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MIXER UNIT

BACKGROUND

[6001] Additive manufacturing systems that generate three-dimensional objects
on a laver-by-layer basis have been proposed as a potentially convenient way

to produce three-dimensional objects in small quantities.

(68021 The guality of objects produced by additive manufacturing systems can
vary, and can depend on the quality of build materials supplied {0 a production
area. In certain scenarios, it can be desirable to supply a mix of different build
materials from different sources. The gualily of the produced objects can

therefore be dependent on the guality of the mix.

BRIEF DESCRIPTION

(60033 bxamples are further described hereinafler with reference 10 the

accompanying drawings, in which:

Figure 1A schematically illustrates an example of a three dimensional

(3D) printing system;

Figure 1B schematically illustrates the material management station of

the example of Figure 14,
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Figure 1C schematically Hiustrates a working area of the material

management station of the example of Figure 1B,

Figure 2A schematically iilusirates an internal circuit diagram of one

example of a material management station;

Figure 2B is a table schematically iliustrating valve setling information for

the material management station intemal circuit of Figure 24,

Figure 2C schematically lliustrates a build material trap geometry used in

tanks of the material management station internal circuit of Figure 2A,;
Figure 3 schematicaily illustrates a mixer unit according to one example;

Figure 4 is a detaill view of a laich portion of the example mixer unit of

Figure 3;

Figure 5 is a cross-sectional view through the example mixer unit of
Figure 3;

Figure 6 is a top plan view of the example mixer unit of Figure 5;

Figure 7 schematically illustrates the vertical forces acting on an exampie

mixing container of the mixer unit of Figure 3;

Figure 8 schematically illustrates a build material management system

according to one example; and

Figure 9 is a flow diagram oullining a method of mixing unfused build
materials for a 30D printing system in a predefined weight ratio according {0 one

example.

DETAILED DESCRIFTION

(0004 As shown in Figure 1A, a three dimensional (3D) printing system 100 (or
additive manufacturing sysiem) according to one exampie can include a trolley

102, a 3D printer 104 and a material management system in the form of a

2
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material management station 108, The material management station 106

manages build material.

[6005] The trolley 102 is arranged {o slot info a docking position in the prinier
104 sliow the printer 104 o generate a 3D object within the troliey. The troliey
102 is also arranged o also slot (at a different time) into a docking position 107
in the material management station 106. The trolley 102 may be docked in the
material management station 106 prior 0 a 3D printing process to load the

trofley with build material in preparation for a 3D printing process.

(60083 The build material loaded info the trolley may include recycied or
recovered build material from a previous printing process, fresh build material or
a portion of fresh and recycled build material. Some build materials may be non-
recyclable and hence in this case no recovered build maiterial will be used {0
load the trolley. The build material may be or include, for example, powdered
metal materials, powdered composited materials, powder ceramic maierials,
powdered g¢lass materials, powdered resin maierial, powdered polymer
materials and the like. In some examples where the build material is a powder-
based build material, the term powder-based materials is intended o
encompass both dry and wet powder-based materials, pariiculate materiais and
granuiar materials. It should be understood that the examples described herein
are not limited to powder-based maierials, and may be used, with suilable
modification if appropriate, with other suitable build materials. In other
examples, the build material may be in the form of peliets, or any other suitable

form of build material, for instance.

(60071 Retuming to Figure 1A, the trolley 102 may alse be docked in the
docking position 107 in the material management station 106 (shown without
the troliey 102 docked in Figure 1A) to clean up at least some components of
the trolley 102 afier it has been used in a 3D printing production process. The
clean-up process may involve recovery and storage in the material
management station 108 of unfused build material from the previous print job for

subsequent reuse. During a 3D printing process a portion of the supplied build

3
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material may be fused to form the 30D object, whiist a remaining portion of the
supplied build material may remain unfused {(non-fused) and potentially
recyclable, depending on the type of build material used. Some processing of
the unfused build material may be performed by the material management
station 106 prior o storage for recycling, to reduce any agglomeration for

axampie.

