid distribution elements
404 In parallel.

[0029] In other embodiments, the first and second pump systems 400a, 400b can operate
Independently of one another to apply different applicator solutions. For example, the second
pump system 400b can be configured to broadcast a first applicator solution such as a less
expensive herbicide, and the first pump system 400a can be configured to spot spray with a
second applicator solution (e.g., a herbicide for weeds that Is resistant to the first applicator
solution).

[0030] In still other embodiments, the distributed pump system 400 can comprise a single
supply source having a solution reservoir 403 coupled to a charge pump 405 that supplies both
the first and second pump systems 400a, 400b as shown In FIG 6. In such an arrangement,
the dual application can be achieved by a direct injection of applicator solution via the second
pump system 400b just before or after the distribution by fluid distribution elements 404.
Further, In either embodiment, the distributed pump system 400 i1s arranged to allow for
smaller sizing of the fluid distribution elements 404.
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[0031] Referring to FIG. 7, an exemplary agricultural sprayer 500 in which the distributed
pump systems 100-400 can be incorporated i1s shown. As depicted, the agricultural sprayer
500 comprises an agricultural vehicle 502, a boom assembly 504, which may be attached
forward or rearward of the agricultural vehicle 502, and an application system 508 (i.e.,
application systems 108, 208, 308, or 408) mounted the boom assembly 504. The agricultural
vehicle 502 (e.g., a towed sprayer or a self-propelled agricultural sprayer) can comprise a
vehicle chassis 530 and a control station 532. A fixed or floating center frame 534 can be
coupled to the vehicle chassis 530 and Is arranged to provide additional structural support to
the boom assembly 504, which may, for example, include an articulated folding spray boom.

[0032] As shown, a supply source 550, which may Include any of the supply sources
associlated with systems 100-400, can also be coupled to the center frame 534 and can be
positioned between the agricultural vehicle 502 and the boom assembly 504. In this exemplary
embodiment, the application system 508 Is shown as being divided into four sections including
application units 510 with each having a plurality of dispensing nozzles 512. Although only four
sections are shown, It should be noted that more sections are typically arranged along the
boom assembly 504, which can extend up to approximately 25 meters In length iIn some
embodiments. As discussed above with reference to FIGS. 1A-6, the supply of applicator
solution to each of application units 510 can be regulated and controlled by fluid distribution
elements 104, 204, 304, 404 via the electronic control unit 115. Such an arrangement iIs
particularly advantageous in that it allows for sectional operation of the application system 508
through the selective and independent control of each application unit via the plurality of fluid
distribution elements 104, 204, 304, 404 (i.e., each fluid distribution element will control the
rate of solution flow into each application unit 510). This In turn will provide for significantly
Increased spray precision and uniformity and overcomes the deficiencies of conventional
approaches.

[0033] Without In any way limiting the scope, Interpretation, or application of the claims
appearing below, a technical effect of one or more of the example embodiments disclosed
herein Is a distributed pump system for agricultural sprayers. The distributed pump system
provides several advantages over conventional systems. For example, the system pump
systems provides higher precision and can be configured in such a way to offer both multiple
zone and multiple solution applications. The distributed pump system also provides an
operator with the ability to simultaneously broadcast and spot spray two different applicator
solutions at one time. Further, multiple smaller distributed solution pumps can react quicker to
rate changes across the application system than one larger solution pump, and when powered
with an electric motor the pump can be controlled quicker and with more stability.

[0034] While the above describes example embodiments of the present disclosure, these
descriptions should not be viewed In a Ilmiting sense. Rather, other variations and
modifications may be made without departing from the scope of the present disclosure as
defined in the appended claims.
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Patentkrav

1. Distribueret pumpesystem (100), der omfatter:

en forsyningskilde (102);

en stettestruktur (106), der er arrangeret pa eller neer ved et landbrugskeretaj

(500), der kan kares over en mark,

mindst to vaeskefordelingselementer (104), der er monteret pa stattestrukturen
(106) og er koblet til et indlab til en ferste kanal (120) for at tilvejebringe
vaeskeforbindelse mellem vaeskefordelingselementerne (104) 0g

forsyningskilden (102),

et paferingssystem (108), der omfatter mindst to paferingsenheder (110), der
har en flerned af fordelerdyser (112), som er koblet sammen med disse, hvor
hver pafaringsenhed (110) respektivt er koblet sammen med ét eller flere af

vaeskefordelingselementerne (104) med en anden kanal (122),

mindst én ferste overvagningsanordning (114), der er koblet til den anden
kanal (122), hvor den mindst ene ferste overvagningsanordning (114) er
knyttet til en respektive paferingsenhed (110) og et respektive
vaeskefordelingselement (104), og hvor den mindst ene forste
overvagningsanordning (114) er konfigureret til at registrere en nedstrems
flowparameter for den anden kanal (122) og generere et tilsvarende

udgangssignal, og

en elektronisk styreenhed (115) der er forbundet kommunikativt til hvert af
vaeskefordelingselementerne (104), hvor den elektroniske styreenhed (115) er
konfigureret til dynamisk at justere en indgangsparameter for et eller flere af
vaeskefordelingselementerne  (104), nar den registrerede nedstrems
flowparameter er over eller under en forudbestemt greenseveerdi for at
opretholde en @nsket sprejtemaengde for flerneden af fordelerdyser (112),

kendetegnet ved, at

hvert af de mindst to vaeskefordelingselementer (104) omfatter en af

centrifugalpumper, fortreengningspumper, pumper med variabelt deplacement.
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2. Det distribuerede pumpesystem (100) ifelge krav 1, hvor
forsyningskilden (102) omfatter en eller flere opl@asningsbeholdere (103).
3. Det distribuerede pumpesystem (100) Iifelge krav 1 eller 2, hvor
forsyningskilden (102) yderligere omfatter en fedepumpe (105), der er
5 koblet sammen med et udleb pa hver af den ene eller flere
oplasningsbeholdere (103).
4. Det distribuerede pumpesystem (100) ifelge krav 3, hvor en anden
overvagningsanordning (116) er koblet til den ferste kanal neermest et
udlgb pa fedepumpen (105), og hvor den anden overvagningsanordning
10  (116) er konfigureret til at generere et andet udgangssignal, som angiver
en opstrems flowparameter.
S. Det distribuerede pumpesystem (100) ifelge krav 3 eller 4, hvor den
elektroniske styreenhed (115) er konfigureret til dynamisk at justere en
iIndgangsparameter for fedepumpen (105) og/eller det
15 veeskefordelingselementer (104), nar den registrerede opstrams og/eller
nedstrems flowparameter er over eller under en forudbestemt
graenseveerdl for at opretholde en snsket sprejtemaengde for flerneden af
fordelerdyser (112).
6. Det distribuerede pumpesystem (100) ifelge krav 4 eller 5, hvor den
20 ferste eller anden overvagningsanordning (116) omfatter mindst én af en
trykfaler, en tryktransducer, en flowmaler eller kombinationer af disse.
/. Det distribuerede pumpesystem (100) ifelge krav 1, hvor hvert af
vaeskefordelingselementerne (104) styres uafhaengigt via et operatarinput
for at tillade selektiv aktivering og deaktivering af hver af fordelerdyserne

25  (112), der er arrangeret pa pafaringsenhederne (110).
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