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FIGURE 1

(57) Abstract: According to one example there is provided a method for three-dimensional printing. The method comprises forming a
pile of build material on a heatable plate adjacent a spreader, heating the pile of build material by contact with the heatable plate, and

spreading the heated pile of build material on a support platform.
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HEATING BUILD MATERIAL

BACKGROUND

[0001] Additive manufacturing technigues, such as three-dimensional (3D)
printing, enable objects to be generated on a layer-by-layer basis. 3D printing
techniques may generate layers of an object by forming successive layers of a
build material on a build or support platform, and selectively solidifying

portions of each layer of the build material.

{0002] The build material may be heated before being emploved to form each

layer on the support platform.

BRIEF DESCRIPTION

00031 Examples will now be described, by way of non-limiting example only,
with reference to the accompanying drawings, in which:

[0004] Figure 1 is a simplified side view illustration of a portion of a 3D printing
system, according to one example;

{0005] Figure 2 is a flow diagram outlining an example method according o
one example;

10006] Figure 3 is a simplified side view illustration of a portion of a 3D printing
system, according to one exampie;

(0007 Figures 4 and 5 are flow diagrams oullining example methods
according to examples disclosed herein; and

10008] Figure © is a simpilified isomeitric illustration of a portion of a 3D printing

system, according to one exampie.

10008 Some 3D printing systems use build material that have a powdered, or
granular, form. According {o one example a suitable build material may be a

powdered semi-crystaliine thermoplastic material. One suitable material may
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be Nylon 12, which is available, for example, from Sigma-Aldrich Co. LLC.

Anocther suitable material may be PA 2200 which is available from Electro
Optical Systems EOS GmbH.

[00010] In other examples other suitable build material may be used. Such
materials may include, for example, powdered metal materials, powdered
plastics materials, powdered composite materials, powdered ceramic
materials, powdered glass materials, powdered resin material, powdered

polymer materials, and the like.

[00011] During a 3D printing operation, an initial layer of build malerial is
spread directly on the surface of a support platform, whereas subsequernt
lavers of build material are formed on a previously formed layer of build
material. Herein, reference o forming a layer of build material on the support
platform may refer {o, depending on the conitext, either forming a layer of build
material directly on the surface of the support platform, or forming a layer of

build material on a previously formed laver of build material.

[00012] In 3D printing systems a dose or pile of build maierial may be formed
along a side of the support platform, (o be spread over the support platform by
a build material spreader. The spreader may comprise a horizontally movable
roller or wiper blade, although in other examples other suitable devices may

be used.

[00013] In order for selected parts of a layer of build material to be sclidified as
designed, the builld material is relatively warm, and the temperaiure of the
build material when it is spread on the support platform may affect the quality
of the manufactured objects. Some 3D printing systems may therefore
comprise heating systems for heating the build material to a temperature

below the build material melting temperature before it is spread.

[00014] Heating of the build material may be done while the material is

transported from a main bulld material store, for example placed underneath
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the support plaiform, to a build material feed tray, from which a measured

amount of build material is then fed to the spreader.

[00015] Various implementations will now be described that provide an
efficient and convenient system for heating the build material {0 be spread
over the support platform, for example for use in the generation of 3D objects

by a 3D printing system.

[00016] Some implementations enable an efficient operation by heating to a
target temperature the amount of build material that is removed from the build
material feed tray 0 be spread to generate one layer, so that the heating
process may be faster. For example, before starting building a 3D object there
may be a warm up time until the feed tray and build material reach a target
temperature. During this warm up time, sacrificial layers of build material may
be formed on the support platform. Some examples disclosed herein may
allow reducing the warm up time, and therefore the number of sacrificial

lavers.

