TITLE: “A PUMP ASSEMBLY FOR A THREE-DIMENSIONAL PRINTING
SYSTEM”

TECHNICAL FIELD

Present disclosure relates to a field of construction. Particidarly, but not exclusively, the present
disclosure relates to a three-dimensional printing system used for construction. Further,
embodiments of the present disclosurcs relate to a pump assernbly for the three-dimensional

printing system.

BACKGROUND OF THE DISCLOSURE

Generally, bulldings are constructed using bricks/building blocks with the help of mortar. Such
a method includes laving of bricks in courses and numerous paticms. The bricks are further
plastered together by the mortar in order o create a durable structure. Sometimes, buildings
arc also constructed by pouring concrete into metal forms, which hold the concrete in place.
Steel rods of various thickness are further placed inside the metal forms to reinforce the
concrete. The concrete may be poured into the metal forms by suttable means and aliowed to
cure for a predetermined amount of time. Such conventional methods of construction of
buildings using bricks or by pouring concrete into metal forms is expensive and time-
consuming process. Also, these conventional processes require more manpower and requires

constant monitoring and SUpPCrvision.

Over the last fow years, 3D printing bas emerged as a solution to various manefacturing
processes including construction. In the recent years, 3D printing bas been widely used 1o the
field of construction for the construction of buildings or structures. A 3D printed building is a
structure that 1s constructed by depositing matenal, layer-by-laver. One of the primary tools
that is used for the 3D printing of buildings is a 3D printer that comprises of a robotic arm with
a nozzle. The nozzle of the printer extrudes specially formulated cement at a predeternuned
pressure by means of a pump. Such 3D printing technologies enable the buildings to be
constructed 1o reduced amount of time, with less material and negligible wastage. As a result,

the construction of buildings has bocome much cheaper, faster than conventional processes.

Conventional 3D printers use pumps which provide a non-continucus and a pulsating pumping
action. As a result, while laying of the building matenial thore exists a disturbance in the pattern
of deposition. Such a disturbance may be a sinusoidal wave-like pattern that appears on printed

concrete or building material. In order to pump material without pulsation, progressive cavity-



based pumps are used in 3D printers. However, the progressive cavity-based pumps have the
mability to pump non-shirry mixes and large aggregate mixes having high viscosity. Farther,
to expedite the setting of printed concrete structures, the concrete mixture is usually formulated
to rapidly gain strength and hardness. However, the currently utilized pumps for concrete 3D

printing are not capable of mustering sufficient pressure for pamping hardened mixes.

The present disclosure is directed to overcome one or more limitations stated above or any

other limitation associated with the conventional aris.

SUMMARY OF THE DISCLOSURE

One or more shortcomings of conventional pumping systems employed in the three-
dimensional printing svstoms are overcome, and additional advantages are provided through
the pumping system as claimed m the present disclosure. Additional features and advantages
are realized through the technigues of the present disclosure. Other embodiments and aspects
of the disclosure are described in detail hercin and are considered as a part of the claimed

disclosure.

In a non-limiting embodiment of the present disclosure. a pump assembly for a three-
dimensional printing systent is disclosed. The pump assembly jncludes a phlurality of pumping
cvlinders, each configured to encase at least one first piston. Further, the pump assembly
mchudes at least one first actaator coupled to cach of the at least one first piston. The at least
one first actuator is configured to displace the at least one first piston between a first position
and a sccond position, within a corresponding pumping cylinder. Furthermore, the pump
assembly includes a plurality of valves, cach associated with at least one of the plurality of
pumping cvhinders. Each of the plurality of valves 1s defined with an mlet port and an outlet
port for fluidly connecting the corresponding pumping cvlinder with at lcast one primer
charnber in a primer arrangement and a print nozzle. The pump assembly, further includes one
or more sensors associated with the at least one first actuator. The one or more sensors are
configured to generate an input signal corresponding 1o a position of the at least one first piston
within cach of the plurality of pumyping cylinders. Additionally, the pump asscrobly includes a
control unit, communicatively coupled to cach of the one or more sensors. The control unit is
configured to selectively operate the mlet port and the outlet port of each of the plurality of
valves, based on the input signal received from the one or more sensors, such that a pumping

cvele 15 immiated in one pumping cvlinder of the plurality of pumping cyhnders, and



simultancously a loading cycle 1s initiated in another pumping cvlinder of the plurality of

pumping cylinders.

In an embodiment, the primer arrangement includes at least one primer chamber configured to
hold print matertal. The at least one primer chamber is in flaid commumication with each of the
plurality of pumping cylinders. Further, the at least one primer chamber includes a second
piston disposed in the at least one primer chamber. The sccond piston is coupled to a second
actuator and 1s configured to reciprocate o displace the print matenal from the at least one

primer chamber into the corresponding puraping evlinder during loading cycle.