(G008} H will be understood that the maierial management station 106 may also
include an access panel (not shown) to cover the docking position 107 when the
frolley 102 is fully docked with the material management station 106 and when

the iroliey 102 is fully removed from the material management station 106.

(06008} One material management slation 106 can be used to service any
number of different 3D printers. A given 3D printer may interchangeably use any
number of trolleys 102, for example, ulilising different trolleys for different build
materiais. The material management station 108 can purge a irolley 102 of a
given build material after a 3D printing production process, allowing it to be filied
with a different buiid material for a subsequent 3D printing production run.
Purging of the trolley 102 may also involve purging of the material management
station 106 or alternatively, it may involve separation of different build materials
in the material management station 106 to prevent contamination of one build

material type with another.

(00108} The trolley 102 in this example has a build platform 122 on which an
object being manufactured is construcied. The irolley 102 also comprises a
build material store 124 (situated beneath a build platform 122 in this example.
The build platform 122 may be arranged 1o have an actuation mechanism (not
shown) allowing it, when if is docked in the printer 104 and during a 3D printing
production process, to gradually move down, such as in a siep-wise manner,
towards the base of the trolley 102 as the printing of the 3D object progresses
and as the build material store 124 within the trolley 102 becomes depleted.
This provides progressively more distance between the build platform 122 and

the print camriages (not shown) to accommodate the 3D object being

4
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manufactured. The size of an object being printed may increase progressively

as it is build up layer-by-layer in the 3D printing process in this example.

[6011] The 3D printer 104 of this example can generate a 3D object by using a
build material depositor carriage (not shown) to form layers of build material
onto the build platform 122, Cerlain regions of each deposited layer are fused
by the printer 104 {0 progressively form the object according 1o object-specifying
data. The object-specifying data are based on a 3D shape of the object and
may also provide object properly data such as sirength or roughness
corresponding to the whole object or part{s) of the 30 object. In examples, the
desired 3D object properties may also be supplied to the 3D printer 104 via a
user interface, via a sofiware driver or via predetermined object property data

stored in a memaory.

(0012} After a layer of the build material has been deposited on the build
platform 122 by the printer 104, a page-wide array of thermal (or piezo)
printheads on a carriage (not shown) of the 3D printer 104 can traverse the
build platform 122 o selectively deposit a fusing agent in a patiern based on
where particles of the build material are to fuse together. Once the fusing agent
has been applied, the layer of build material may be exposed o fusing energy
using & healing element (not shown} of the 3D printer 104, The build material
deposition, fusing agent and fusing energy application process may be repeated
in successive lavers until a complete 3D object has been generated. The
material management station 106 may be used with any additive manufaciuring
technigue and is not limited o printers using printheads on a carriage 1o deposit
a fusing agent as in the example described above. For example, the material
management station 108 may be used with a selective laser sintering additive

manufacturing technique.

(0613} Figure 1B schematically iHustrates the material management station 106
of the example of Figure 1A, with the trolley 102 of Figure 1A docked therein.

[6014] As shown in the example of Figure 18, the material management station
106 has two interfaces for receiving two fresh build material supply containers in
5
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the form of tanks (or cartridges) 114a, 114b, which may be releasably inseriable
in the material management station 108. In this example, each fresh build
material supply tank 114a, 114b has a capacity of between about thirty and fifty
litres. In one example, the build material may be a powdered semi-crystalline
thermoplastic material. The provision of two fresh build material supply tanks
114a, 114b allows “hot swapping” to be performed such that if a currently active
tank becomes empty or close to empty of build material when the trolley 102 is
being filled with build material by the malerial management siation 106 in
preparation for an additive manufacturing process, a fresh build material supply
scurce can be dynamically changed to the other of the iwo fanks. The material
management system 106 may have a weight measurement device 10 assess
how much fresh build material is present at a given time in any of the fresh build
material supply fanks 114a, 114b. The fresh buiid material from the fanks 114a,
114b, may be consumed, for example, when loading the trolley 102 with build
material prior 1o the trolley 102 being installed in the printer 104 for a 3D printing

production run.