[00017] Some examples also enable reducing the temperature of the build
material in the feed iray, and/or in the transport path from the main store fo
the feed tray, and this reduces the risk of hotspots which may give rise o

defects in the manufactured object,

[00018] Referring now to Figure 1 there is shown an illustration of a portion of
a 3D printing system 100 according t¢ some implemeantations, comprising a
build material supply system 200 for the 3D printing system. For clarity
reasons not all the elements of the 3D printing system 100 are shown. For
example, the illustrations shown herein do not show any specific build material
solidification systems, although any suitable build material solidification
systems may be used, such as fusing agent deposition and heating systems,

binder agent deposition systems, laser sintering systems, and the like.
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[00019] The 3D printing system 100 may comprise a build material feed tray
102, to provide build material 103 to be spread across a support platform 104
by a build material spreader, or build material distributor, 108, which is
horizontally movable along a spread direction shown by arrow 108, The
spreader 106 may be mounted on a suitable carriage or gantry (not shown). In
the exampie shown the build material spreader 106 is a roller, although in
other examples other suitable forms of spreader, such as a wiper blade, may
be used. Build material may be supplied to the feed tray 102 from a main build

material store (not shown in Figure 1),

[00020] The printing system 100 may comprise a build material supply system
200 for supplying build material to the spreader 108, The supply system 200
may comprise a plate 202, to support a pile of build material 203 adjacent the
spreader 108. By the expression adjacent the spreader it is meant a position
which is near the edge of the support platform 104 on which the build material
has to be spread, or near the edge of the highest layer of build material
already spread on the plalform, where the spreader staris its spreading
movement. In other words, a position from where the spreader, in is
movement, encounters and pushes forward the build material in the pile and

passes over it, whereby the material is spread o form a layer.

[00021] In some implementations, the build material supply system 200 may
also comprise a feeder, schematically represented in Figure 1 by arrow 204,
to remove an amount of build material from the feed tray 102 and form the pile
of buiid material 203 on the plate 202, In some exampiles, as disclosed below,
the plate 202 itself may be a part of the feeder 204,

[00022] The pile of build material 203 may be spread by the spreader 106 as a
fayer of build material over the support platform 104, when the spreader 106

moves in the direction of arrow 108.

(000231 In some examples the supply system 200 disclosed herein may

comprise a heating device 206 10 heat the plate 202, such that the pile of build
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material 203 may be heaied by the plate, i.e. by contact with the surface of the
plate 202.

[00024] In some examples the heating device 206 may comprise an electrical
resistor (not shown) to heat the plate 202 by Joule heating, in some examples
it may comprise a magnetic induction device {not shown), and in some
examples it may comprise an ai heating device (not shown) to heat the
interior of the plate 202. Other heating systems may alsc be employed to heat
the plate 202.

[00025] In some implementations the plate 202 i1s made of a material with high
thermal conductivity, which enables the plate to efficiently transmit heat to the
pile of build material. The plate 202 may for example be made of metal for
example of a ferromagnetic metal, which may be heated by magnstic
induction. Other examples of suitable materials may be ceramics, graphite,

graphite-containing plastics, or a combination of materials.

[00026] Figure 2 is a flow diagram outlining an exampile method for 3D printing
according to some implementations disclosed herein, which may be

performed for example in a 3D printing system such as disclosed above.

(000271 In block 510, a method for three-dimensional printing may comprise
forming a pile of build material on a heatable plate, such as heatable plate 202

above, adjacent a spreading device such as spreader 106 of Figure 1.

[00028] In block 520, the pile of build material may be caused or aliowed o
heat by contact with the heatable plate. The heatabie plate may be heated by

a heating device as disclosed above.

[00029] Once the pile of build material has reached a target temperature, or
after a predetermined time has lapsed with the pile of material on the heatable

plate, in block 530 the method may comprise spreading the heated pile of
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build material on a support platform, for example over layers of build material

formed and selectively solidified in previous operations.

[O00301 A target temperature for the build material depends on the material
and the 3D printing system. In some examples, a target temperature may be
below the melling temperature of the build material, for example between
about 140 °C and about 170 °C.