In an embodiment, the primer arrangement comprises a plurality of guiding pillars onented
vertically and, the plurality of guiding piliars 1s configured to gwde reciprocatory movement

of the second piston.

In an embodiment, the at least one first actuator and the second actuator is one of a hydraulic

actuator, an clectrical actuator and a pneumatic actuator.

In an embodiment, the loading cycle corresponds to flow of a print material from the at least
one primer chamber into the corresponding pumping cylinder of the plurality of pumping

cylinders.

In an embodiment, the pumaping cvcle corresponds to flow of pressurized pring material from
the corresponding pumping cvlinder of the plurality of pumping cyhinders into the print nozzle

of the threc-dimensional printing system.

In an embodiment, the pump assembly includes a first passage for interconnecting inlet ports

of cach of the plurality of valves with the at least one primer chamber.

In an embodiment, the pump assembly includes a second passage for nterconnecting outlet

poris of cach of the plurality of valves with the print nozzie.

In an embodiment, cach of the plurality of valves includes a hollow tube defined with the inlet
port and the outlet port and a piston disposed within the hollow tube. The piston 1s defined
with a through hole and 1s configured to displace for selectivelv operating the inlet port and
the outlet port. Further, the valve mehudes a drain port, to facilitate cleaning of each of the

plurality of pumping cylinders.

In an embodiment, the pump assembly nclodes comprises at least one non-return valve

disposed between each of the plurality of valves and the at least one primer chamber, to



selectively allow and stop flow of the print material into cach of the plurality of pumping

cylinders.

In an embodiment, the control umit s configured to generate a signal to operate the inlet port
of the valve associated with one pumping cylinder of the plurality of pumping cylinders, to
enable the loading cycle of one pumping cvlinder of the plarality of pumping cylinders, based
on the input signal gencrated by the one or more sensors which correspond to the first position

of the at least one first piston.

In an embodiment, the control unit is configured to generate a signal o operate the outlet port
of the valve associated with one pumping cviinder of the plurality of pumping cvhinders to
enable pumping cycle of one pumping cviimder, based on the mput signal generated by the one
o1 more sensors which correspond to completion of the loading cvcle in one pumping cylinder

of the plurality of pumping cvlinders.

In another non~-limiting embodiment of the present disclosure, a pumping system for a three-
dimensional printing system is disclosed. The pumping svstem includes a primer arrangement
comprising at least one primer chamber configured to hold print matenal and a second piston
disposed in the at least one primer chamber, wherein the second piston is coupled to a second
actuator and a pump assembly i tlaid communication with the primer arrangement. The pump
assembly includes a plurality of pumping cylinders, configured to encase at least one first
piston coupled to at least one first actaator. Each of the of the pumping cylinders of the plurality
of pumping cylinders is associated with at least one primer chamber. Further, the pump
asscmbly includes a plurality of valves, each associated with at least one of the plurality of
pumping cvhnders. Each of the plurality of valves 1s defined with an inlet port and an outlet
port for fhadly connecting the corresponding pumping cyvlinder with the at least one primer
chamber and a print nozzle. Furthermore, the pumping system includes one or more sensors
associated with the at least one first actuator and the second actuator, wherein the one or more
sensors are configured to generate an nput signal corresponding to a position of the at least
one first piston within each of the plarality of pumping cylinders and position of the second
piston in the at least one primer chamber. Additionally, the pumping system includes a control
unit, communicatively coupled to each of the one or more sensors. The control unit 1s
configured to selectively operate the mlet port and the outlet port of each of the plurality of

valves, based on input signal received from the one or more sensors, such that a pumping cvele



is mutiated in one pumping cvlinder of the plurality of pumping cylinders, and a loading cycle

is nitiated 1 another pumping cvlinder of the plurality of pumping cylinders.

It 1s to be understood that the aspects and embodiments of the disclosure described above may
be used 1t any combination with each other. Several of the aspects and embodiments may be
combined together to form a further embodiment of the disclosure.

The foregoing summary is tHostrative only and is not intended to be in any way hmnting. In
addition to the tlustrative aspects, embodiments, and features described above, further aspects,
cmbodiments, and features will become apparent by reference to the drawings and the

following detailed description.

BRIEE DESCRIPTION OF THE ACCOMPANYING DRAWINGS

The novel features and characteristic of the disclosure are set forth 1o the appended claims. The
disclosure itself, however, as well as a mode of use, further objectives, and advantages thereof]
will best be understood by reference to the following detailed description of an embodiment
when read in conjunction with the accompanying drawings. One or more embodiments are now
described, by way of example only, with reference to the accompanying drawings wherein hke

reference numerals represent ke clements and in which:

Figure. 1 illustrates a perspective view of a pumping systern for a three-dimensional printing

(53

system, in accordance with an embodiment of the present disclosure.

