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

TECHNICAL FIELD

Present disclosure relates to a field of construction. Particularly, but not exclusively, the present
disclosure relates to a three-dimensional printing system used for construction. Further,
embodiments of the present disclosures relate to a pump assembly for the three~-dimensional

printing system.

BACKGROUND OF THE DISCLOSURE

Generally, buildings are constructed using bricks/building blocks with the help of mortar. Such
a method includes laving of bricks in courses and numerous paticmns, The bricks arc further
plastered together bv the mortar in order to create a durable structure. Sometimes, buildings
are 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 suitable means and allowed to
cure for a predetermined amount of time. Such conventional methods of construction of
buildings using bricks or by pouring concrete nto metal forms is expensive and time-
consuming process. Also, these conventional processes require more manpower and requires

constant monitoring and Supcrvision.

Over the last fow years, 3D printing bhas emerged as a solation to various manufacturing
processes ncluding construction. In the recent years, 3D printing has been widely used in the
field of construction for the construction of buildings or structures. A 3D printed building is a
structure that is constracted by depositing material, 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 nozzie. The nozzle of the printer extrudes specially formulated cement at a predetermined
pressure by means of a pump. Sach 3D printing technologies enable the buildings to be
constructed in reduced amount of time, with less material and negligible wastage. As a result,

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

Conventional 3D printers use pumps which provide a non-continuous and a pulsating pumping
action. As a result, while laving of the building material there 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-
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based pumps are used in 3D printers. However, the progressive cavity-based pumps have the
inability to pump non-shurry mixes and large aggregate mixes having high viscosity. Further,
1o expedite the setting of printed concrete structures, the concrete mixture is usually formulated
to rapidly gaio strength and hardness. However, the currently utilized pumps for concrete 3D

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

The present disclosure is directed o overcome one or more limtations stated above or any

other hinutation associated with the conventional arts.

SUMMARY OF THE DISCLOSURE

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

disciosure.

In a non-limiting embodiment of the present disclosure. a pump assembly for a three-
dimensional printing system is disclosed. The pump assembly includes a plurality of pumping
cylinders, each configured to encase at least one first piston. Further, the pump assembly
inchudes at least one first actuator coupled to each 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 second 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 cyhinders. Each of the plurality of valves is defined with an mlet port and an outlet
port for fluidly connecting the corresponding pumpmmg cvlinder with at least one primer
chamber in a primer arrangement and a print nozzle. The pump assembly, further mcludes 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 to a position of the at least one first piston
within each of the plurality of pumping cylinders. Additionally, the pump assembly includes a
control unit, communicatively coupled to each of the one or more sensors. The control unit is
configured to selectively operate the infet port and the outlet port of each of the plurality of
valves, based on the input signal recetved from the one or more sensors, such that a pumping

cycle is imtiated in one pumping cylinder of the plurality of pumping cvlinders, and
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simultancously a loading cycle is 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 material. The at least one primer chamber 1s in fluid commumication with each of the
plarality of pumping eylinders. Further, the at least one primer chamber includes a second
piston disposed in the at least one primer chamber. The second piston is coupled to a second
actuator and 1s configured to reciprocate to displace the print matenal from the at least one

primer chamber into the corresponding purping cvlinder during loading cycle.

In an embodiment, the primer arrangement comprises a plurality of guiding pillars onented
vertically and, the plurality of guiding pillars is configured to guide reciprocatory movement

of the sccond piston.

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

actuator, an electrical 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 cvlinder of the plurality of pumping

cylinders.

In an embodiment, the pumping cycle corresponds to flow of pressurized print material from
the corresponding pumping cylinder of the plurality of pumping cylinders into the print vozzle

of the three-dimensional printing system.

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

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

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

ports of cach of the plurality of valves with the print nozzle.

In an embodiment, each 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 is defined
with a through hole and 1s configured to displace for selectively operating the inlet port and
the outlet port. Further, the valve mchudes a drain port, to facilitate cleaning of each of the

plurality of pumping cyvlinders.