[00031] Referring now to Figure 3 there is shown an illustration of a portion of
a 3D printing system 100 according to some implementations, with some
elements in common with the example of Figure 1. in Figure 3, a main build
material store 110 comprising build material may be placed for example under
the support platform 104, and a feed channel 112 may be provided {o move
build material from the store 402 to a delivery zone 114 of the feed tray 102.
The feed channel 112 may comprise a feed mechanism, such as an auger

screw 116, or any other suitable feed machanism.

[00032] In some examples, the feed tray 102 may comprise a build material
distribution element 118, such as for example a movable mesh-like structure
that is mounted at the botiom of the tray 102 and may be conirolled to
reciprocate, or slide, along the base of the feed tray 102 by a small amount,
for example in the direction perpendicular {0 the plane of the drawing in Figure

3, to help distribute build material within the feed tray 102.

[00033] Figure 3 also shows that the support platform 104 may be movable in
the z-axis, as indicated by arrow 105, 10 enable it to be lowered as gach layer

of build material formed thereon is processed by the 3D printing system 100.

[00034] In examples such as shown in Figure 3 the build material supply
systemn 200 comprises the heatable plate 202 with an associated heating
device 206.
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[00035] In some examples, the plate 202 may be a part of the feeder (which is
generally indicated in Figure 1 by arrow 204). for example, the plate 202 may
be movabie between a position in which it is at least partially inside the build
material feed tray 102, to remove an amount of build material from the feed
tray 102, and the substantially horizontal delivery position, shown in solid line
in Figure 3, in which the pile of builld material is placed adjacent the spreader
1086.

[00036] In some examples, such as shown in Figure 3, the plate 202 may be
rotatable, for example, as shown by arrow 207, about a horizontal axis 205
that is perpendicular to the spreading direction 108, to remove or collect build
material from the feed tray 102. An intermediate position in which the plate
202 is ai least partially inside the build material feed tray 102 is shown in
dotted lines in Figure 3. The plate 202 may be driven by any suitable drive
mechanism (not shown), such as a siepper motor, rack and pinion
arrangement, or the like and may additionally be coupled o a position
determination module (not shown), such as an angular encoder, to enable the

anguiar position of the plate {o be accurately controlled and determinad.

(00037} In other implementations the plate 202 may also be fixed in the
delivery position and fed with build material by a separate feeder, such as

indicated by arrow 204 in Figure 1.

[00038] In some implementations, in the delivery position the upper surface of
the plate 202 is substantially level with a lower spreading plane of the
spreader: for example, in this case it is substantially level with the lower edge
of the roller of spreader 106, such that the spreader travels slightly above the
upper surface of the plate 202 and sweeps or drags substantially all the pile of

build material present on the plate.

[00039] In some implemeniations a build material supply system for a three-
dimensional printing system may also comprise a pre-heating device {o pre-

heat the build material before it is removed from the feed tray 202.
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[00040] According to some examples, and as shown in Figure 3, a pre-heating
device 120 may comprise heaters 121 along the feed channel 112, to pre-heat
the build material while it is transported, or heaters 122 associated with the
feed tray 102, or both. In such cases, the pre-heating device 120 may heat the
build material up o an intermediate temperature, lower than a target
temperature, during is transport along the build material supply path between
the build material store 110 and the feed tray 102. Then, before each layeris
spread by the spreader 106, a relatively small amount of build material, which
forms the pile a build material to be spread, may be heated to the target

temperature by its contact with the heatable plate 202.

(000411 An intermediate temperature at which it may be suitable o pre-heat
the build material depends on the target temperature, on the material and on
the build material supply system. In some examples, for a target temperature
between about 140 °C and about 170 °C, a suitable intermediate temperature
may be between about 110 °C and about 130 °C.

