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(57) Abstract: Example implementations relate to replaceable hoppers of a print apparatus. In some examples, a system may include a
connection component integrated with a replaceable hopper. The connection component may include an input flow conduit positioned
adjacent to and associated with an output flow conduit and an electrical connection.
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REPLACEABLE HOPPERS OF A PRINT APPARATUS

Background

160011 Installation of a container {e.q., a cariridge for inkje! liguid or laser
foner and/or a hopper for a build material liguid or powder) into a two-
dimensional (2D) or three-dimensional (3D) print apparatus may present issues
related to alignment between connections (e.g., for supply of liguid or solid print
agents and/or the build material) of the container and the print apparatus. For
instance, the connections between the container and the print apparatus may
be difficult for a technician and/or a customer to see during initial instaliation or

replacement of the container.

Brief Description of the Drawings

[ooo2 Figure 1 illustrates an example of a perspective view of a portion
of a sysiem o connect a replaceabie hopper consistent with the disclosure.
[G003] Figure 2 illusirates an example of a perspective view of a portion
of a system (o conneact a replaceable hopper {0 a print apparatus consistent with
the disclosure.

[C004] Figure 3 illustrates an example of a boltom view of a portion of a
system to connect a replaceable hopper to a print apparatus consistent with the
disclosure.

[GO05] Figure 4 illustrates an example of a side view of a portion of a
system {0 connect a replaceable hopper to a print apparatus consistent with the
disciosure.

[G008] Figure 5 illustrates an example of a perspective view of a print
apparatus with a plurality of connected replaceable hoppers consistent with the
disciosure.

[oooTn Figure 8 illustrates an example flow diagram illustrating an
exampile of a methed for utilizing a plurality of replaceable hoppers consistent

with the disclosurs.
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Detailed Description

[o008] Example implementations in the disclosure relate o instaliation,
exchange, and/or replacement of a container (e.q., a replaceable hopper) into a
20 or 30 print apparatus. Although a "hopper” may be associated with slorags
of a build material (e.q., powder) for additively building & 3D object by a 3D print
apparatus, a replaceable hopper as used herein is not intended {0 be so limited
uniess build material is explicitly recited in a claim indluding the replaceabie
hopper. As such, the replaceable hopper may be a replaceable cartridge for
inkiet liquid or laser toner and/or a hopper for a build material liquid or powder,
among other possible examples consistent with the disclosure.

[GO09] Replaceabie hoppers {e.q., for the same or different types of build
material) for a print apparatus, as described in this disclosure, may enable more
efficient installation, exchange, and/or replacement of the hoppers by, for
exampis, a customer without involvement of a service technician. A plurality of
the replaceable hoppers may each be independently installed, exchanged,
and/or replaced to satisfy a print protocol by combining different types of build
material (e.q., in a particular ratio) for a print operation (e.q., eitherina 2D ora
30 print operation).

(o010 The examples of the connection components {(&.4q., the connection
component shown at 101 and described in connection with Figure 1), among
other types of components, described herein may, for example, reduce a
potential for misalignment of and/or increase a potential for connecting the
conneactions for supply of liguid or solid print agents and/or build material when
the replaceable hopper is being instalied, exchanged, and/or replaced in the
print apparatus.

[oo11] Figure 1 illustrales an example of a perspective view of a portion
of a system 1o connect a replaceable hopper 100 consistent with the disclosure.
In some examples, the system may include a connection component 101
integrated with the replaceable hopper 100 (2.g., associated with an cutside
surface and/or integrated into a housing of the replaceable hopper 100). The
connection component 101, in various examples, may include an input flow

conduit 105 positioned adjacent to and associated with an cufput flow conduit
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107. The connection componeni 101, in various examples, also may include an
electrical connection 110.

[oo12 In various examples, the connection component 101 may be
affixed (e.g., attached, fastened, bolted, glued, etc.) to an outside surface 102
{e.g., a lower cutside surface or an outside surface of a bottom) of the
replaceable hopper 100, The connection component 101, in various examples,
may include a clamp 112 1o enable the input flow conduit 105 1o be positioned
adjacent to and associated with the output flow conduit 107. The actual
positions of the input flow conduit 105 and the output flow conduit 107 as
clamped by the clamp 112 are shown by way of example and not by way of
limitation. For example, the flow conduit shown at 105 may be an output flow
conduit rather than an input flow conduit and the flow conduit shown at 107 may
be an input flow conduit rather than an output flow conduit. The electrical
connechion 110 may be affixed to the clamp 112. As described herein, the
clamp 112 may, in some examples, not be affixed to the outside surface 102 of
the replaceabie hopper 100.

[0013] The input flow conduit 105 may enable input of gas (s.q., air or
other gases, or combinations thereof) to propel a build material, for exampie,
storable in the replaceable hopper 100. The oulput flow conduit 107 may
enabie output of the build material propelied by the gas. The electrical
connechion 110 may enable input of power (e.g., an slecrical current at a
voltage potential}y for use by one or more elecirical components, In various
examples, the electrical component may be a build material feeder mechanism
347 {e.g., including a feader motor) and/or g load celi 349 as shown and
described in connection with Figure 3 of the replaceable hopper 100, among
other possible electrical components. The electrical connection 110 may further
enabile input of instructions {e.g., from coniroller 578 as shown and described in
connechion with Figure 5) {o the one or more electrical components and/or
output of data (e.q., to controller 578) from the one or more electrical
componeants.