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

disposed between each of the plurality of valves and the at least one primer chamber, to
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selectively allow and stop flow of the print material into cach of the plurality of pumping

cylinders.

Tn an embodiment, the control unit is 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 cvcle of one pumping cylinder of the plurality of pumping cylinders, based
on the input signal generated 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 to operate the outlet port
of the valve associated with one pumping cyhinder of the plurality of pumping cvlinders to
enable pumping eycle of one pumping cvlinder, based on the input signal generated by the one
or more sensors which correspond to completion of the loading cycle 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-
dumensional printing system is disclosed. The pumping system includes a primer arrangement
comprising at least one primer chamber configured to hold print matenial 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 in fluid communication with the primer arrangement. The pump
assembly ncludes a plurality of pumping eviinders, 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 lcast one primer chamber. Further, the pump
assembly includes a plurality of valves, cach associated with at least one of the plurality of
pumping cylinders. Each of the plurality of valves 1s defined with an inlet port and an outlet
port for fhadly connecting the corresponding pumping cylinder with the at least one primer
chamber and a print nozzie. 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 mput signal corresponding to a position of the at least
one first piston within each of the plurality of pumping cylinders and position of the second
piston in the at least one primer chamber, Additionally, the pumping system includes a control
unit, commumcatively coupled o each of the one or more sensors. The control unit is
configured to selectively operate 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 pumping cvele
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is imitiated in one pumping cvlinder of the plurality of pumping cylinders, and a loading cycle

is initiated in 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 in 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 illastrative only and is not intended to be in any way hmiting. In
addition to the illustrative agpects, embodiments, and features described above, further aspects,
cmbodiments, and features will become apparent by reference to the drawings and the

following detailed description.

BRIEK DESCRIPTION OF THE ACCOMPANYING DRAWINGS

The novel features and characteristic of the disclosure are set forth in 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 hike

reference numerals represent like clements and in which:
Figure. 1 illustrates a perspective view of a pumping system for a three-dimensional printing
systern, in accordance with an embodiment of the present disclosure.

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

Figure. I, m 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 illustrates an exploded view of a pumping cylinder of a pump assembly. in accordance

with an embodiment of the present disclosure.
Figure. 5 illustrates an exploded view of a valve of the pump assembly of Figure. 3.

Figure. 6 15 a block diagram depicting working of the pumping svstem of Figure. |, in

accordance with an embodiment of the present disclosure.
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The figures depict embodiments of the disclosure for purposes of illustration only. One skilled
in the art will readily recognize from the following description that alternative embodiments of
the structures and methods illustrated herein may be employed without departing from the

principles of the disclosure described herein.

DETAILED 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 figares and
will be described below. It should be understood, however, that it is not intended to limit the
disclosure to the particular forms disclosed, but on the contrary, the disclosure is to cover all

modifications, equivalents, and alternative 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 features 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 understand the embodiments
of the present disclosure, so as not to obscure the disclosure with details that will be
readily apparent tothose of ordinary skilled in the art having benefit of the description

herein.

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

or additional clements in the system or device.

Embodiment of the present discloswre discloses a pumping system for a three-dimensional
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 sinusoidal wave-like pattern appears on printed concrete duc the
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ntrinsic inability of the conventional pumps to dispense concrete in continuous and a non-
impulsive manner. Further, the currently utilized pumps for concrete 3D Printing are not
capable of mustering sufficient pressure for pumping hardened, non-sturry mixes with large

aggregate particles.

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

dimensional printing system for carrying printing operation.