[00042] Figure 4 i3 a flow diagram outlining an exampie method for 3D printing
according 1o some implemeniations disclosed herein, which may be

performed for example in a 3D printing system such as disclosed in Figure 3.

(000431 In block 610, the method may comprise pre-heating build maternial. For
exampie, in a printing system as shown in Figure 3, the build material may be
heated during its transport from the main build material store 110 along the

feed channel 112 and into the feed tray 102

[00044] In block 820, a pile of pre-heated build material may be formed on the
heatable plate 202, and in block 630 the pile of build material may be further
heated by contact with the plate 202, {o reach a target temperature. The
heaiable plate may be heated by a heating device as disclosed above.
[00045]
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[00046] In block 840 the heated pile of build material may be spread on the

previous layer of build material on the support platform.

[00047] Figure 5 is a flow diagram outlining an example method for 3D printing
according to some implementations disclosed herein, which may be
performed for example in a 30D printing system such as disclosed in Figure 1,

or such as disclosed in Figure 3.

[00048] In some implemeantations, the method involves heating the pile of build
material in contact with the heatable plate while a layer of build material that

was previously spread on the support platform is caused {o selectively solidify.

[00049] For example, in block 710 the method may comprise spreading build
material to form a layer, directly on the surface of the support platiorm, oron a

previously formed layer of build material.

[000501 In block 720, the formed layer may be caused to selectively solidify,
employing any suitable build material solidification systems, such as fusing
agent deposition and heating systems, binder agent deposition systems, laser

sintering systems, and the like.

[00051] While the layer formed in block 710 is selectively solidified in block
720, in blocks 730 and 740 a naw pile of build material may be formed on the
heatable plate 202, and heated by contact with the plate. The heatable plate

may be heated by a heating device as disclosed above.

[00052] Once the previous layer is suitably solidified as provided in block 720,
and the new pile of build material on the plate 202 is heated as provided in
block 740, the next layer of build material is formed, by spreading the pile of

build material on the previous layer.

[00053] Figure 6 is a simplified isometric Hlustration of a portion of another 3D

printing system, according to examples disclosed hergin.
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[0005%4] In implementations as illustrated in Figure 6, a pair of feed trays 102a
and 102b may be provided on opposite sides of the support platform 104 in a
spreading direction 108, and each may be provided with a corresponding
distribution element 118a, 118b. In some examples the trays 102a, 102b may
be supplied with build material from a main build material store (not shown)
through corresponding feed channels (not shown), as disclosed for other

implementations.

[00055] A pile of build material may be supplied from each tray, and therefore
piles of build materials may be formed at opposite ends of the support
platform 104, on respective plates 202a and 202b. Two corresponding heating
devices 206a and 206b may be provided 1o heat the plates 202a and 202b.

[00056] According to some implementations, the plates 202a and 202b may be
movable, for example rotatable about corresponding axes 205a, 205b, or in
any other way. However, other implementations of the 3D printing system and
of the build matenal supply systems 200a, 200b are possible, as disclosed in

the case of Figures 1 and 3.

[00057] Implementations of a 3D printing system such as shown in Figure 6
may be operated in a bi-directional manner. By bi-directional is meant that
layers of buiid material may be formed on the support platform 104 by the
build material spreader 108 using builld material from either of the build
material supply systems 200a and 200b. Such a 3D printing system may also
be able io selectively solidify portions of a formed layer of build material whilst
operating in either direction, and whilst the piles of bulld material on plates
202a, 202b are being heated.

[00058] In one example the support platform 104 may be part of a removable
build module that may be insertable into the 3D printing system. Accordingly,
reference herein to a support platform will be understood to generally refer o

when such a build module is inserted into the 3D printing system.
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[00059] Three-dimensional printing systems as discioses herein may comprise
a controller 300, shown in greater detaill in Figure 7. The controller 300 may
comprise a processor 302 coupled to a memory 304, The memory 304 stores
build material supply management instructions 306 that, when executed by
the processor 302, conirol the operation of the 3D printing system and the

build matenal supply system as disclosed in the above examplas.

