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(57) Abstract: A three-dimensional printer comprising means for build material, a printer carriage and a curtain. The means for de-
positing the build material deposits same on a printing zone and/or on one or more build material layers deposited on the printing zone.
The printer carriage is to move along a first axis over the printing zone and comprises means for treating the build material. The curtain
is attached to a tirst side of the printer carriage with a first side of the curtain and/or configured to move along with the printer carriage
such that the curtain covers at least an area of the print zone, wherein the area varies dependent on the moving of the printer carriage

over the print zone.
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THREE-DIMENSIONAL PRINTER

Description

Background

A three-dimensional printing system based on powder fusing may comprise a printing
bucket where the paris are fused or sintered layer by layer. During the process, thin layers
of powder (in general build material) are deposited on the so-called print zone or printing
bed surface. The thickness of these layers may generally be around 100 microns or less,

After depositing the layer, the system prints with one or multiple printing agents, such as a
fusing agent, one or mulliple patterns that may correspond to the cross-section of the
layer of a part to be printed. This printing process with printing agents may be performed
by one or mulltiple printheads on a printing carriage which ¢an move in a scan axis from
one side of the printer bed to the other side. The carriage may have a printer head aligned
in an orthogonal way related to the scan axis: This way the printer can print over the entire
printer bed surface with the described mechanism. After that, a fusing lamp applies heat
io the powder layer causing those portions of the powder on which fusing agent was
printed to heat up, melt, and fuse.

Brief Description of the Drawings

Fig. 1 shows a schematic block diagram of an example 3D printer which

makes use of the present disclosure,

Figs. 2a and 2b show schematic block diagrams of other examples of the 3D printer,
which makes use of an enhanced present disclosure, in two different
printing stages.
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Fig. 3 shows a schematic block diagram of an enhanced example of the 3D

printer according to the present disclosure,

Detailed Description

Fig. 1 shows a 3D printer 10. The element to be printed is printed in a so-called print zone
12, e.q. formed by a printer bed 14. The printer bed 14 may comprise a build platform
which is moved down a distance corresponding io the height of the layer of build material
16 1o be formed. The printer bed 14 and thus the print zone 12 may be a removabie part
of the printer 10 or integrated into same. On the print zone 12, thin layers of the build
material 16 are deposited. The depositing is performed layer by layer using means (not
shown) for depositing build material. Belween the deposition of the respective layers
fusing of the deposiied build material 16 may be performed which will be described below.

The build material 16 may be a powder, such as a plastic powder, or powder-iype
material, or 2 metal powder having small particle sizes, wherein the particle size (particie
diameter) depends on the selected material. For example, the 50 called PA12 having a
particle diameter of 60 microns may be used. Ancther powder material is the so-called
PAT1T which is more heterogeneous and has diameters between 10 to 50 microns, i.e., up
to six times smaller than the PA12. The small particles of the PA11 are light so that these
particles tend to leave the print zone 12 (in an uncontrolled way) due to multiple reasons,
such as air turbulences.

Between each layer deposition the build material 16 is treated, e.g., sintered or fused.
Depending on the used build material 16, different treating procedures may be used. For
example, SLS machines (selective laser sintering machines) are used o directly fuse a
new section of the new part in the new layer 16 using a laser beam, while thermal fusing
use agents to fuse selectively with the help of fusing lamps. Chemical binder agent
systems, such as binder jet fype systems, print a chemical bindsr on layers of build
material. The treatment is performed using the treating means 22, e.¢., a printhead. The
printhead or, in general, the means 22 treating the build material 16 are arranged on a2

printer carriage 20.

The printer carriage 20 is to move along a first axis {marked by the reference numeral 24)
axtending in parallel to a first dimension of the print zone 12. The carriage 20 and the

tregtment means 22 may extend along a second direction (¢f. reference numeral 25}, e.q.

2
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perpendicular to the first axis 24. For example, the treatment means 22 (printer head) may
he formed by an array of print heads that spans the whole width 25 of the build platform,
and is thus able {0 address the whole surface of the build platform 12 in a single pass of
the carriage 20 over the bulid platform 12 along the axis 24, Note thal the scanning

ireatment means 22 may aiso be used in one or muliple passes.