(6014} The input flow conduit 105 and the culput flow conduit 107 sach

may include a rigid tubular end (e.¢., as shown at 106 and 108, respectively)
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that extends from the clamp 112 in a first direction (e.g., ioward an end 104 of
the replaceabie hopper 100). Each rigid tubular end 108, 108 of the connection
component 101 is structured for a blind connection with a corresponding fixedly
positioned rigid tubular end (e.q., as shown at 230 and 228, respectively, and
described in connection with Figure 2) of a print apparatus {e.g., as shown at
572 and described in connection with Figure 5} in the first direction when the
replaceable hopper 100 is inserted into the print apparatus 572. The input flow
conduit 105 and the output flow conduit 107 each may include a flexible tubular
portion (e.g., as shown at 114 and 116, respectiveily) that extends from the
clamp 112 in a second direction (2.9., toward ends 344 and 348, respectively, of
a U-shaped supply conduit 345 as shown and described in connection with
Figure 3).

[0O15] The connection component 101 may, in a number of examples,
further include a single bracket 120 associated with (e.¢., affixed {o) the outside
surface 102 of the replaceable hopper 100. In some examples, the bracket 120
may be a first bracket 120-1 and a second bracket 120-2 separated by a
distance along an axis of the first direction and the second direction on the
outside surface 102 of the replaceable hopper 100. In some examples, the
single bracket 120 may be a single bracket and/or the first bracket 120-1 and
the second bracket 120-2 may be associated with (e.g., integrated inio) the
outside surface 102 of the replaceable hopper 100 by, for example, being
molded as such. In a number of examples, there may be a channel in the
bracket through which each of the flexible tubular portions of the input flow
conduit and the output flow conduit may pass. in some examples, the flexibie
tubular portions of the input flow conduit and the output flow conduit may pass
through the channel without contacting the channel (e.g., there is an empty
space in the channels between sach flow conduit and each of the brackets
through which the flow conduits pass). For example, channels 121-1 and 121-2
in brackets 120-1 and 120-2, respectively, may allow the flexibie tubular portion
114 of the input flow conduit 105 {o pass through without contacting the
channels 121-1, 121-2 in brackets 120-1 and 120-2, respectively. Channels
122-1 and 122-2 in brackets 120-1 and 120-2, respectively, may allow the
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flexible tubular portion 116 of the output flow conduit 107 to pass through
without contaciing the channsis 122-1, 122-2.

[o0186] In some examples, the flexible tubular portions of the input flow
conduit and the output flow conduit may pass through the channels 121-1 and
121-2 in the brackets 120-1 and 120-2 while contacting a surface of at least one
channel. For example, the flexible twbular portions of the input flow conduit and
the output flow conduit may contact {e.¢., be supported by) channels 121-2 and
122-2 in bracket 120-2 and not contact channels 121-1 and 122-1 in bracket
120-1, orvice versa. In some examples, the flexible tubular portions of the input
fiow conduit and the output flow conduit may contact the channels of both
brackets 120-1, 210-2.

[GO17] The connection component 101 may, in a number of examples,
further include a cantilever bearn 118 rigidly affixed to the bracket (e.q.,
brackets 120-1 and 120-2) 0 extend in the first direction. The cantilever beam
118 also may be rigidly affixed to the clamp 112. The cantilever beam 118 may
be formed as, for example, a flexibie, springy length of melal, plastic, ceramic,
and/or alloys of one or more of these matlerials that may deflect {e.q., bend)
whien a force is applied {e.q., by misalignment of rigid tubular ends 106, 108 of
the connection component 101 and the corresponding fixedly positioned rigid
tubular ends 230, 228 of the print apparatus 572). For example, springiness of
the cantitever beam 118 rigidly affixed fo the brackets 120-1, 120-2 may
prograssively resist displacement from the first direction of projection from the
brackets. As such, the cantilever beam 118 may reduce a defection (e.g., bend)
in the flexible tubular portions 114, 118 of the input flow conduit 105 and the
output flow conduit 107 that may otherwise occur due to the flexibility of the
flexible tubular portions 114, 116.

[0018] Figure 2 illustrates an exampile of a perspective view of a portion
of a system o connect a replaceabie hopper to a print apparatus consistent with
the disclosure. Figure 2 shows an example of a fixture 225 that may be fixedly
positioned {e.g., attached, fastened, boited, gluad, etc)) in a compariment (e.g.,
any of & plurality of compartments as shown at 575-1, 575-2, .. ., 575-N and

described in connection with Figure 5) of 3 print apparatus 572 into which a
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replaceable hopper (e.q., any of a plurality of replaceable hoppers as shown at
550-1, 55C-2, . . ., 550-N} may be selectably inserted.