000601 For example, controller 300 {see Figures 1, 2 and 8} may control the
heating devices 200, 206a, 206b to heat the plate and the pile of build
material supported on the plate, and may control the feeder 204 (Figure 1)
and/or the movement of the plates 202, 202a, 202b (Figures 1, 3, 86) {0

remove build material from the feed trays 102, 102a, 102b.

[00061] It will be appreciated that examples described herein can be realized
in the form of hardware, software or a combination of hardware and software.
Any such software may be stored in the form of volatile or non-volatile storage
such as, for example, a storage device like a ROM, whether erasable or
rewritable or not, or in the form of memory such as, for example, RAM,
memory chips, device or integrated circuits or on an optically or magnetically
readable medium such as, for example, a CD, DVD, magnetic disk or
magnetic tape. it will be appreciated that the storage devices and storage
media are examples of machine-readable storage that are suitable for storing
a program or programs that, when executed, implement examples described
herein. Accordingly, some examples provide a program comprising code for
implementing a system or method as claimed in any preceding claim and a
machine readable storage storing such a program. Still further, some
examples may be conveyed electronically via any medium such as a

communication signal carried over a wired or wireless connection.

[00062] All of the features disclosed in this specification (including any
accompanying claims, abstract and drawings), and/or all of the steps of any

method or process so disclosed, may be combined in any combination, except
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combinations where at least some of such features and/or steps are mutually

exclusive.

(00063 Each feature disclosed in this  specification {including any
accompanying claims, abstract and drawings), may be replaced by allernative
features serving the same, equivalent or similar purpose, unless expressly
stated otherwise. Thus, unless expressly stated otherwise, each feature
disclosed is one example only of a generic series of equivalent or similar
features.
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CLAIMS

1. A build material supply system for a three-dimensional printing system,
CoOMprising:

- a feeder {0 remove an amourt of build material from a feed tray and form a
pile of build material to be spread by a spreader,

- a plate to support the pile of build material adjacent the spreader, and

- & heating device to heat the plale and heat the pile of build material by

contact with the plate.

2. A build material supply system as claimed in claim 1, wherein the plate is
movable to remove an amount of build material from the feed tray, and to
adopt a substantially horizontal delivery position in which the pile of build

material is placed adjacent the spreader.

3. A build material supply system as claimed in claim 2, wherein in the
delivery position the upper surface of the plate is subsiantially level with a

lower spreading plane of the spreader.

4. A build material supply system as claimed in claim 2, wherein the plate is

rotatable about a horizontal axis that is perpendicular {0 a spreading direction.

5. A build material supply system as claimead in claim 1, whearein the heating
device comprises at least one of an electrical resistor, a magnetic induction

device or an air heating device.

6. A build material supply system as claimed in claim 1, wherein the plate is

made of material with high thermal conductivity.

7. A build material supply system as claimed in claim 1, further comprising a
ore-heating device to pre-heat the build material before it is removed by the

feeder from the feed tray.
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8. A three-dimensional printing sysitem comprising:

- a spreader to spread successive layers of build material on a support
platform,

- a movable plate 1o support a pile of build material to be spread by the
spreader, and

- & heating device {0 heat the plate.

9. A three~-dimensional printing system as claimed in claim 8, comprising a
controlier to control the movement of the plate to remove build material from a
feed tray and deliver a pile of build material adiacent the spreader, and o
control the heating device 1o heat the plate and the pile of build material

supported on the plate.

10. A three-dimensional printing system as claimed in claim 8, comprising a
build material store and a build material supply path to supply builld material
from the build material store to a feed tray in which the plate is movable, and a
ore-heating device to pre-heat the build material in the build material supply

path.

11. A three-dimensional priniing system as claimed in claim 8, comprising two
movable plates, at opposite ends of the support platform in a spreading

direction, and two corresponding heating devices.