This movement of the carriage 20 over the printing platform 12 creates turbulent airflows
within the volume 35 between the carriage 20 and the build material 16, The turbulent
airflows may be generated in front of the moving carriage 20 due to displacement of air
and/or behind the moving carriage 20 as turbulences. The turbulent airflows or
turbulences may depend on factors such as the carriage speed, the carriage shape. The
impact of the turbulent airflows on the build material depends on the particle weight and
particle sizes of the build material 16 (e.g. powder). In order o reduce the turbulent

airflows or turbulences af lsast a curfain 30 is provided.

The curtain 30 is arranged so as 1o avoid or reduce the movement of the air in the volume
35 below the carriage 20 during the movement of the carriage 20. In detail, the curtain 30
is attached {o a first side of the printer carriage 20 (with a first side of the curtain 30) and
arranged extending over an area 18 of the print zone 12 which is passed by the printer
carriage 20 during the movement along the axis 24. Dus to the coupling of the curtain 30
and the carriage 20, the curtain 30 moves dependent on the movement of the carriage 20
along the axis 24. As shown, the curtain 30 may be arranged within a plane within which
the carriage 30 is moved, Le., a plane exending along the axis 24 and along the
extension of the carriage 20. As a consequence of this, the curtain 30 lies substantially in

paraliel to the print zone 12.

The curiain 30 covers a large area of the print zone 12 and the build material layers 186,
wherein the coverage of the print zone 12 varies dependent on the position of the carriage
20; L.e. such that, as the carriage 20 moves over the print zone 12 the portion of the print
zone 12 covered by the curiain 30 changes. The coverage of the area in front and/or
behind the moving carriage 20 prevents - at least in the coverad area of the print zone 12
~ air being disturbed during the carriage movement. Consequently, the curtain 30 helps to

reduce turbulence associated with carriage movement.
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According to ancther disclosure, the curtain 30 may be arranged so that only the carriage
20 (or the printhead) moves. According to this disclosure, the curlain 30 is fixed and

becomes simply displaced by the carriage 20 as the carriage 30 moves back and forth.

The carriage 20 may be moved back and forth along the axis 24, Thus, in one example
the printer 10 may comprise a second curlain 32 arranged on the opposite side of the
carriage 20. The two curfaing 30 and 32 together with the carriage 20 cover the entire
print zone 12. Below the curtains 30 and 32 a volume 35 is defined and enclosed between
the curtains 30 and 32 and the print zone 12, During the movement of the carriage 20, the
curtains 30 and 32 basically assure that there is no or nearly no volume change of the
volume 35 below the carriage. Note that the definition of volume change means both the
size of the volume and the shape of the volume itself. According to a disclosure, the one
or two curtaing 30 and 32 are fitted flush, or substantially flush, to a botiom surface of the
carriage 20 and/or the printhead (means for fusing 22). As a resulf of the flush filting there
are no slements protruding into the volume 35 such that any elemeant can cause an air
shift in the volume 35, Due to the non-present volume change of the volume 35 below the
carriage 20, there is a significantly reduced air movement assuring no or at least
significantly reduced {urbulences may be created over the print zone 12. To sum up, the
discussed mechanism comprising the one or two curtains 30 or 32 prevenis, or &t least
reduces thin powder particles or, in general, the build material 16 to uncontroliably leave
the print zone 12 during the printing process. The mechanism can aiso help {0 minimize
3D printing maintenance associated with continuous powder leakage all ovaer the machine,
damaging electronic and mechanical parts, such as PCAs or air filters. This snables {o
increase the productivity and maintenance time (long life for fillers and low impact in

glectronics due to a cleaner printer chamber).

Additionaily, the part quality may be increased since the negative sffect of the turbulences
an the powder layers is reduced. As dascribed above powder having smaller particles,
such as PA11 (10 microns), could have a positive effect on the part quality. However,
such powder is sensitive to air turbulence. Since a three-dimensional printer according {o
the described disciosure enables o reduce turbulences, powder having smaller particles
can be supporied.

With respect to Fig. 2, a further example for a printer will be discussed, Fig. 2a and 2b
shows a printer 10’ comprising a print zone 12 (arranged in a build unit/chamber 14),

wherein g plurality of layersi8’ have been deposited layer by layer with bulld material

4
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ireating procedures in between such that the shown 30 elements 17 can be produced.
The treating procedures are performed using the carriage 20 and especially the ireating

means 22’ of the carriage.