(o019 The fixture 225 may include fixedly positioned rigid fubular ends
230, 228 of the print apparatus 572 corresponding to the rigid tubular ends 108,
108 of the connection component 101 described in connection with Figure 1. In
some exampies, the fixedly positionad rigid tubular ends 230, 228 may include a
female connaction structure and the rigid tubular ends 108, 108 of the
connechion component 101 may include a male connection structure. The
femaie connection structure may have a U-shaped or V-shaped end to receive
the male connection structure. The female connection structure may extend in
the second direction and have an end that has a diameter wider than the male
cormeaction structure such that alignment variation of the male and female
connection structures may be accommaodated to coniribute 1o a blind
connechion. The blind connection may be befween the fixedly positioned rigid
tubular ends 230, 228 and the rigid tubular ends 106, 108 on the flexible tubular
portions 114, 118 of the input flow conduit 105 and the output flow conduit 107
of the connection component 101,

[0020] I various examples, the fixture 225 also may include a fixedly
positioned elecirical connection 232 corresponding to the electrical connection
110 affixed to the clamp 112 of the connection component 101 described in
connechion with Figure 1. Each of the slectrical conneactions 110, 232 may
include a plurality of separaie electrical connections corresponding to input
and/or output of various signals (e.qg., digitally coded instructions and/or data).
The fixedly positioned electrical connection 232 may be structured similar {o the
female connection structure described in connection with the fixedly positioned
rigid tubular ends 230, 228 and/or the female connection structure may guide
the rigid tubular ends 108, 108 on the flexible tubular portions 114, 116 toward
the blind connection while consequently guiding the electrical connection 110
affixed fo the clamp 112 toward a blind connection with the plurality of electrical
connections within the fixedly positioned electrical connection 232, In some
examples, the fixlure 225 may have the rigid tubular ends 230, 228 and the

electrical connection 232 fixedly positioned in a frame 226. The frame 226 may
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be fixedly positioned substantially vertical relative to a substantially horizontal
fioor of a compariment 575 in which the fixture 225 is positioned.

[o021] The cantilever beam 118 also may enable alignment variation of
the rigid tubular ends 108, 108 of the input flow conduit 105 and the output flow
conduit 107 o contribute 1o a blind connection being formed with the
corrasponding fixedly positioned rigid tubular ends 230, 228 of the print
apparatus 572 when the replacesble hopper 100 is inserted into the print
apparatus. For example, the cantilever beam 118 in combination with the
fiexible tubular portions 114, 116 of the input and output flow conduits 105, 107,
the clamp 112, and the rigid tubular ends 108, 108 exiending in the first
direction from the bracket 120 may contribuie to a flexible portion 119 of the
cormection component 101 that allows for the alignment variation.

[0022] For example, the cantilever beam 118 may help control how far
the flexible portion 119 deviates from extending straight in the first direction prior
to the blind connection, while also limiting a load (e.q., torgue) applied through
the bracket 120 to the repiaceable hopper 100 following formation of the blind
connection. The load on the replaceable hopper 100 may potentially resuit from
misalignment of a blind connection with the rigid tubular ends 106, 108 of the
input and output flow conduits 105, 107 of the connection component 101 with
corrasponding fixedly positioned rigid tubular ends 230, 228 of the print
apparatus 572, The cantilever beam 118 may enable the flexibie portion 119 of
the connection component 101 extending in the first direction from the bracket
120 to transfer a reduced load through the bracket 120 to the replaceabie
hopper 100 (e.g., while also contributing to enablement of the blind connection).
[0023] The fixture 225 may, in some axamples, may be fixedly positioned
at or near a back 573 of a respective compartment 575 (e.g., as described in
cormection with Figure 5) such that the connection component 101 at or near a
back end (e.g., end 104 of the portion of the replaceable hopper 100 shown in
Figure 1) of the respective replaceable hopper 550 may be blindly connected to
the fixedly positioned rigid tubular ends 230, 228 at the back end 573 of the
compartment 575 when the respective replaceable hopper 550 is inserted into

the compartment 575, To contribute {o the blind connection, the compartment
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575 may have a rail 234 (e.q., a pair of rails shown at 234-1 and 234-2 in Figure
23 1o guide the replaceable hopper 100, and the connection component 101
thereof, toward the blind connaction with the fixture 225, In some examples, the
rail may be formed on or near a floor of the compartment 575 and may extend
from an enfrance {e.g., at a front end) of the compartment 575 to the back end
573 of the compartment 575 and/or to the position of the fixture 225,

(o024 Figure 3 illustrates an example of a bottom view 340 of a portion
of a system to connect a replaceabie hopper to a print apparatus consistent with
the disclosure. The bottom view shown in Figure 3 includes in the portion on
the left the elements affixed to the cuiside surface 302 (s.g., the lower cutlside
surface or the outside surface of the boitom) of the replaceable hopper 100,
inciuding the connection component 101, the fixture 225, stc., shown and
described in connection with Figure 1 and Figure 2.