‘.

Figure. 2 tllustrates a perspective view of a primer arrangement of the pumping system of

Figure. 1, in accordance with an embodiment of the present disclosure.

Figure. 3 illustrates a perspective view of a pump assembly of the pumping system of Figure.

1, in accordance with an embodiment of the present disclosure.

Figure. 4 tllustrates an exploded view of a pumping cylinder of a pump assembly. in accordance

with an embodiment of the present disclosure.
Figure. § illustrates an exploded view of a valve of the pump assembly of Figure. 3.

Figure. 6 is a block diagram depicting working of the pumping svstem of Figure. |, in

accordance with an embodiment of the present disclosure.



The figures depict embodiments of the disclosure for purposes of llustration only. One skilled
i the art will readily recognize from the following description that alternative embodiments of
the structures and methods ilustrated herein may be employed without departing from the

principles of the disclosure described herein.

BETAILED DESCRIPTION

While the embodiments in the disclosure are subject to various modifications and alternative
forms, specific embodiments thereof have been shown by way of example in the figures and
will be described below. Tt should be understood, however, that it is not intended to Hmi the
disclosure to the particular forms disclosed, but on the contrary, the disclosure is to cover all

modifications, equivalents, and alterpative falling within the scope of the disclosure.

It is to be noted that a person skilled in the art would be motivated from the present disclosure
and modify various featares of the pumping system for the three-dimensional printing system.
Therefore, such modifications are considered to be part of the disclosure. Accordingly, the
drawings show only those specific details that are pertinent to anderstand the embodiments
of the present disclosure, so as not to obscurc the disclosure with details that will be
readily apparent tothose of ordinary skilled in the art having benefit of the descrption

herein.

The terms “comprises”, “comprising”, or any other vanations thercof used in the disclosure,
are intended to cover a non-cxclusive inclusions, such that an assembly or a system that
comprises a list of components docs not include only those components but may include
other components not expressly listed or inherent to such svstem, method, or assembly, or
device. In other words, one or more clements in a system or device proceeded by
“comprises... a” does not, without more constraints, preclude the existence of other elements

or additional clements 1n the system or device.

Embodiment of the present disclosure discloses a pumping system for a three-dumensional
printing system. Usually, the printing material such as concrete mixture is an aggregate of rock
or gravels and sand along with water and cement. When the concrete mixture is pumped in the

conventional pumps, a stmusoidal wave-like pattern appears on printed concrete duc the



mtrinsic inability of the conventional pumps to dispense concrete in continuous and a non-
mmpualsive manner. Further, the carrently utilized pumps for concrete 3D Printing are not
capable of mustenng sufficient pressure for pumping hardened, non-shurry mixes with farge

aggregate particles.

Accordingly, the present disclosure discloses a pumping system for a three-dimensional
printing system. The pumping systern of the present disclosure facilitates in catering
aninterrupted flow of high-pressure print material (thus, concrete mixture) to the three-

dimensional printing system for carrving printing operation.

The pumping systema may broadly include a primer arrangement and a pump assembly. The
primer arrangement and the pump assembly may be fluidly connected to cach other using
suitable pipping arrangement. The primer arrangement may include at least one primer
chamber, which may be configured to hold the prudt material. Further, the primer arrangement
may include a second piston coupled to a second actaator. The second piston may be disposed
in the at least one primer chamber and configured to displace the printing material from the

primer chamber at relatively high pressure into the pump assembly.

The pump assembly may include a plurality of pamping cyvlinders, configured to encase at least
one first piston coupled to at least one first actuator. Each of the of the pumping cylinders of
the plurality of pumping cylinders is associated with at least one primer chamber. Further, the
pump assembly may include a phurality of valves, each associated with at least one of the
plurality of pumping cylinders. Each of the phurality of valves comprises an inlet port and an
outlet port for fluidly connecting the corresponding pumping cylinder with the at least one
primer chamber and a print nozzle. Furthermore, the pumping system includes one or more
sensors associated with the at least one first actuator and the second actuator. The one or more
sensors are configured to gencrate an mput signal corresponding to a position of the at least
one first piston within cach of the plurality of pumping cvlinders and position of the second
piston in the at least one primer chamber. Additionally, the pamping system mmchudes a control
unit, which may be conmumunicatively coupled to cach of the one or more sensors. The control
unit is configured to selectively operate [thus open or close] the inlet port and the outlet port
of each of the plurality of valves, based on input signal received from the one or more sensors,
such that a pamping cycle s inttiated in one pumping cylinder of the plurality of pumping
cylinders and, simualtancously a loading cyele s itiated in another pumping cvlinder of the

plurality of pumping cvlinders. This configuration of alternate loading and pumping cycles in



the puraping cvimders results in uninterrupted flow of print material into the three-dimensional

printing system.