[6015] Build material is moved around within the material management station
106 in this example using a vacuum system {(described below with reference o
Figure 2A), which promotes cleanliness within the system and allows for
recycling of at least a portion of build material between successive 3D printing
jobs where the type of build material selected for use is recyclable. References
to a vacuum system in this specification include a vacuum that is partial vacuum
or a pressure that is reduced, for example, relative {0 atmospheric pressure.
The vacuum may corespond to “negative pressure”, which can be used o
denote pressures below atmospheric pressure in a circuit surrounded by

atmospheric pressure.

(0018} A total trolley-use time for printing of & 3D object before the trolley 102
can be reused may depend upon both a printing iime of the printer 104 when
the trolley 102 is in the printer 104 and a cooling time of the contents of the build

volume of the trolley 102, It will be understood that the trolley 102 c¢an be
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removed from the printer 104 after the printing operation, allowing the printer
104 {0 be re-used for a further printing operation using build material within a
different trolley before the {otal trolley-use time has elapsed. The trolley 102 can
be moved to the material management station 108 at the end of the printing
time. The vacuum system can be used, in some examples, to promote more
rapid cooling of the contents of the build volume following a 3D print production
process than would otherwise occur without the vacuum system. Alternative
examples to the vacuum system such as a compressed air system can create

excess dust, potentially making the clean-up process more difficult.

[6817] The material management station 108 in this example has a recovered
build material tank 108 (see Figure 1B), located internally, where build material
recovered from the printing trolley 102 by the vacuum system is stored for
subsequent reuse, if appropriate. Some build materials may be recyclable whilst
others may be non-recyclable. In an initial 3D printing production cycle, 100%
fresh build material may be used. However, on second and subsequent printing
cycles, depending upon build material characteristics and user choice, the build
material used for the print job may comprise a proportion of fresh build material
(e.9. 20%) and a portion of recycled build material (e.g. 80%). Some users may
glect 0o use mainly or exclusively fresh build material on second and
subsequent printing cycles, for example, considering safeguarding a quality of
the printed cobject. The internal recovered build material tank 108 may become
full during a post-production clean-up process, although it may become full after
two or more post-production clean up processes have been performead, but not
before. Accordingly, an overflow container in the form of an external overflow
tank 110 can be provided as part of the material management station 106 1o
provide additional capacity for recoverad build material for use once the internal
recovered build material tank 108 is full or close to full capacity. Alternatively,
the external overflow tank 110 can be a removable container. In this exampie,
poris are provided as part of the material management station 106 {o aliow for
ocutput of or reception of build material {0 and/or from the exiernal overflow tank

110. A sieve 116 or slternative build material refinement device may be
7
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provided for use together with the internal recovered build material tank 108 t©
make unfused build material recovered from a 2D printing production process

for recycling more granular, that is, to reduce aggiomeration {ciumping).

[0018] The material management station 106 in this example has a mixing tank
{or biending tank) 112 comprising a mixing blade (not shown) for mixing
recycled build material from the internal recovered build material tank 108 with
fresh build material from one of the fresh build material supply tanks 114a, 114b
for supply to the trolley 102 when it is loaded prior to a printing production
process. The mixing tank {or blending tank) 112, in this example, is provided on
iop of the material management station 108, above the location of the build
platform 122 when the trolley 102 is docked therein. The mixing tank 112 is
connecied 0 a mixer build material trap 113 (descaribed below with reference o

Figure 2A) for input of build material into the mixing tank 112.

[6019] The fresh build material supply tanks 114a, 114b, the external overflow
tank 110 and the main body of the material management station 108 may be
constructed to fit together in a modular way, permitting a number of alternative
geometrical configurations for the fully assembled material management station
106, In this way, the material managemeni station 106 is adaptable io fit inio

different housing spaces in a manufacturing environment.