[0025] The input flow conduit 305, output flow conduit 307, and/or the
electrical connection 310 of the connection component 101, 401 may, in some
examples, be guided by a rail (2.g., as shown at 234 and 434 in Figures 2 and
4 respectively) in the compartment 575 to contribute 10 enabling formation of a
blind connection with corresponding components (e.9., the rigid tubular ends
328, 330 and/or electrical connection 332) fixedly positionad near the end (8.9,
as shown at 104 and 404 in Figures 1 and 4, respectively) of the compartment
575

[a6026] In Figure 3, the poriion on the left also shows a wheel 341 (e.g., a
pair of wheels shown at 341-1 and 341-2) affixed to the outside surface 302 and
positioned near an end 104, 404 of the repiaceable hopper 101. An axis of the
whaeel 341 around which the wheel rotates may be substantiaily aligned with the
clamp 312 to which the input flow conduit 305, the output flow conduit 307, and
the electrical connection 310 are clamped. In some examples, the wheel (e.g,,
a first wheel) may contribute to reducing a load from the flexible portion 319 of
the connection component 101 transferred to the replaceable hopper 100. As
indicated in connection with Figure 2, the wheel 341 may roll upon the rail 234
in the compartment 575 to guids the whee! 341 of the replaceable hopper 100,

and the connection component 101 thereof, to contribute to the blind connection



WO 2019/013798 PCT/US2017/041902

being formed with a corresponding component {e.g., the fixture shown at 225 in
Figure 2 and/or the vertical frame shown at 328 in Figure 3). As described in
the disclosure, the corresponding component may be fixedly positioned near the
end 573 of the compartment 575. As such, the replaceable hopper 101 may be
selectably inserted into the compartment 575 and connected to the fixedly
positioned rigid tubular ends 328, 330 of the print apparatus 572 io enable
access 1o a build material when a print operation is performed by the print
apparatus.

[6027] The connection component 101 described herein may, in various
examples, include an input flow conduit 305 positioned adjacent {o an oulput
fiow conduit 307, each flow conduit having a rigid tubular end 306, 308, and an
electrical connection 310. The corresponding component may, in vanious
examples, include a first flow conduit 330 that enables input of gas to the input
fiow conduit 305 of the connection component to propel the build material and a
second flow conduit 328 that enables receipt of the gas and the build material
from the cutput flow conduit 307 of the connection component.

[0028] A build material feeder mechanism 347 may be affixed {0 the
outside surface 302 of the replaceable hopper. A feeder motor (not shown) of
the build material feedsr mechanism 347 may be utilized {(8.9., by being turned
off and on and/or by running at variable rotation speeds, directions, and/or
suction sirengths) for access {0 a build material from a storage volume (e.g., as
shown at 452 and described in connection with Figure 4) of the replaceable
hopper. An access conduit (e.g., as shown at 454 and described in connection
with Figure 4) may be inciuded that extends through a panel (e.g., as shown at
453 and described in connection with Figure 4) and the outside surface 302 of
the replaceable hopper through which the build material feeder mechanism 347
may access the build material. A first end 344 of a tubing section 345 may be
connecied to the flexible tubular portion 314 of the input flow conduit 305 of the
connection component and a second end 348 of the tubing section 345 also
may be connected to the flexible tubular portion 318 of the output flow conduit
307 of the connection component. A supply conduit 348 may be connecled o

the build material feeder mechanism 347 through which the build material may
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be supplied to the tubing section 345 between the first 244 and second ends
346 by the build material fesder mechanism 347,

(0029 In various examples, the first flow conduit 330 connecied to the
input flow conduit 205 may enable input of a build material {(e.g., from an
upsiream replaceable hopper) along with the gas to propel the build material.
The build material feeder mechanism 347 may supply (add) additional build
material (e.g., @ same build material or a different build material) through the
supply conduit 348 in order o be propelled by the gas though the second end
346 of the tubing section 345, the fiexible tubular portion 318 of the oulput flow
conduit 307, and the second flow conduit 328. In some examples, a
combination of build materials may be formed as such by adding build materials
supplied by, as shown and described in connection with Figure 5, a first
replaceable hopper 550-1, a second replaceable hopper 550-2, and up to as
many replaceable hoppers (550-N) as directed 1o satisfy a print protocol.

[G030] The direction of the flow of the build material just described is
presented by way of example. Thal is, in some examplies, the flow may be such
that the input flow conduit 305 may function as an output flow conduit and the
output flow conduit 307 may function as an input flow conduit with the functions
of the first and second flow conduits 330, 328 also being reversed.

[6031] The electrical connection 310 of the conneclion component may
be guided by the rail 234 in the compartment 578 to conifribuie 1o a blind
connection being formed with a corresponding electrical connection 332 fixedly
positionad by the frame 326 near the end of the compariment 575. The
connection of the electrical connection 310 and the corresponding electrical
conneaction 332 may enable transmission of electrical signals, concerning supply
of the build material, between the build material feeder mechanism 347 and a
comtroller {e.g., as shown at 578 and described in connection with Figure 5) of
the print apparatus 572.

[G6032] A load cell 349, which may be affixed to the outside surface 302 or
a chassis (not shown) of the replaceable hopper, may be positionad near an
opposite end 343 {e.q., at or near a front end) of the replaceable hopper from

the connection component 101 (e.g., at or near a back end). The load cell 349

10
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may determine (e.g., using appropriate software, firmware, and/or hardware) a
regl time weight of the repiaceable hopper 100 corresponding to a volume
andfor mass (e.9., as determined by density) of the build material that remains
in the replaceable hopper {e.q., in the storage volume 452 thereof). The bottom
view of the load cell 340 shown in Figure 3 and the side view of the load ceil|
449 shown in Figure 4 are presented by way of example and not by way of
limitation. Load cells, as described herein, may have other configurations (e.g.,
length, width, height, shape, etc.) and/or be positioned different from the
examples shown in Figures 3 and 4. A number of other examples of ioad ceils
may determine a volume and/or mass of the builld material that remains in the
replaceable hopper other than by determining the real time weight of the
replaceable hopper (e.¢g., by visuaily monitoring the level, among other
possibilities).