In the following detaided description, embodiments of the disclosure are explaimed with
reference to accompanying figures that form a part hereof, and i which are shown by way of
iustration specific embodiments in which the disclosure may be practiced. These
embodiments are described in sufficient detail to enable those skilled in the art to practice the
disclosure, and it is to be understood that other embodiments may be utilized and that changes
may be made without departing from the scope of the present disclosure. The following

description is, thercfore, not to be taken in a limiting sense.

Figure, 1 illustrates a perspective view of a pumping system (200} for a three-dimensional
printing system. The pumping system (2060} may be configured to pump high viscous print
matcrial such as concrete (3D} mixture/slurry at bigh pressure into the three-dimensional

printing system, in accordance with some embodiments of the present disclosure.

As seen in Figure, 1, the pumping system (200} may broadly include a primer arrangement
(110} and a pump assembly (100). In an embodiment, the primer arrangement (110) and the
pump assembly (100} thadly connected to cach other by suitable pipping arrangements. As
apparent from Figure, 2. the primer arrangement {110} may mmchude at least one primer
chamber (103), which may be supported on a platform (125). In an embodiment, the at least
one primer chamber (105} may be configured to hold the printing material. Further, the primer
arrangement (110} may inclade a second piston {107}, which may be coupled to a second
actuator {108). As apparent from Figure. 2, the second piston (107) may be supported by a
plurality of gwiding pillars (109}, which mav onent vertically. The plurality of guiding pillars
{109) may be configured to allow reciprocatory movement of the second piston (107} during
operation, for displacing the printing material into the pump assembly (100} at relatively higher
pressure from the at least one primer chamber (103). In an llustrated embodiment, the primer
arrangement {110) mchides a pair of primer chamber (105} and the same cannot be construed
as a limitation, as the primer arrangement (110} may include a number of primer chambers

{105) based on the requirement,

Now refernng to Figure, 3, the pump assembly (100} may mechide a plarality of pumping
cylinders (101), which may be configured to encase at least one first piston (102). In an
embodiment, each of the plurality of pumping cvlinders (101} may be thudly connected with

the at least one primer chamber (105} of the primer arrangement (110} [best seen in Figare. 1]



As seen in Figure. 4, which illustrates an exploded view of the pumping cvlinders (101}, the
pumping cylinder (101) may inclade an outer casing (126} having a substantially cyvhindrical
profile. The outer casing {126} may be configured to encase at least ong first actuator (103},
which may be coupled to the at least one first piston {102). The at least one first actuator (103)
may be configured to displace the at least one first piston {102) between a first position and a
second position, within the corresponding pumping cylinder (101). As apparent from Figore.
4, onc end of the outer casing (126) may be configured to receive a nozzle (121). The nozzle
{121} may be configured to guide the print matenal flowing from the pumping cyhnder (101)
at higher pressare. Further, the outer casing (126} of the pumping cylinder (101) may be
defined with an inlet (122) for receiving cleaning fluid to perform cleaning of the pumping

cvlinders (101).

In an embodiment, the pump assembly (100} may further inchude a plurality of valves (104},
where cach valve (104) of the plurality of valves (104) may be associated with the at least one
of the plurality of pumping cvlinders (101}, Referring to Figure. 8, cach of the plurality of
valves (1043 may mclude a hollow tube (113) defined with an inlet port (115}, an outlet port
{116} and a drain port {119). Further, the valve {104} may mehude a selection rod {114}, which
may be defined with a first port {117) and a second port {118). The selection rod (114) may be
disposed within the hollow tube (113} and may be configured to displace within the hollow
tabe (113} for selectively aligning the first port (117) and the second port (118} with one ofthe
mlet port (115} and outlet port (116} during operation of the pumping system {200}, In an
embodiment, the selection rod (114) may be coupled to a third actuator (123) which may
displace the selection rod (114} within the holow tube (113} to selectively align cither of the
first port {117} or the second port (118} with the inlet port (113) or the outlet port {116} for
aHowing flow of print material nto and from the pumping cvlinders (101} As an example, the
first port (117} may align with the inlet port (115) for allowing flow of print material into the
pumptng cvlinder (101}, and the second port (118} may align with the outlet port (116} for
allowing flow of print material from the pumping cvhinder (101}, In an embodiment, aligning
of the first port (117) and the inlet port (113}, the second port (118} and the outlet port (116)
takes place, alternatively or selectively. As a working example, when the first port (117) and
the nlet port {115} are aligned, the second port {1 18) and the outlet port (116} are misaligned
and vice-versa. In an embodiment and as apparent from Figure, 3, the inlet ports (115) of the
plurality of valves (104} associated with the pumping cvhinders (101} are connected fo cach

other by a first passage (111) for connecting each of the plurality of valves (104} with the at
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least one primer chamber (105}, Further, the outlet ports of the plurality of valves (104) may
be connected by a second passage (112} for connecting the outlet ports of the plurality of valves

{104} with a pnnt nozzle {121} (not shown in figures}) of the three-dimensional printing system.