(0028 The fresh build material supply anks 114a, 114b may be releasably
connected to the main body of the material management station 108 via
respective supply tank conneciors 134a, 134b. These supply tank conneclors
134a, 134b may incorporate a security system 1o reduce the likelihood of
unsuitable build material being used in the 3D printing system. In one example,
suitable fresh build material supply tanks 114a, 114b are provided with a secure
memory chip, which can be read by a chip reader (not shown) or other
processing circuitry on the main body of the material management station 106
to verify the authenticity of any replacement supply tank (cartridge) 114a, 114b
that has been installed. In this example, the chip reader may be provided on the

supply tank connectors 134a, 134b and upon attachment of the fresh build

8
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material supply tank 114a, 114b to the respective connector 134a, 134b, an
glectrical connection may be formed. The processing circuitry in the material
management station 106 may also be used o write a measured weight of build
material determined to be in the respective fresh build material supply tank(s)
1143, 114b onto the secure memory chip of the tank {o store and/or update that
value. Thus, the amount of authorised build material remaining in the fresh build
material supply tank(s) 114a, 114b at the end of a troliey loading process can
be recorded. This allows the withdrawal of particulate build material from the
fresh builld material supply tanks 114a, 114b beyond the guantily with which i
was filled by the manufaciurer to be prevented. For example, in the case of a
fresh build material supply tank 114a, 114b from which the fank manufacturer's
authorised fresh build material has previously been completely withdrawn, this
limits the withdrawal of further build material that may damage the printer or
print quality, if the fresh build material supply tank were re-filled with alternative

fresh build material.

(60213 The secure memory chip of the fresh build material supply tanks 114a,
114b can store a material type of the build material contained within the fresh
build material supply tanks. In one example, the material type is the material
{e.q. ceramic, glass, resin, etc.). In this way, the material management station
106 can determine the material type 0 be used by the material management
station 106.

(0022} Figure 1C schematically illustrates a working area of the material
management station 108 of the example of Figure 1B, showing the build
platform 122 of the trolley 102 and a build material lcading hose 142, which
provides a path between the mixing container 112 of Figure 1B and the build
material store 124 of the trolley 102. The loading hose 142 is used for loading
the trolley 102 with build material prior to the frolley 102 being used in the
printer 104, Figure 1C also shows a recycling hose 144 for unpacking
manufaciured 3D objects, cleaning the build platform 122 of the trolley 102 and

a surrounding working area within the material management station 106. In one
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example, the recycling hose 144 operates by suction provided via a pump 204
{see Figure 2A) and provides an enclosed path to the recovered build material
tank 108 (see Figure 1B) for receiving and hoiding build material for re-use in a
subsequent 3D printing process. The recycling hose 144 may, in one example,
be operated manually by a user to recover recyclable build material from and/or

to clean up a working area of the material management station 108.

[0023] Figure 2A schematically ilustrates an internal circuit diagram 200 of one
example of a build material management system in the form of a material
management station 106. The material management station 108 can be used in

conjunction with the trolley 102 of Figure 1A.

[6024] As previously described, printed parts along with unfused build material
can be transported from the 3D printer 104 to the material management station
106 via the trolley 102. The material management station 106 can then be used

to process build material and printed parts from the trolley 102.

[6025] iIn another example, printed parts along with unfused build material can
he transported from the 3D prinfer 104 to the material management station 106
via another suitable container, €.9. a box or cartridge {(not shown) instead of the
iroliey 102. The material management station 108 may then be used to process

the powder-based material and printed parts from the container.