[0033] The cantilever beam 318 may be riqidly affixed to a bracket 320
{e.g., nigidly attached to both brackets 320-1 and 320-2) on the outside surface
302 of the replaceable hopper and rigidly affixed to a portion {e.g., clamp 312)
of the connection component (e.g., as shown at 101 and 401 in Figures 1 and 4,
respectively) near the end (e.g., as shown at 104 and 404 in Figures 1 and 4,
respectively) of the replaceable hopper. The cantilever beam 318 may enable a
portion of the connection component (8.g., the flexible portion 319 in the first
direction) near the end to transfer a reduced load (e.q., torgue) through the
bracket 320 o the replaceable hopper, which may contribute to reduction {e.g.,
glimination) of an effect of a transferred load on determination of the real time
weight of the replaceable hopper determined by the lcad cell 348,

[0034] The connection of the electrical connection 310 of the connaction
component 101, 401 and the corresponding electrical connection 332 on the
frame 326 may enable transmission of electrical signals concerning the volume
of the build material (e.g., remaining in the storage volume 452) between the
load cell 349 and the controller 578 of the print apparatus 572. An accuracy of
the determination of the volume of the buiid material may be increased by the
cartilever beamn 318 reducing the transfer of the load through the brackset 320 to

the replaceable hopper. An accurate determination of the volume of the build

11
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material may be useful in Implementation of a particular print protocol by the
controller 578.

[0035] Figure 4 illustrates an exampie of a side view of a portion of a
system to connect a replaceable hopper to a print apparatus consistent with the
disciosure. The side view illustrated in Figure 4 shows a replaceable hopper
450 to store build material. In addition o the elements shown and described in
connechion with Figures 1-3, Figure 4 also shows an example of a slorage
volume 452 for build material. As described in connection with Figure 3, the
build material may be accessed from the storage volume 452 by the buiid
material feeder mechanism 447 via an access conduit 454, The access conduit
454 may through in a panel 453 {e.q., floor) of the storage volume 452, which
may include the outside {e.q., fower, bottom) surface 102, 302 of the
replaceable hopper 450, Build material accessed from the storage volume 452
by the build material feeder mechanism 447 via the access conduit 454 may be
supplied by via the supply conduit 448 to the tubing section 445 (.g., between
the first 344 and second ends 346 shown and described in conneaction with
Figure 3}

[00386] As shown in Figure 4, the replaceable hopper 450 may have a
wheel 456 (e.g., a second wheel that, in some examples, may be a pair of
whaels) affixed to the outside surface 102, 302 and positioned near an opposiie
end 443 of the replaceable hopper 450 (e.¢., an end opposite from the front end
404}, In a number of examples, the second wheel 456 may be directly affixed to
the outside surface 102, 302 or may be indirectly affixed thereto by being
directly affixed (o the load cell 448, The rail 434 in the compartment 575 may
guide the first 441 wheel and/or the second wheel 458 to contribute to the blind
connection of the connection component 401 being formed with the
corresponding component 426 fixedly positioned near an end (e.g., back end
573) of the compartment 575.

[G037] Figure 5 illustrates an example of a perspective view 570 of a print
apparatus 572 with a plurality of connected replaceable hoppers 550-1, 550.-2, .
.., B50-N consistent with the disclosure. The perspactive view 570 illustrated in

Figure 5 shows that the print apparatus 572 of this disclosure may, in @ number
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of examples, be a 3D print apparatus. The build material stored in the
respective storage volumes 452 of the plurality of connected replaceable
hoppers 550-1, 550-2, . . ., 550-N may be directable, by electrical signals from a
corrolier 578 of the 3D print apparatus 572, to a build area 5786 of a print zone
§74 of the 3D print apparatus 572 for performance of a 3D print operation. in
various examples, the build material may be spread {e.g., physically spread by
a spreading system (not shown)) in a thin layer over a 3D object in the print
zone 574 by various technigues utilized in 3D printing (e.q., followed by applying
a liquid and/or solid print agent and curing with a light source). Alternatively or
in addition, the build material may be deposited on the object on the print zone
574 hy an extruder {not shown) that may, in some examples, be a nozzie
through which buiid material may be extruded (e.g., ejected) for building the 3D
object in the 3D print operation.

[0038] A 3D print operation may, in a number of examples, be additive
building by which 3D objects may be fabricated layer-by-layer based on a 3D
model of the part or parts of the object to be fabricated. One type of 31 printing
involves forming successive layvers of a build material, such as a powdered build
maiterial, and successively solidifying portions of each layer of the build material
to form sach layer of the part or parts being fabricated. Other examples of 3D
print operations that may be performed using the 3D print apparatus 572 shown
in Figure 5 may include a fused deposition modeling 3D printing process, laser
sintering {e.g., selective laser sintering, metal laser sintering, etc.),
stereclithography, and/or continuous liquid interface production, etc., among
other 30 print operations that are contemplaled within the scope of the
disclosure.