The pumping system may broadly include a primer arrangement and a pump asserably. The
primer arrangement and the pump assembly may be flutdly connected to cach other using
suttable pipping arrangement. The primer arrangement may include at least one primer
chamber, which may be configured to hold the print material. Further, the primer arrangement
may include a second piston coupled to a second actuator. 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 cvlinders, configured to encase at least
one first piston coupled to at least one first actuator. Each of the of the pumping ¢ylinders 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 plurality 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 ncludes 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 input signal corresponding to a position of the at lcast
one first piston within each of the plurality of pumping cylinders and position of the second
piston in the at least one primer chamber. Additionally, the pumping system inchudes 8 control
unit, which may be communicatively coupled to each of the one or more sensors. The control
unit 1s 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 pumping cycle 1s initiated in one pumping cylinder of the plurality of pumping
cylinders and, simultancously a loading cycle is initiated in another pumping cvlinder of the

plurality of pumping cylinders. This configuration of alternate foading and pumping cycles in
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the pumping cvlinders results in uninterrupted flow of print material into the three-dimensional

printing system.

In the following detailed description, embodiments of the disclosure are explammed with
reference to accompanying figures that form a part hereot, and in which are shown by way of
iustration specific embodiments in which the disclosure may be practiced. These
embodiments arc described in sufficient detail to cnable those skilled in the art to practice the
disclosure, and 1t 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, therefore, 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 (200} may be configured to pump high viscous print
material such as concrete (3D} mixture/slurry at high pressure into the three~dimensional

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

As scen 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} fhndly connected to cach other by suitable pipping arrangements. As
apparent from Figure, 2, the primer arrangement (110} may mchide at least one primer
charaber (105), 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. Farther, 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 guiding pillars (109), which may orient 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 (105). In an illustrated embodiment, the primer
arrangement {110} inchudes a pair of primer chamber (103} 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 referring to Figure. 3, the pump assembly (100) may include a plurality of pamping
cylinders (101}, which may be configured to encase at least one first piston (102). In an
embodiment, each of the plurality of pumping cylinders (181) may be fhmdly connected with

the at least one primer chamber (103} of the primer arrangement (1 10) [best scen in Figure. 1],
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As seen 1n Figure. 4, which illustrates an exploded view of the pumping cvlinders (101), the
pumping cylinder (101) may inclade an ouvter casing (126} having a substantially cyhindrical
profile. The outer casing {126) may be configured to encase at least one first actuator (163},
which may be coupled to the at least one first piston (102). The at lcast 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 Figure.
4, one end of the outer casing (126) may be configured to receive a nozzle (121). The nozzle
{121) may be configured to guide the print matenial flowing from the pumping cvhinder (101)
at higher pressore. 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 include 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 cylinders (101). Referring to Figure. 8, cach of the plurality of
valves (104} may melude a hollow tube (113) defined with an inlet port (115}, an outlet port
{116} and a drain port {119). Further, the valve {104) may include 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
tube (113) for selectively aligning the first port (117) and the second port (118) with ong 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 hollow tube (113} to selectively align either of the
first port {117} or the second port (118) with the mlet port (115} or the outlet port (116} for
allowing flow of print material into and from the pumping cylinders (101}, As an example, the
first port {117) may ahign with the inlet port (115) for allowing flow of print material into the
pumping cviinder (101), and the second port (118} may align with the outlet port (116} for
atlowing flow of print material from the pumping cylinder (101). In an cmbodunent, alignng
of the first port (117) and the inlet port (115), the second port (118} and the outlet port (116)
takes place, altematively or selectively. As a working example, when the first port (117) and
the inlet port {115} are aligned, the second port {118} and the outlet port (116) are misaligned
and vice-versa. In an embodiment and as appareot from Figure, 3, the mlet ports (115) of the
plurality of valves {104) associated with the pumping cylinders (101} are connected to 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 print nozzie {121} (not shown in figures) of the three-dimensional printing system.

In an embodiment, the drain port {119} may facilitate in 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 punaping cvlinder (101) for cleaning the pumping cylinders (101).

In an embodiment, the puraping system (200) may include at least one non-return valve (127},
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 allow and stop flow
of printing material into cach of the plurality of pumping cylinders (101) from the af least one
primer chamber (105). As an example, 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.