In an embodiment, the drain port (119) may facilitate m allowing flow of cleaning fluid from
the pumping cylinders (101). That is, the drain port {119} 1s configured to egress cleaning fluid

such as water from the pumping cvlinder (101) for cleaning the pumping evlinders (101).

In an embodiment, the pumping system (200} may include at least onc non-return valve (1273
The at least one non-return valve (127) may be disposed between cach of the plurality of valves
(104} associated with the pumping cvlinders (101} and the at least one primer chamber (105).
The at least one non-return valve (127) may be configured to selectively aliow and stop flow
of printing material into cach of the plurality of pumping cylinders {101} from the at least one
primer chamber (105). As an cxample, the at least one non-return valve (127) may be a shut-
off valve {104). However, same shall not be considered as a hmitation, as any other type of

valve which performs the same functions may be used.

Turning back to Figure. 1, the pumping system {200} may include one or more sensors (106},
The one or more sensors (106} may be assoctated with the at least one first actuator (103} and
a second actuator {108). In an embodiment, the one or more sensors (106} may be configured
to generate an input signal corresponding to a position of the at least one first piston (102} in
corresponding pumping cvlmder (101} and the second piston (107} in corresponding primer
chamber {105}. As an cxample, the one or more sensors {106} may be but not limiting to
......As apparent from Figure, 1, the puraping systen (200) may further include a control unit
which may be communicatively coupled to the one or more seosors {106). In an embodiment,
the control unit {130} may be configured to sclectively operate the valves (104) 1e. to
selectively operate the inlet port (115} and the outlet port (116} of the valve {104}, based on the
mput signal from the one or more sensors {106}, which corresponds to position of the at least
one first position and the second position, to initiate a loading cycle in one pumping cylinder
{101} of the plurality of pumping cylinders {101} and corresponding at least one primer
chamber (105} and, mitiate pumping cvele in another pumping cvlinder (101) of the plurality

of pumping evhnders (101).

In an embodiment, the at least one first actuator {103) and the second actuator (108) and the

third actuator may be one of a hvdraulic actuators, an electnic actuator and a pneumatic actuator.
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Referring now to Figure. 6, which is a block diagram llustrating working of the pumping
system (200}, In an embodiment, working of the pumping system (200) is described with the
pump assermbly {100} having a pair of pumping cylinders (101} and the primer arrangement
{110} baving a pair of primer chambers (105). The same cannot be considered as a limitation,
since the pumping system (200) may include several pumping cylinders {101} and the primer

chambers {105) based on the requirement,

As scen in Figure, 6, the print matenial 1.¢. high viscous concrete (3D} nuxture may be loaded
mto a first primer chamber (201} and the second pnmer chamber (202) of the pnimer
arrangement (110}, Now referring to Figure. 6 in tandem with Figure, I, in an embodiment,
mitially, the at least one fivst piston (102) mav be positioned at the first position within the first
pumping cylinder (203). As an example, the first position may correspond to fully retracted
condition of the at least one first piston (102) within the pumping cylinder (101, 203). The one
or more sensors (106} may gencrate an input signal corresponding to the first position of the at
least one first piston (102}, Based on the input signal, the control unit (130) may operate the
valve (104} [i.e. displace the selection rod (114} such that the first port (117) 15 aligned with
the inlet port (113}, to mnitiate a loading cvele. In the loading cycle, the print material flows
from the first primer chamber (201) mto the first pumping evlinder (203}, In an embodiment,
the second piston (107) 1s disposed within the first primer chamber (201} may reciprocate to
apply force for displacing the print material {1.e. bigh viscous print material] from the first
primer chamber (201) into the first pumping cvlinder {203} at relatively higher pressure. Upon
completion of loading cycle n the first pumping cvlinder (203), the control umt (130) may
operate the valve {104} (i.c. displace the selection rod (114} such that the first port {117} is
aligned with the outlet port (117)), to initiate pumping cycle in the first pumping cylinder (203}
In an embodument, in the pumping cyele the at least one first actuator {103} disposed m the at
cast one first pumping cyvhinder (203) may displace from the first position towards the second
position to egress the printing material out of the first pumping cylinder (203} at higher pressusc

mto the print nozzle (121) of the three~-dimensional printing system.