[0039] The plurality of replaceable hoppers 5580-1, 550-2, . . ., 550-N
shown in Figure 5 may sach be connected to the 3D print apparatus 572 by
being inserted into a corresponding compartment 575-1, 575-2, .. ., 575-N. The
configurations (e.g., length, width, height, shape, etc.), the positioning, and/or
the number of the repiaceable hoppers 550-1, 550-2, . . ., 550-N relative {0 each
other are shown by way of example and not by way of limitation. Compartment

575-1, 575-2, . . ., B75-N may represent individual compartments separated
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from other compariments (e.g., by having a wall separating each of the
compartments and the replaceable hoppers therein}. In some exampiles, at
least two of the replaceable hoppers may be in a same compariment (e.q.,ina
single compartment not having a wall separating the replaceable hoppers
therein). The connection of each of the replaceable hoppers 550-1, 550-2, . . .,
550-N to the 3D print apparatus 572 may be via the respective connection
components 101, 401 of the replaceable hoppers 550-1, 550-2, . . ., 550-N. The
respective connection components 101, 401 each may connect to a
corresponding component {(e.g., fixture 225 and/or frame 428) at or near a back
573 of the corresponding compartments 575-1, 575-2, . . ., 575-N.

[0040] Accordingly, a 3D print apparatus 573 may, in various examples,
inciude a compartment (.¢., compariments 575-1, 575-2, . . ., 575-N} inlo
which a replaceable hopper (e.g., one or a plurality of replaceable hoppers as
shown at 550-1, 550-2, . . ., B50-N) may be selectably receivable (e.g., by being
inserted therein) for access 1o a build material stored in the replaceable hopper
when a print operation is performed by the 3D print apparatus. A rail {(8.g., as
shown at 434 and described in connection with Figure 4} in a compartment 575
may guide a first wheel 441 affixed to an outside surface (€.9., as shown at 102
and 3023, and positioned near an end (2.g., the front end 404}, of the
replaceable hopper so a blind connection of a comnaction component 401
affixed to the outside surface, and positioned near the end, of the replaceable
hopper may be formed with a corresponding component 426 fixedly positionad
near an end (&.g., back end 573) of the compartment 575.

(60413 Figure 8 illusirates an example flow diagram illustrating an
example of a method 630 for utilizing a plurality of replaceable hoppers (e.g.,
replaceable hoppers 550-1, 550-2, . . ., 550-N shown in Figure 5) consistent
with the disclosure. At 691, the method 680 may include independently utilizing
the plurality of replaceable hoppers 550-1, 550-2, . . ., 550-N for storage of build
material in a corresponding plurality of compartments 575-1, 875-2, .., 575-N
in the print apparatus 572, At 8983, the method 690 may include rigidly affixing a
cartilever beam (2.¢., as shown at 118, 318, and 418 and described in

connection with Figures 1, 3, and 4, respectively) to a bracket and a clamp {2.¢.,
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as shown at 120, 112, 320, 212, 420, and 412) of a connection component
(2.4., as shown at 101 and 401) on an outside surface {(e.q., as shown at 102
and 302) of each of the plurality of replaceable hoppers. At 695, the method
890 may include thai the cantilever beam enables a blind connection with a
corresponding component (e.g., the fixture 225 and/or the vertical frame 326
shown in and described in connection with Figure 3} fixedly positioned inthe
corresponding plurality of compartments.

[G042] In some examples, the method 890 may include independently
replacing one of the plurality of repiaceable hoppers (e.g., replaceabis hopper
550-1 in compartment 575-1) that stores a first type of the build material with
another repiaceable hopper (g.¢., still shown as replaceable hopper 550-1 in
compartment 575-1) that stores a second type of the build material.
Replacement of the replaceable hopper shown at 550-1 in compariment 575-1
may be performed when the first type and the second type of the build material
are different in order to satisfy a particular print protocol. For example, the
different types of build material may be formed from different materials that may
have different characteristics {e.q., chemical composition, density, solubility,
strength, binding, susceptibility to laser etching, porosity, and/or color, among
other differing characteristics) that may affect performance of the 3D print
operation according to the particular print protocol. in various examples, any
number of the replaceable hoppers 550-1, 5580-2, . . ., 550-N may be
independently installed, replaced, and/or exchanged in the corresponding
plurality of compariments §75-1, 575-2, . . ., 575-N according 1o a particular
print protocol.

[0043] In some examples, the method 680 may include connecting in
series a first build material feeder mechanism {e.g., as shown at 347 and 447
and described in connection with Figures 3 and 4, respectively) of a first
replaceable hopper (e.q., replaceable hopper 550-1 in compartment 575-1) and
a second build material feeder mechanism (e.g., ancther build material feeder
mechanism as shown af 347 and 447) of a second replaceable hopper (e.g.,
replaceable hopper 550-2 in compariment 575-2) of the plurality of replaceable

hoppers. The method may include oulputting a first type of build material with
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the first build material feeder mechanism from the first replaceable hopper via
gas flow through a twbing system (e.9., the tubing section 445 and the output
flow conduit 407 shown and described in connection with Figure 4) o the
second replaceable hopper and outputting a second type of build material with
the second build material feeder mechanism from the second replaceable
hopper via the gas flow received from the first replaceable hopper through the
tubing system. The second build material feeder mechanism of the second
replaceable hopper may contribute to flow of the gas and the combined build
materials propelied by the gas flow. A ratio of the first type of build material fo
the second type of build material may be controlled (e.g., by controller 578)
according to a print protocol. For example, the ratic may be determined by
and/or vary when the first type and the second type of the buiid materials are
different {e.g., In composition, mixture, and/for a source during performance of a
3D print operation).