[0628] The material management station circuit 200 includes a conduit {or
quide-channel) network and & pump 204 {o provide a pressure differential
across the conduit network to transport unfused build material between different
componentis, as described below with reference o Figure 2A. in this exampie,
the pump 204 is a suction pump which operates o create a pressure differential
across the suction pump to produce air flow from an air inlet at substantially
atmospheric pressure through the conduit networl towards an upstream side of
the suction pump (at a pressure below atmospheric or at “negative pressure”).
The pump 204 may be provided as an integral part of the material management
station 106 in one example, but in another exampile, the material management
station 106 provides a negative/reduced pressure interface, via which a suction
10
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pump may be detachably coupled or coupled in a fixed configuration. Although
the description below refers {o first conduit, second conduit, third conduit efc. of
the conduit networl, there is no implied ordering in the number of the conduits

other than to distinguish one conduit from another.

(0027} A collection hose 206 is connected to a recovered build maleral tank
(RBMT) 208 via a working area port in & working area 203 in the form of &
waorking area inlet port 273 and a first conduit (hose-to- RBMT conduit) 272 of
the conduit network. The recovered build material tank 208 includes a
recovered build material tank {(RBMT) inlet area comprising a recovered build
material tank (REBMT) build material trap 218b and a recovered build material
tank (RBMT) material outlet. The RBMT inlet area is where a fluidised flow of
build material is received for storage in the recovered build material tank 208.
The first conduit 272 provides a path between the working area inlet port 273
and the REMT inlet area. The working area inlet port 273 is o receive build
material from the collection hose 206 and is provided at an end of the first
conduit 272 connected {o the collection hose 206. In other examples, the RBMT
inlet area may communicate directly with the working area 203 or the collection

hose 2006 without a first conduit 272 between.

[0028] The recovered build material tank 208 in this example is provided
internally to the material management station 106. A hose-to-RBMT valve 242 s
positioned along the first conduit 272 for opening and closing the path through
the first conduit 272. The collection hose 208 extends from the working area
intet port 273 into the working area 203. The working area 203 includes at least
a portion of the trollsy 102 (or other comtainer) and can be maintained at
substantially atmospheric pressure. Build material from the irolley 102 can be
collected by the collection hose 206 and transported to the recoversd build
material tank 208 through the first conduit 272, In this way, build material
collected in the working area 203 and/or the irolley 102 can be considered {0 be
from a collection source. The recovered build material tank 208 can be used for

storing any unfused build material from the trolley 102 that is suitable for being

11
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used again in a further 3D printing (additive manufacturing) process. in this way,
the recovered build material tank 208 can be used as a buffer storage tank to
temporarily store unfused build material prior to supplying the unfused build

material for use in a further 3D printing (additive manufacturing) process.

(0028} A second conduit 274 {(hose-to-overflow conduit) of the conduit network
connects the coliection hose 206 to an overflow tank 210. The overflow tank
210 includes an overflow inlet area and the second conduit 274 provides a path
hetween the collection hose 206 and the overflow inlef area comprising, in this
example, an overflow build material trap 218a (a filter). An overflow tank portin
the form of an overflow tank outlet port 275 may aisc be provided af an end of
the second conduit 274, The overflow tank 210 can be selectively sealed by an
openable lid {not shown). In a sealed configuration, the overflow tank 210 is in
fluid communication with overflow inlet ports and overflow cutlet ports of the
conduit network. Furthermore, in the sealed configuration, the overfiow tank 210
is not directly open to the atmosphere. Build material from the working area 203
can be transported through the second conduit 274 and overflow tank outlet port
275 into the overflow tank 210. A hose-to-overflow valve 244 is positioned along
the second conduit 274 for opening and closing a path through the second
conduit 274, Unfused build material from the trolley 102 {or other container) can
be collected by the collection hose 206 and transported to the overflow tank 210
through the first conduit 272. The overflow tank 210 is an external container that
is removable and that can be used for storing excess recoverable (recyciable)
build material when the recovered build material tank 208 is full. Altemaltively,
the overflow tank 210 can be used as a waste storage tank to store unfused
build material from the trolley 102 that is not suitable for recycling. in this
example, the overflow tank port can be referred 10 as a waste port and the
overflow tank coutlet port 275 can be referred 10 as a waste outlet port. In a
further aliernative, the overflow tank 210 can be used as a purged build material
storage tank to store unfused build material from the trolley 102 and from
elsewhere in the malerial management station 106 when the material

management station is purged of un-fused build material.
12
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(60383 The pump 204 is connected via a third conduit 276 {(pump-ic-RBMT
conduit) of the conduit network 10 the recovered build material tank 208. The
third conduit 278 provides a path between the pump 204 and the RBMT inlet
area. A RBMT-to-pump valve 248 is positioned along the third conduit 276 for
opening and closing the path through the third conduit 276.