Tuming 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}
corresponding pumping cvlinder (101} and the second piston (107) in corresponding primer
chamber {105). As an cxample, the onc or more sensors {106} may be but not limiting to
......As apparent from Figure, 1, the pumping svstem (200} may further include a control unit
which may be communicatively coupled to the one or more sensors (106). In an embodiment,
the control unit {130} may be configured to selectively operate the valves (104) ie. to
selectively operate the inlet port (115) and the outlet port (116} of the valve (104}, based on the
nput signal from the one or more sensors (106), which corresponds to position of the at least
one first position and the second position, {o initiate a loading cycle in one pamping cylinder
{101} of the phurality of pumping cylinders (101) and corresponding at least one primer
chamber (103) and, initiate pumping cvele in another pumping cvlinder (101) of the plurality

of pumping cvhnders (101).

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

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

chambers {105) based on the requirement.

As seen in Figure. 6, the print material 1.¢. high viscous concrete (3D) mixture may be loaded
mto a first primer chamber (201} and the second primer chamber (202) of the primer
arrangement (110). Now referring to Figure. 6 m tandem with Figure, 1, in an embodiment,
mitially, the at least one fivst piston (102) may be positioned at the first position within the first
pumping cyvlinder (203}, As an example, the first position mayv 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.c. displace the selection rod (114) such that the first port (117) is aligned with
the inlet port (115}, to initiate a loading cycle. In the loading cycle, the print material flows
from the first promer chamber (201) mto the first pumping cvlinder (203). In an embodiment,
the second piston (107) is disposed within the first primer chamber (2013 may reciprocate to
apply force for displacing the print material [ie high viscous print material] from the first
primer chamber (201} into the first pumping cylinder (203} at relatively higher pressure. Upon
completion of loading cycle m the first pumping cvlinder (203), the control wnt {130) may
operate the valve (104} (i.e. displace the selection rod (114} sach that the first port {117} is
aligned with the outlet port (117)), to initiate pumping cycle in the first pumping cvlinder (203).
In an cmbodiment, in the pumping cyele the at least one first actuator {103} disposed in the at
least one first pumping cyvhinder {203) may displace from the first position towards the seccond
position to egress the printing material out of the first pumping cylinder (203} at higher pressure

into the print nozzle (121) of the three-dimensional printing systen.

In an embodiment, during initiation of the pumping cycle in the first pumping cylinder (203},
the control unit (130} based on the nput signal from the one or more sensors (106) associated
with the second pumping cylinder (204) [thus, the at least one first actuator (103}] may operate
the valve {104} associated with the second pumping cylinder (204) to initiate loading cycle in

the second pumping cylinder (204). In the loading cvcle of the second pumping cylinder (204),
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the print material flows from the second primer chamber (202) nto the second pumping

cylinder (204) through the valve.

Further referring to Figure. 4, upon completion of printing of the required structure, a cleaning
process may be inttiated. As seen in Figure. 3, valve (104} associated with the first pamping
cylinder (203) and the second pumping cylinder (204) is defined with a drain port (119). Inan
embodiment, cleaning fluid tyvpically water may be fed into the first pumping cylimder (203)
and the second pumping cylinder (204) through an inlet (122). Once, the pumping cylinders
{203, 204} are filled with cleaning fluid, the at least one first actuator {103} may be operated to
displace the first piston (102) from the first position to egress the cleaning fluid along with
hardened concrete (3D) through the draim port (119) and, thus cleaming the pumping cvlinders
(203, 204).

In an embodiment, the at lcast one first pumping cylinder {203) and the sccond pumping
cylinder {204} may be subjected to altemate loading cycle and the pumping cycle o cater
uninterrupted supply of print material into the three-dimensional print system. In other words,
when the first pumping cvlinder (203} is under puraping cycle, the second pumping cvlinder
(204} may be under loading cvele and vice-versa to cater uninterrupted supply of print matenal

mito the three-dimensional print system.

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

printing operation.