In an embodiment, during initiation of the pumping cyele in the first pumping cylinder (2033,
the control unit (130) based on the input signal from the one or more sensors (106) associated
with the second pumping cylinder (204) [thus, the at least one first actaator (103}] may operate
the valve {104} associated with the second pumping eylinder (204) to initiate loading cycle in

the second pumping cylinder (204). In the loading cycle of the second pumping cvlinder (204),
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the print material flows from the second primer chamber (202} into the second pumping

cvlmder (204} through the valve.

Further referming to Figure. 4, upon completion of printing of the required structure, a cleaning
process may be imtiated. As scen in Figure. 3, valve (104) associated with the first pumping
cylinder (203) and the second pumping cyvlinder {204) 1s defined with a drain port {119). In an
embodiment, cleaning fluid typically water may be fed mto the first pumping cylinder (203)
and the second pumping cvhinder (204} through an indet (122). Once, the pumping cylinders
{203, 204} are filled with cleaning fhuid, the at least one first actuator {103) may be operated to
displace the first piston (102) from the first position to cgress the cleaning fluid along with
hardened concrete (3D) through the drain port (119} and, thus cleamng the pumping cvhinders

(203, 204).

In an cmbodiment, the at least onc first pumping cvlinder (203} and the sccond pumping
cylinder {204) may be subjected to alterate loading cycle and the pumping cycle to cater
uninterrupted supply of print material into the three-dimensional pring system. fo other words,
when the first pumping cvlinder (203} is vnder puaping cycle. the second pumping cylinder
(204} may be under loading cycle and vice-versa to cater uninterrupted supply of print matenal

mto the three-dimensional print svstem.

In an embodiment, configuration of the pumping svsiem (200) aids in achieving a low-
frequency, high volume pumping with minimized sinusoidal wave-like structures during

printing operation.

To an embodiment, a cleaning ball {not shown in figures) moay be mserted into the drain port
{119). The cleamng ball may be contigured to brush the surface to remove the sediments and

hardened concrete (3D) that remain in the passages of the pumping system (200},

In an embodiment, an air relief valve (104} (not shown in figures} may be provided at the nozzle
{121} to rehieve air trapped in the passages, for ensurning concrete (30} compaction and its

consistent flow and deposition from the print nozzie (121).

in an embodiment, the print material may be directly supplied to the print nozzie (121 of the
three-dimensional printing system for carrying out pruding operations which require print

material of low pressure.

o an embodiment, one primer chamber (105} may be configured to deliver print material into

the multiple pumping cylinders (101},
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Eguivalents;

With respect to the use of substantially any plural and/or singular terms herein, those having
skill 1n the art can translate from the plural to the singular and/or from the singular to the phural
as is appropriate to the context and/or application. The various singular/plural peroutations

may be expressly set forth herein for sake of clanty.

it will be understood by those within the art that, 1o general, terms used herein, and especially
i the appended claims {¢.g ., bodies of the appended ¢laims) are generally intended as “open™
terms {¢.g., the term “including” should be interpreted as “including but not limited 10,7 the
term “having” should be mterpreted as “having at least,” the term “includes” should be
mterpreted as “includes but s not limited to,” etc). It will be further understood by those
within the art that if a specific number of an introduced claim recitation is intended, such an
mtent will be explicitly recited in the claim, and 10 the absence of such recitation no such mtent
1s present. For example, as an aid to understanding, the following appended claims may
contain usage of the introdactory phrases “at least one” and “one or more” to introduce claim
recitations. However, the use of such phrases should not be construed to mply that the
mtroduction of a claim recitation by the indefinute articles “a” or “an” limits any particular
claim containing such mtroduced claim recitation to mventions containing only one such
recitation, even when the same claim includes the introductory phrases “one or more” or “at
least one” and ndefinite articies such as “a” or “an” (c.g., “a” and/or “an” should typically be
miterpreted to mean “at least one” or “one or more”); the same holds true for the use of definite
articles used to mntroduce claim recitations. In addition, cven if a specific number of an
mtroduced clatm recitation 7s explicithy recited, those skilled in the art will recognize that such
recitation should typically be mterpreted to mean ar feast the recited number (e.g., the bare
recitation of “two recitations,” without other modifiers, typically means g feast two recitations,
or fwo or more recitations}. Furthermore, in those mstances where a convention analogous to
“atleast one of A, B, and C, ¢tc.” 1s used, in general such a construction is intended in the sense
one having skill in the art would understand the convention {e.g., “a system having at least ong
of A, B, and C” would include bat not be hmited to systems that have A alone, B alone, C
alone, A and B fogether, A and C together, B and € together, and/or A, B, and C together,
etc.). In those nstances, where a convention analogous to “at least one of A, B, or C, otc.” 15
used, in general such a construction is intended m the sense one having skill in the art would