12. A method for three-dimensional printing, comprising:
- forming a pile of build material on a heatable plate adjacent a spreader,
- heating the pile of build material by contact with the heatable plate, and

- spreading the heated pile of build material on a support platform.

13. A method as claimed in claim 12, wherein the pile of build matenal is
formed on the heatable plate by moving the plate betweaen a position in which
it is at least partially inside a build material feed tray, and a delivery position in

which it is adjacent the spreader.
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14. A method as claimed in claim 12, wherein the pile of build material is
heated by contact with the heaatable plate while a layer of build material

previously spread on the support platform is caused {0 selectively solidify.

15. A methoed as claimed in claim 12, comprising pre-heating the build

material before forming the pile of build material on the heatable plate.



WO 2018/017117 PCT/US2016/043522

1/4

FIGURE 1

FIGURE 2




PCT/US2016/043522

WO 2018/017117

2/4

Wivw e e e v

120

——

4
o

e

» PP 4
'

|/
|

|

]
M
&

FIGURE 3




PCT/US2016/043522

WO 2018/017117

D MATERIAL

[
o
L
o
4%
o

RN NEXT LAYER 8P
PILE CGF BUILD MATERIA

f

FIGURE 5

b 300

200a

2000

FIGURE 6



WO 2018/017117

4/4

PROLESER

RAERMIRY

BUILD MATERIAL
SUPPLY
RAANAGERIENT

N
NG TR

S
NS

Lo8
-]
8]

Lo8
3
€55

PCT/US2016/043522



INTERNATIONAL SEARCH REPORT

International application No.

PCT/US 2016/043522

A CLASSIFICATION OF SUBJECT MATTER

B29C 64/321 (2017.01)
B29C 64/141 (2017.01)
B29C 64/295 (2017.01)
B29C 64/393 (2017.01)
B33Y 10/00 (2015.01)
B33Y 30/00 (2015.01)

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

B29C 64/321, 64/141, 64/393, 64/295, 67/00, 41/08, B22F 3/105, B30B 15/02, B41F 17/00, B33Y 10/00, 30/00

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EAPATIS, Patentscope, PatSearch (RUPTO internal), Esp@cenet, RUPAT, USPTO, DEPATISnet, Yandex

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
US 2016/0176118 A1 (AREVO INC.) 23.06.2016,

Y claims 1, 5, 6, 10, fig. 1, 2, paragraphs [0002], [002§] 1,3,5-7,12, 14, 15

A 2,4,8-11, 13

Y US 2001/0045678 A1 (MINOLTA CO., LTD.) 29.11.2001, fig. 1, 9, 15, paragraph 1,3,5-7,12, 14, 15
[0094]

Y RU 2469860 C2 (EOS GMBH ELECTRO OPTICAL SYSTEMS) 20.12.2012, p. 6, 5
lines 18-24, fig. 2

D Further documents are listed in the continuation of Box C.

D See patent family annex.

* Special categories of cited documents:

“A”  document defining the general state of the art which is not considered
to be of particular relevance

“E”  earlier document but published on or after the international filing date

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other

special reason (as specified)

“Q” document referring to an oral disclosure, use, exhibition or other
means
“P”  document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X”  document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y”  document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&”  document member of the same patent family

Date of the actual completion of the international search

03 February 2017 (03.02.2017)

Date of mailing of the international search report

11 May 2017 (11.05.2017)

Name and mailing address of the [SA/RU:

Federal Institute of Industrial Property,
Berezhkovskaya nab., 30-1, Moscow, G-59,

GSP-3, Russia, 125993

Facsimile No: (8-495) 531-63-18, (8-499) 243-33-37

Authorized officer
A. Brazhnikova

Telephone No. (495)531-64-81

Form PCT/ISA/210 (second sheet) (January 2015)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - wo-search-report