The carriage 20 is moved along the axis 24 such that same passes the print zone. Within
the illustration of Fig. 2a, the carriage is arranged on a first end position of the axis 24.
The illustration of Fig. 2b shows the same printer 10, wherein the carriage 20 is arranged
in a second position closer {o the opposite end position of the axis 24.

According {o this disclosure, two curtains 30 and 32 are arranged such that the curtain 30
aextends from the carriage 20 in a first direction along the axis 24, while the curiain 32
extends in a second direction opposite to the first direction along the axis 24. In other
words, this means that the entire curtain 30 plus 32 is composed by two sections, one on
each carriage side. When the carriage 20 moves towards one side, the section of the
curtain 30 approached by the carriage 20 is retracted, while the other curtain section is
sireiched. The opposite behavior is expected when the carrier moves in the opposile

direction.

Both curtains 30 and 32 are attached to the housing {(not shown) by use of a sprung or
motor driven roller. The roller 34 is configured {o roll up and unroll the curtain 30, while the
roller 36 is configured to roll up and unrolf the curtain 32, Thus, each curtain 30 and 32 s
arranged between the respective roller 34/36 and the carriage 20. The movement of the
carriage 20 causes one curtain, e.g., the curtain 32, {o be pulled out of the rolisr 36 while
the roller 34 rolis the curtain 30 up. The rolling up may be supported by use of a spring or
another mechanism. The concept of rolling in and out becomes clear when comparing the
two different positions of the carriage 20 illustrated by Fig. 2a and 2b.

As can be seen, the unreeled curtain 32, within the configuration of Fig. 2b, is enlarged
when compared to the same curtain 32 within the configuration of Fig. 2a. The
consequence of the rolling procedure performed by the rollers 34 and 36 is such that the
curtains 30 and 32 are arranged io cover the area passed by the carriage 20
independently from the movement of the carriage 20. i should be noted that, according to

another disclosure, the rollers may also be arranged at the carriage.

From another point of view the configuration of Fig. 2a and 2b may be described as

follows: the curtains 30 and 32 are arranged in parallel to the print zone and formed

5
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together with a botlom area or bottom side of the carriage 20, a common plane or plane.
This plane is marked by the reference numeral 37 and defines, together with the print
zone 12, the volume 35. As discussed above, the volume 35 is not changed during the
movement of the carriage 20

A side effect of the arrangement of the two curtains 30 and 32 is that the area between
the carriage 20 and the print zone 12 (dust section 35) is separated from the other areas
where the mechanical parts and/or here the electronics are arranged. The enclosing of the

dust section 35 enables to prevent particles influencing the meachanics or the elecironics.

As Hlustrated, the means 22 for treating the build material 18’ comprises, according to the
disclosure of Figs. 2a and 2b, two entities, namsly a first enfity such as a printhead
comprising nozzles to provide the agenis to the build material 16" (cf. reference numeral
22a) and a second entity for performing the fusion, namely one or more fusing lamps
marked by the reference numeral 22b. The fusing lamps 22b may be arranged at two
sides of the centrally arranged first entity 22a. The first entily 223 may comprise one or
more agent outlets or nozzles for the agenis which may be activated separately. The
performed treatment of the means 22 follows a two-stage procedure. First the agent, e.q.,
an agent facilitating the fusion or an agent preventing the fusion, is provided to the
respective build material layer 16°. Then, the fusion is performing, .9., by applving energy
ar heat o the build material 16 or the build material 16 soaked with the ageni. Other
agents for selectively modifying the material property may be used, {oo.

Since the temperatures for the fusion are quite high, the energy level provided by the
fusion lamps 22b should also be high. In order to lower the energy level for the fusion
lamps 22b, a preheating may be performed. This preheating will be discussed with
respect to Fig. 3.

The printer 107 of Figs. 3 substantially complies with the printer 10" of Figs. 2a and 2b,
wherein an addifional element, namely a preheater for preheating the build material, is
provided. The preheater is marked by the reference numeral 40. The preheater 40 may be
realized as a {op lamp locaied over the carriage 20, i.e., opposiie {o the print zone 12.

The pre heating has purpose {o bring the temperature of the build material 16" in the range
of its fusing temperature but not above the fusion temperature. The consequence is that

the energy application performed by the fusion lamps 226 is reduced.