[G044] For example, replaceable hopper 550-1 in compartment 575-1
may contain, and be a source of, a first type of build material that is a new build
material (2.q., that has not yet been utilized in a 3D print operation).
Replaceable hopper 550-2 in compartment 575-2 may contain, and be a source
of, a second type of the build material that is recycled build material. The
recycied build material may, for example, have been spread by the spreading
system and/or sjected by the exiruder into the build area 576 of the 3D print
apparatus 572 but not retained as part of a built object. The recycied build
material may, in some examples, be mixed with the new build material (8.g., ina
50 percent {o 50 percent ratic, among other possible ratios) for performance of
a 3D print operation according to a particular print protocol. Mixture of any
types and/or any number of different build materials may be performed as such
for performance of a 3D print operation according o a particular print protocol.
Connecting the build material feeder mechanisms of the replaceable hoppers in
series is intended to mean that a sequence of cufputs of the different build
materials may start at any one of the replaceable hoppers 850-1, 550-2, . . .,
550-N and/or output therefrom may be in either direction at any replaceable

hopper in the sequence (e.q., by control of rotation of the feeder motors and/or
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whether the ends 344 and 348 of the supply conduit 345 selectably connect o
gither the input fow conduit 305 or the oulput flow conduit 3073,

[0045] In some examples, a replaceable hopper (e.q., replaceable hopper
550-N in compartment 575-N) may be utilized for end-point recovery of third
type of build material, such as the first and/or second types of build material that
has not been incorporated info a 3D object during the performance of a 3D print
operation. it is possible that the recovered build material either may or may not
be output through the tubing system of replaceable hopper 550-N (g.g., to
replaceable hopper 550-2 for use as recycled build material).

[6046] In the foregoing detailed description of the disclosure, reference is
made to the accompanying drawings that form a part hereof, and in which is
shown by way of illustration how exampies of the disclosure may be practiced.
These examples are described in sufficient detail 1o enable those of ordinary
skill in the art to practice the examples of this disclosure, and itis to be
understood that other examples may be utilized and that process, elecirical,
and/or structural changes may be made without departing from the scope of the
disciosure.

[0047] The figures herein follow a numbering convention in which the first
digit corrgsponds o the drawing figure number and the remaining digits identify
an slement or component in the drawing. For example, reference numeral 102
may refer to element 027 in Figure 1 and an analogous slement may be
identified by reference numeral 302 in Figure 3. Multiple analogous elements
within one figure may be referenced with a reference numeral followed by a
hyphen and another number or a letter. For exampie, 120-1 may reference
glement 20-1 in Figure 1 and 120-2 may reference slement 20-2, which can be
analogous to element 20-1. Such analogous elements may be generally
referenced without the hyphen and an extra numeral or letter. For example,
analogous elements 120-1 and 120-2 may be generally referenced as 120 (e.g.,
when used in combination). Elements shown in the various figures herein can
be added, exchanged, and/or eliminated so as to provide a number of additional

exampies of the disclosure. In addition, the proportion and the relative scale of
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the elements provided in the figures are intended to illusirate the examples of
the disclosure, and should not be taken In a limiting sense.
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What is claimed:

1. A system, comprising:
a connection component integrated with a replaceable hopper, wherein
the connection component comprises:
an input flow conduit positioned adjacent to and associated with
an output flow conduit; and
an electrical connection.

2. The system of claim 1, whersin:
the input flow conduit enabies nput of gas o propsl a builld material
storable in the replaceable hoppesr;
the output flow conduit enables output of the build material propelled by
the gas; and
the electrical connection enables:
input of power for use by an electrical componeant of the
replaceable hopper;
input of instructions o the electrical component; and

output of data from the electrical component,

3. The system of claim 1, wherein:

the connection component is affixed {o an cutside surface of the
replaceable hopper 1o be integrated therewith;

the input flow conduit and the cutput flow conduit each comprises a rigid
tubular end that extends from a clamp in 2 first direction; and

the input flow conduit and the oufput flow conduit each comprises a
fiexible tubular portion that extends from the ¢lamp in a second direction; and

wherein each rigid tubuiar end of the connection component is structured
for a blind conneclion with a corresponding fixedly positioned rigid tubular end
of a print apparatus in the first direction when the replaceable hopper is inserted

into the print apparatus.
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4, The system of claim 1, wherein the connection component further
comprises:
a bracket associated with an outside surface of the replaceabie hopper;
a channel in the bracket through which each of flexible tubular portions of
the input flow conduit and the cutput flow conduit pass;
a cantilever beam rigidly affixed to the bracket to exiend in a first
direction; and
the cantilever beam rigidly affixed o a clamp by which the input flow
conduit is positioned adjacent o and associated with the output flow conduit;
and
wherein the cantilever beam:
reduces a deflection in the fiexible twbular portions of the input
fiow conduit and the output flow conduit; and
enables alignment variation of rigid tubular ends of the input flow
and the output flow conduits so a blind connection is formed with corresponding
fixedly positioned rigid tubular ends of a print apparatus when the repiaceable

hopper is inserted into the print apparatus.

5, The system of claim 4, whersin the clamp is not affixed to the outside

surface of the replaceable hopper.