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

hardened concrete (3D} that remain in the passages of the pumping sysiem (200).

In an embodiment, an air relief valve (104) (not shown 1o figures} may be provided at the nozzle
{121} to relieve air trapped in the passages, for ensunng concrete (3D) compaction and s
consistent flow and deposition from the print nozzle (121).

In an embodiment, the print material may be directly supplied to the print nozzle (121) of the

three-dimensional printing system for carrying out pritting operations which require print

material of low pressure.

In 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 in the art can translate from the plural to the singular and/or from the singular to the plural
as is appropriate to the context and/or application. The varous singular/plural permutations

may be expressly set forth herein for sake of clanty.

It will be understood by those within the art that, 1u general, terms used herein, and especially
in the appended claims (e.g., bodies of the appended claims) are generally intended as “open”
terms {¢.g., the term “including” should be wterpreted as “including but vot luunited to,” the
term “having” should be mterpreted as “having at least.” the term “includes”™ should be
mterpreted as “inclades but is 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
ntent will be explicitly rectied in the claim, and 1o the absence of such recitation no such intent
1s present. For example, as an aid to understanding, the following appended claims may
contain usage of the introductory 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 indefinite articles “a” or “an” lunits any particular
claim contaming such mtroduced claim recitation to inventions containing only one such
recitation, even when the same claim includes the introductory phrases “one or more” or “at
least one” and mdefinite articles such as “a” or “an” {e.g., “a” and/or “an” should typically be
mierpreted to mean “at least one” or “one or more”); the same holds true for the use of definite
asticles used to mtroduce claim recitations. In addition, even if a specific number of an
mtroduced claim recitation 7s explicitly recited, those skilled in the art will recognize that such
recitation should typically be mterpreted to mean ar least the recited number {e.g., the bare
recitation of “two recitations,” without other modifiers, typically means af leas? two recitations,
or two or more recitations). Furthermore, in those instances where a convention analogous to
“atleast one of A, B, and C, ctc.” is 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 one
of A, B, and C” would include but not be hinuted to systems 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 C together,
etc.). In those mstances, where a convention analogous to “at least onc of A, B, or C, etc.” 15
used, 1 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 one of A, B, or €7 would include but
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not be limited to systems 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 C together, etc.). It will be further understood by
those within the art that virtually any dispunctive word and/or phrase presenting two or more
alternative terms, whether in the description, claims, or drawings, should be understood to
contemplate the possibilities of inclading 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 varicus aspects and embodiments have been disclosed herein, other
aspects and embodiments will be apparent to those skilled in the art. The various aspects and
embodiments disclosed herein are for purposes of Hlustration and are not intended to be

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

Referral numerals Description

160 Pump assembly
101 Pumping cvlinders
102 First piston

103 First actuator

104 Valves

105 Primer chamber
106 One or more sensors
107 Second piston

108 Second actuator
105 Guiding piliars

110 Primer arrangement
111 First passage

112 Second passage

113 Hollow tube

114 Selection rod

115 Tulet port

116 Qutlet port

117 First port

tig Second port

(98Y Drain port

121 Nozzle

122 Cleaning fluid inlet

PCT/1B2020/056723
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123 Third actuator
124 Platform for a pump assembly
125 Platform for a primer arrangement
126 Cuter casing
130 Control unit
200 Pumping system
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L.

A pump assembly (100) for a three-dimensional printing system, comprising;

a plurality of pumping cvlinders (101}, each configured to encase at least one

first piston (102},

at least one first actuator (103) coupled to cach of the at least one first piston
(102), wheren the at least one fivst actuator (103} 1s configured to displace the at least
onc first piston {102) between a first position and a second position, within a

corresponding pumping cylinder of the plurality of pumping cyhinders (101);

a plarality of valves (104), cach associated with at least one of the plurality of
pwaping cylinders (101), wherein cach of the plurality of valves (104) s defined with
an inlet port (115} and an outlet port (116) for fluidly connecting the corresponding
pumping cyvlinder (101} with at least one primer chamber (105} in a primer arrangement