6
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As shown by the disclosure of Fig. 3, the preheating element 40 may be arranged above
the carriage 20 so that it radiates towards the curtain. In order to enable such radiating a
hybrid curtain 307 or 32”7 may be used. The curtain 30" and 327, or at least one of the
curtains, comprising a window arranged next {o the carriage 20 may be used. The one or
more windows are marked by the reference numerals 42 and provide access from the top
lamp 40 o the print zone 12 when the carriage 20 moves o the other side. The goal of
this hybrid solution is to  allow an overhead fusing lamp 40 1o be used, while avoiding
pumping air over the printing platform 12 during carriage movement.

it is noted that when glass is used for the window 42, the windows are not flexible and
may not be rolled up using the rollers 34 and 36. Consequently, an entire curiain
mechanism comprising the two curtains 307 and 32” and the rollers 34 and 36 have an
enlarged space when compared {o the example of Figs. 2a and 2b. As can be ssen when
comparing the example of Fig. 2b and Fig. 3 the width of the enfire mechanism is

anlarged by the width of the two windows 42.

Although in the above examples it has been discussed that the curtain 30 as well as the
curtain 32 is atfached to the carriage 20, it should be noted that this does not mean that
the curtains 30 and 32 have io be directly altached to the carriage. For example, if the
rollers 30/32 are not arranged sideward, the roller may be arranged such that same
couples the curtain 30/32 with the respeciive side of the carriage 20. Additionally, different
glements may be arranged in between.

With regard {o the above implementations, in particular with regard {0 the example of Figs.
2a, 2b and 3, it has been discussed that below the curtains a volume 35 is enciosed. The
voiume 38 is enclosed by the print zone 12 and a plane 37 formed by the curtaing 32/34
or 327/44" together with a bottom side facing to the print zone 12 of the carriage 20. Note
that the enclosure / volume 35 may be formed such that the enclosure / volume 35is not a
completely sealed enclosure. The plane may be planar or may be formed by a different
surface. In order {o achieve a planar surface, the fwo curfains 30 and 32 may be fitled
flush with the carriage 20 and/or the frealing means 22 {printer head). in order {o avoid the
optimum minimization of the volume change and, thus, the maximum avoidance of
turbulences, the boltom surfaces of the curtains 30 and 32 as well as the botiom surface
of the carriage move within a common plane.
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The plane or common plane may be substantially arranged in parallel to the print zone 12
and the layers 18’ on the print zone 12. In this contexi, it should be noted that even a
small tilt of the plane formed by the curtains and the print zone/lavers would enable to
reduce the turbulences especially when the plane of the curiaing extend along the

movement axis 24 (cf. Fig. 1).

According o a disclosure, according which a roller is used for the curiain, it should be
noted that the roller mechanism is arranged between a housing and a second side of the

curtain (while first side of the curtain is altached {o the carriage).

According to a disclosure, the curtain, the carriage and the other curtain separate a print
zone section from a further section of the three-dimensional printer independently from the

movement of the carriage.

According to a disclosure, according which the curiain and the other curiain are fitted flush
to the carriage, it should be noted that common plane or surface is formed by the curiain,
the other curtain and a boltom side of the carriage / printer head. This common plane or
surface and the print zone define a volume in between, wherein the volums and a size of
the volume remains constant independent from the moving of the carriage along the first

axis.

According to a disclosure, the carriage extends perpendicular to the first axis and/or

wherein the curlain exdends along the carriage.

The above disclosure may also be used in 2D printers to reduce air turbulence and hence
ink aerosol in high-speed printing systems. Thus, according io another disclosure &
(general) printer is provided. The printer comprises means for depositing build material on
a print zone; a printsr carriags which is {o move along a first axis over the print zone and
comprises the means for depositing build material on a print zone or means for treating
the build material, and a curlain atlached to a first side of the printer carriage with a first
side of the curtain and/or configured to move along with the printer carriage such that the
curtain covers at least an area of the print zone, whersin the area varies dependent on the

moving of the printer carriage over the print zone.

Although some aspects have been described in the context of an apparatus, # is clear that

these aspects aiso represent a description of the corresponding method, where a block or

8
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device corresponds {o a fealure of the method. Analogously, aspects described in the
context of a method also represent a description of a corresponding block or item or
feaiure of a corresponding apparatus. Paris of the method or the entire method may be
executed by (or using) a hardware apparaius, for example, a8 microprocessor, a
programmable computer or an electronic circuit. In some disclosures, some one or more

method features may be executed by such an apparatus.