understand the convention (¢.g., “a systent having at least one of A, B, or 7 would include but
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not be limited to systerns that have A alone, B alone, C alone, A and B together, A and C
together, B and C together, and/or A, B, and € together, ete}. i will be further understood by
those within the art that virtually any disjonctive word and/or phrase presenting two or more
ahlternative terms, whether in the description, claims, or drawings, should be understood to
contemplate the possibilities of including one of the terms, either of the terms, or both
terms. For example, the phrase “A or B” will be understood to include the possibilities of “A™
or “B” or “A and B.” While various aspects and erabodinents have been disclosed herein, other
aspects and embodiments will be apparent to those skilled i the art. The vanous aspects and
embodiments disclosed herein are for purposes of illustration and are not intended to be

limiting, with the true scope and spirit being indicated by the following claims.
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Tabie of Referral Numerals:

Referral numerals

Bescription

100

Pumyp assembly

161 Pumping cylinders
102 First piston

103 First actuator

104 Valves

105 Primer chamber
106 One or more sensors
107 Second piston

108 Second actuator
1G9 Guiding pillars

110 Primer arrangement
111 First passage

112 Second passage

113 Hollow tube

114 Sclection rod

115 Inlet port

116 Outlet port

117 First port

Hig Second port

IS% Drain port

121 Nozzie

122 Cleaning fluid inlet




16

123 Third actuator

124 Platform for a pump assembly

125 Platform for a primer arrangement
126 Outer casing

130 Control unit

200 Pumping system
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CLAIMS

1. A pump assembly (100) for a three-dimensional printing system, comprising:

a plurality of pumping cylinders (101), each configured to encase at least one
first piston (102);

at least one first actuator (103) coupled to each of the at least one first piston
(102), wherein the at least one first actuator (103) is configured to displace the at least
one first piston (102) between a first position and a second position, within a
corresponding pumping cylinder of the plurality of pumping cylinders (101);

a plurality of valves (104), each associated with at least one of the plurality of
pumping cylinders (101), wherein each of the plurality of valves (104) is defined with
an inlet port (115) and an outlet port (116);

a primer arrangement (110) having at least one primer chamber (105); a print
nozzle, wherein each of said plurality of valves (104) is configured to fluidly connect
the corresponding pumping cylinder (101) with the at least one primer chamber (105)
in the primer arrangement (110) and the print nozzle;

one or more sensors (106) associated with the at least one first actuator (103),
wherein the one or more sensors (106) are configured to generate an input signal
corresponding to a position of the at least one first piston (102) within each of the
plurality of pumping cylinders (101);

and a control unit (130), communicatively coupled to each of the one or more
sensors (106), wherein the control unit (130) is configured to selectively operate the
inlet port (1 15) and the outlet port (116) of each of the plurality of valves (104), based
on the input signal received from the one or more sensors (106), such that a pumping

cycle is initiated in one pumping cylinder (101) of the plurality of pumping cylinders
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(101), and, simultaneously a loading cycle is initiated in another pumping cylinder (204)

of the plurality of pumping cylinders (101).

. The pump assembly (100) as claimed in claim 1, wherein the primer arrangement (110)
comprising:

at least one primer chamber (105) configured to hold print material, wherein the
at least one primer chamber (105) is in fluid communication with each of the plurality
of pumping cylinders (101);

and a second piston (107) disposed in the at least one primer chamber (105),
wherein the second piston (107) is coupled to a second actuator (108) and is configured
to reciprocate, to displace the print material from the at least one primer chamber (105)

into the corresponding pumping cylinder (101) during loading cycle.

. The pump assembly (100) as claimed in claims 1 and 2, wherein the primer arrangement
(110) comprises a plurality of guiding pillars (109) oriented vertically and, the plurality
of guiding pillars (109) is configured to guide reciprocatory movement of the second

piston (107).

. The pump assembly (100) as claimed in claim 1, wherein the at least one first actuator
(103) and the second actuator (108) is one of a hydraulic actuator, an electrical actuator

and a pneumatic actuator.

. The pump assembly (100) as claimed in claim 1, wherein the loading cycle corresponds
to flow of a print material from the at least one primer chamber (105) into the

corresponding pumping cylinder (101) of the plurality of pumping cylinders (101).
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The pump assembly (100) as claimed in claim 1, wherein the pumping cycle
corresponds to flow of pressurized print material from the corresponding pumping

cylinder (101) of the plurality of pumping cylinders (101) into the print nozzle .