{110} and a print nozzle (121);

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 onc first piston {102) within cach of the

plurality of pumping cylinders (101}; and

a control unit (130}, communicatively coupled to ecach of the one or more
sensors {106}, wherein the control unit (130} is configured to selectively operate the
miet port (115) and the outlet port {116) of cach 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 tutiated in one pumping cylinder (101) of the plurality of pumping cylinders
(101), and, simultancously a loading cvcle 15 nitiated in another pumping cyhinder

(204} of the plarality of pumping eylinders (101).

2. The pump assembly (100) as claimed in claim |, 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
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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 cvlinder (101} during loading cycle.

. The pump assembly (100} as claimed in claims 1 and 2, wherein the primer arrangement

(110) comprises a plurality of gniding pillars (109} oriented vertically and. the plurality
of guiding pillars {109) 1s configured o guide reciprocatory movement of the second

piston (107},

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

and a ppeumatic 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 (103) into the

corresponding pumping cvlinder (101) of the plurality of pumping cvlinders (101).

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

cylinder (101} of the plurality of pumping cyhinders {101) into the print nozzle {121}

The pump assembly (100} as claimed in claim 1, comprises a nozzle {121} coupled to
an end of each of the plurality of pumping cvlinders (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 10 claim 1, comprises a second passage (112} for
interconnecting outlet port {116} of cach of the plurality of valves (104} with the print

nozzle (121},

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

(104) comprises:
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a hollow tube (113) defined with the et 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}, wherem the selection rod (114) 1s configured
to displace to selectively align the first port (117} and the second port (118) with the

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

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

pumping cvhnders (101}

. The pump assembly (100} as claimed in claum 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 (103}, to selectively allow and stop flow of the print material into cach

of the plurality of pumping cylinders (101},

The pump assembly (100} as claimed in claimm 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 purping cyhinder (101) of the plurality of pumping cyvlinders (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 I, whergin the control unit (130) is
configured to generate a signal 1o operate the outlet port (116} of the valve (104)
associated with one pumping cylinder (101) of the plurality of pumping cvlinders (101)
to enable pumping cycle of one pumping cylinder (101}, based on the nput 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).

15, A pumping system (200} for a three-dimensional printing system, comprising:

a primer arrangement (110} comprising at least one primer chamber (1035)
configured to hold print material and a second piston (107} disposed m the at least one
primer chamber (1035}, wherein the second piston (107} 1s coapled to a second actuator
(108};
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a pump assembly {100} m fluid communication with the prmer 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 cach of the of the pumping cylinders (101) of the plurality of pumping

cylinders {101} is associated with at least one primer chamber (103);

a plurality of valves (104), each associated with at feast one of the plurality of
pumping cvlinders (101}, wherein cach of the plurality of valves (104) comprises an
miet port (115) and an outlet port (116) for fluidly connecting the corresponding
punping cvlinder {101} with the at least one primer chamber (105} and a print nozzle

(121);

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 cach 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 cach of the one or more sensors
{106}, wheremn the control umit (130) is configured to selectively operate the inlet port
{115} and the outlet port (116} of each of the plurality of valves (104}, based on input
signal received from the one or more sensors (106), such that a pumping cycle is
mitiated in one pumping cylinder {101) of the plurality of pumping cylinders (101),
and simoltaneously a loading cycle is intiated m ancther pumping cylinder (101} of

the plurality of pumping cvlinders (101).

16. 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 hvdraunlic actuator, an electrical actuator
and a pneumatic actuator.

17. 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 (103} into the corresponding

pumping cylinder {101) of the plurality of pumping cylinders (101}

18, The pumping system (200) as claimed mn claim 15, wherein the pumping cycle

corresponds to flow of pressurized print material from the corresponding pumping
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cvlinder (101) of the plurality of pumping cylinders (101} into the print nozzle (121) of

the three-dimensional printing system.