53 The system of claim 1, wherein the connection component further
COMPrises:

a cantilever beam rigidly affixed 10 a bracket on the oulside surface of the
replaceable hopper; and wherein:

a load on the replaceable hopper potentiaily results from misalignment of
a blind connection with rigid tubular ends of the input flow and the output flow
conduits of the connection component with corresponding fixedly positioned
rigid tubular ends of a print apparatus; and

the cantilever beam enables a portion of the connection component in a
first direction from the bracket (o transfer a reduced load through the bracket o

the replaceable hopper.

20



WO 2019/013798 PCT/US2017/041902

7. A three dimensional {3D) print apparatus, comprising:

a compariment of the 3D print apparatus into which a replaceable hopper
is selectably receivable for access to a build material stored in the replaceable
hopper when a print operation is performed by the 30D print apparatus; and

a rail in the compartment {0 guide a first wheel affixed o an outside
surface, and positioned near an end, of the replaceable hopper so a blind
connection of a connection component affixed to the outside surface, and
positioned near the end, of the replaceable hopper is formed with a

corresponding component fixedly positioned near an end of the compartment.

8. The 30 print apparatus of claim 7, wherein:
the connection component comprises:
an input flow conduit positioned adjacent to an oulput flow conduit,
each flow conduit having a rigid tubular end; and
an electrical connection; and
the corresponding component comprises:
a first flow conduit that enables input of gas to the input flow
conduit of the connection component to propel the build material; and
a second flow conduit that enables receipt of the gas and the buiid

material from the output flow conduit of the connaction component.

g. The 30 print apparatus of claim 7, further comprising:

a build material feeder mechanism affixed to the ouiside surface of the
replaceable hopper;

an access conduit in the outside surface of the replaceable hopper
through which the build material feeder mechanism accesses the build material,

a first end of a tubing section connected to a flexible tubular portion of an
input flow conduit of the connection component;

a second end of the tubing section connected {o a flexible tubular portion

of an cutput flow conduit of the connection component;
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a supply conduit connecied to the build material feeder mechanism
through which the build material is supplied 1o the tubing section; and

an electrical connection of the connection component is guided by the rail
in the compartment so a blind connection is formed with a corresponding
electrical connection fixedly positioned near the end of the compariment; and

wherein connection of the electrical connection and the corresponding
electrical connection enables transmission of electrical signals, concerning
supply of the build material, between the build material feeder mechanism and a

controller of the 3D print apparatus.

10. The 3D print apparatus of claim 7, further comprising:

a load celi positioned near an opposite end of the replaceable hopper,
wherein the load cell determines a real time weight of the replaceable hopper
corresponding to a volume or mass of the build material that remains in the
replaceable hopper,;

a cantilever beam rigidly affixed to a bracket on the outside suface of the
replaceable hopper and a portion of the connection component near the end of
the replaceable hopper,

an slectrical connection of the connection component is guided by the rail
in the compartment so a blind connection is formed with a corregponding
eleclrical conneclion fixedly positioned naar the end of the compariment; and
wherein:

the cantilever beam enables the portion of the connection component
near the end t© fransfer a reduced load through the bracket to the replaceable
hopper to reduce an effect on determination of the real time weight of the
replaceable hopper by the ioad cell; and

connection of the electrical connection and the corresponding electrical
connechion enables transmission of electrical signals concerning the volume of

the build material between the load cell and a controller of the print apparatus.

11, The 30 print apparatus of claim 7, wherein:

22



WO 2019/013798 PCT/US2017/041902

the build material stored in the replaceable hopper is directable by
glectrical signals from a controller of the 3D print apparatus (o a build area of

the 3D print apparatus for performance of a print operation.

12. The 3D print apparatus of claim 7, further comprising:

a second whes! affixed to the cutside surface and positioned near an
opposite end of the replaceable hopper; and

wherein the rail in the compartment guides the first and second wheels
so the blind connection of the connection component is formed with the

corresponding component fixedly positioned near the end of the compariment.

13. A method, comprising:

independently ulilizing a plurality of replaceable hoppers for storage of
build material in a corresponding plurality of compartments in a print apparatus;

rigidly affixing a cantilever beam to a bracket and a clamp of a
connection component on an outside surface of each of the plurality of
replaceable hoppers; and

wherein the cantilever beam enables a blind connection with a
corrasponding component fixedly positioned in the corresponding plurality of

compariments.

14,  The method of claim 13, further comprising:
independently replacing one of the plurality of replaceable hoppers that
stores & first ype of the build material with another replaceable hopper that
stores a second type of the build material according to a print protocol; and
wherein the first type and the second type of the build material are
different.

15, The method of claim 13, further comprising:
connecting in series a first build material feeder mechanism of a first
replaceable hopper and a second build material feeder mechanism of a second

replaceable hopper of the plurality of replaceable hoppers;
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ouipuiting a first type of build material with the first build material feeder
mechanism from the first replaceabie hopper via gas flow through a tubing
system to the second replaceable hopper;

outputiing a second type of build material with the second build material
feedar mechanism from the second replaceable hopper via the gas flow
received from the first replaceable hopper through the tubing system; and

controlling a ratio of the first type of build material to the second type of
build material according to a print protocol; and

wherein the first type and the second type of the build material are

different.
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