The pump assembly (100) as claimed in claim 1, comprises a nozzle (121) coupled to
an end of each of the plurality of pumping cylinders (101), wherein the nozzle (121) is
configured to guide the print material flowing out of the corresponding pumping

cylinder (101) of the plurality of pumping cylinders (101).

The pump assembly (100) as claimed in claim 1, comprises a first passage (111) for
interconnecting inlet ports (115) of each of the plurality of valves (104) with the at least

one primer chamber (105).

The pump assembly (100) as claimed in claim 1, comprises a second passage (112) for
interconnecting outlet port (116) of each of the plurality of valves (104) with the print

nozzle .

The pump assembly (100) as claimed in claim 1, wherein each of the plurality of valves
(104) comprises:

a hollow tube (113) defined with the inlet port (115) and the outlet port (116);
and

a selection rod (114) disposed within the hollow tube (113) and defined with a

first port (117) and a second port (118), wherein the selection rod (114) is configured
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to displace to selectively align the first port (117) and the second port (118) with the

inlet port (115) and the outlet port (116).

The pump assembly (100) as claimed in claim 1, wherein each of the plurality of valves
(104) comprises a drain port (119), to facilitate cleaning of each of the plurality of

pumping cylinders (101).

The pump assembly (100) as claimed in claim 1, comprises at least one non-return valve
(127) disposed between each of the plurality of valves (104) and the at least one primer
chamber (105), to selectively allow and stop flow of the print material into each of the

plurality of pumping cylinders (101).

The pump assembly (100) as claimed in claim 1, wherein the control unit (130) is
configured to generate a signal to operate the inlet port (115) of the valve (104)
associated with one pumping cylinder (101) of the plurality of pumping cylinders (101),
to enable the loading cycle of one pumping cylinder (101) of the plurality of pumping
cylinders (101), based on the input signal generated by the one or more sensors (106)

which correspond to the first position of the at least one first piston (102).

The pump assembly (100) as claimed in claim 1, wherein the control unit (130) is
configured to generate a signal to operate the outlet port (116) of the valve (104)
associated with one pumping cylinder (101) of the plurality of pumping cylinders (101)
to enable pumping cycle of one pumping cylinder (101), based on the input signal
generated by the one or more sensors (106) which correspond to completion of the

loading cycle in one pumping cylinder (101) of the plurality of pumping cylinders (101).
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15. A pumping system (200) for a three-dimensional printing system, comprising;:

a primer arrangement (110) comprising at least one primer chamber (105)
configured to hold print material and a second piston (107) disposed in the at least one
primer chamber (105), wherein the second piston (107) is coupled to a second actuator
(108);

a pump assembly (100) in fluid communication with the primer arrangement
(110);

the pump assembly (100) comprises a plurality of pumping cylinders (101),
configured to encase at least one first piston (102) coupled to at least one first actuator
(103), wherein each of the of the pumping cylinders (101) of the plurality of pumping
cylinders (101) is associated with at least one primer chamber (105);

a print nozzle;

a plurality of valves (104), each associated with at least one of the plurality of
pumping cylinders (101), wherein each of the plurality of valves (104) comprises an
inlet port (115) and an outlet port (116) for fluidly connecting the corresponding
pumping cylinder (101) with the at least one primer chamber (105) and the print nozzle ;

one or more sensors (106) associated with the at least one first actuator (103)
and the second actuator (108), wherein the one or more sensors (106) are configured to
generate an input signal corresponding to a position of the at least one first piston (102)
within each of the plurality of pumping cylinders (101) and position of the second
piston ( 107) in the at least one primer chamber ( 105); and

a control unit (130), communicatively coupled to each of the one or more
sensors (106), wherein the control unit (130) is configured to selectively operate the

inlet port (115) and the outlet port (116) of each of the plurality of valves (104), based
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on input signal received from the one or more sensors (106), such that a pumping cycle
is initiated in one pumping cylinder (101) of the plurality of pumping cylinders (101),
and simultaneously a loading cycle is initiated in another pumping cylinder (101) of the

plurality of pumping cylinders (101).

The pumping system (200) as claimed in claim 15, wherein the at least one first actuator
(103) and the second actuator (108) is one of a hydraulic actuator, an electrical actuator

and a pneumatic actuator.

The pumping system (200) as claimed in claim 15, wherein the loading cycle
corresponds to flow of a print material from at least one primer chamber (105) into the

corresponding pumping cylinder (101) of the plurality of pumping cylinders (101).

The pumping system (200) as claimed in claim 15, wherein the pumping cycle
corresponds to flow of pressurized print material from the corresponding pumping
cylinder (101) of the plurality of pumping cylinders (101) into the print nozzle of the

three-dimensional printing system.