The above described disclosures are merely illustrative for the principles of the present
disclosure. it is understood that modifications and variations of the arrangements and the
details described herein will be apparent to others skilled in the art. it is the intent,
therefore, to be limited by the scope of the impending patent claims and not by the
specific detaiis presented by way of description and explanation of the disclosures herein,
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Claims

1.

o

A three-dimensional printer comprising:

means for depositing build material on a print zone and/or on one or more build

material layers deposited on the print zone;

a printer carriage which is to move along a first axis over the print zone and

comprises means for ireating the bulid malerial; and

a curtain attached to a2 first side of the printer carriage with a first side of the curtain
and/or configured o move along with the printer carriage such that the curtain
covers at least an area of the print zone, wherein the area varies dependent on the
moving of the printer carriage over the print zone,

A three-dimensional printer according to claim 1, further comprising a second
curtain attached with a first side of another curtain to a second side of the printer
carriage and arranged extending over another area of the print zone passed by the

printer carriage.

A three-dimensional printer gccording to claim 1 or claim 2, wherein the curtain is
fixed to & housing of the three-dimensional printer with a second side of the

curtain.

A three-dimensional printer according to one of the previous claims, wherein the
three-dimensional printer comprises a roller to rofling up and unrolling of the
curtain; and/or

wherein the three-dimensional printer comprises a roller {o rolling up and unrolling
of the curtain and wherein the roller is {o perform the rolling up and rolling out of
the curiain along the first axis, wherein the moving of the carriage along the first

axis induces the rolling up and rolling out of the curtain.

A three-dimensional printer according to claim 4, wherein the roller comprises
spring or & mechanism to rolling up the curtain, when the carriage is moved

10
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-4

10.

1.

12.

towards the roller, and rolling out the curtain, when the curtain is pulled by the

cariage.

A three-dimensional printer according to one of the previous claims, wherein the
curtain is arranged in plane within which the carriage is moved, and/or wherein the
curtain covers the area of the print zone, wherein the area varies dependent on the
moving of the carriage.

A three-dimensional prinier according io one of the claims 2 {0 8, wherein the
curtain and the other curiain are fitted flush with a boitom area of the carriage

facing towards the print zons.

A threse-dimensional printer system according to one of the pravious claims,
wherein the means for trealing comprises means for fusing a build material,

A three-dimensional printer according to claim 8, wherein the means for fusing the
build material comprising an outlet for one agent out of a group comprising agents
for fusing the build material, agents for avoiding a fusion of the builld material and

agents for changing & property of the build material; and/or

wherein the means for fusing comprises at least one fusing lamp.

A three-dimensional printer according {o one of the preceding claims, whersin the

curtain comprises a window and/or glass window.

A three-dimensional printer according io claim 10, wherein the three-dimensional
printer system comprises preheater to preheat the build material, wherein the
preheater is arranged within the three-dimensional printer such that the curtain
and/or the window and/or glass window lies between the preheater and the print

Zone.

A three-dimensional printer according to one of the previous claims, whergin the

curtain is formed by a metal layer or a PTFE layer.

11
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13.

14.

15.

A three-dimensional printer comprising:

means for depositing build material on a print zone and/or on one or more build
material layers deposited on the print zone,

a printer carriage which is o move along a first axis over the print zone and
comprises means for treating the build material, and

ane or more curtains attached {o the printer carriage, such that the one or more
curtains and a bottom area of the carriage facing the print zone define a plane;

wherein a volume is enclosed by the one or more curtains, the printer carriage and
the print zone.

A three-dimensional printer according o claim 13, wherein the volume and a size
of the volume remains constant during the movement of the carriage.

A printer comprising:

means for depositing build material on a print zone;

a printer carriage which is to move along a first axis over the print zone and
comprises the means for depositing build material on a print zone or means for
treating the build material, and

a curtain attached {o a first side of the printer carriage with a first side of the curtain
and/or configured to move along with the printer carriage such that the curiain

covers at least an area of the print zone, wherein the area varies dependent on the
moving of the printer carriage over the print zone.

12
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