(00317 The pump 204 is also connected to the overflow tank 210 via a fourth
conduit 278 (pump-to-overfliow conduit) of the conduit network. The fourth
conduil 278 provides a path between the pump 204 and the overflow inlet area.
An overflow tank port in the form of an overflow tank vacuum port 279 may also
be provided at an end of the fourth conduit 278. Fiuid, e.g. air, can transmit
through the overflow tank vacuum port 279 from the overflow inlet area towards
the pump 204. An overflow-to-pump vailve 248 is positioned along the fourth
conduit 278 for opening and closing a path through the fourth conduit 278.

[0032] Unfused build material in the troliey 102 can be collected using the
collection hose 208 and transported either o the recovered build material tank
208 or o the overflow tank 210, or both. The tank {0 be used at g given time can
be selected by opening appropriate valves along the conduits of the circuit of
Figure 2A.

[0033] The valves described herein with reference to Figure 2A may be
controlled by a controlier 295, which may be, for example a programmabile logic
controller forming a part of processing circuitry of the build material
management station 106. The controller 285 may elecironically open any
number of valves {0 open any number of corresponding paths in respective
conduits based on the material transport operation being performed. The
controller 295 may also electronically ciose one or more valves to close any
number of corresponding paths in respective conduits. The valves may be, for
example, butlerfly valves and may be actuated using compressed air. In ancther

example, any number of valves may be opened and closed manually by a user.

[6034] The controller 295 controls the general operation of the material
management system 200, The conirolier may be a microprocessor-based
13
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controlier that is coupled o a memory (not shown), for example via a
communications bus (not shown). The memory stores machine executable
instructions. The controller 295 may execute the instructions and hence control
operation of the build material management system 200 in accordance with

those instructions.

(0038} Figure 2B is a table schemstically illustrating for each of a number of
different build material source locations and build matsrial destination locstions,
an appropriate valve configuration corresponding the valves as labelled in
Figure 2A. A tick in an appropriate column of the table indicates that the
corresponding valve is controlied o be open by the coniroller 295 for the
particular build material transport operation. For example, when transporting
build material from the recoversd build material tank 208 1o the mixing tank 212,
the valves 258, 258 and 254 are set by the controlisr 295 10 be open, whereas
the valves 250, 244, 276, 248, 242, 262, 260, 2522 and 252b are sei to be
closed. In aliernative examples, some valves may be set to be open by

simultaneity.

(6038} In an example, a recyclability indicator is delermined by processing
circuitry of the build material management station 106. The recyclability
indicator can be indicative of whether the build material in the trolley 102 (or
container) includes recyciable or recoverable material. When it is determined
that the unfused builld material in the trolley 102 is not recyclable or when the
recovered build material tank 208 is full, the unfused build material can be

transported to the overflow tank 210,

(60371 To transport the unfused build material from the frolley 102 to the
gverflow tank 210, the hose-fo-overflow valve 244 in the second conduit 274
between the collection hose 206 and the overflow tank 210 and the overflow-to-
pump valve 248 in the fourth conduit 278 between the pump 204 and the
overflow tank 210 can be opened, e.g electronically by the controller 295
When the pump is active, a differential pressure is provided from the pump o

the collection hose 206. That is, a pressure at the pump 204 is lower than a

14



WO 2017/197004 PCT/US2017/031996

pressure at the collection hose 208, The differential pressure enables build
material from the trolley 102 {or container) to be transported to the overflow tank
210, Bui