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METHOD OF MANUFACTURING A CONTAINER

BACKGROUND

{00011 Certain printing systems make use of a printing material during a
printing process. For example, a two-dimensional printing system may use a
container to store foner and a three-dimensional printing system may use a
container o store a buiid material. in both cases, the printing material is conveyed
from the confainer to the printing system to allow printing. In a two-dimensional
printing system, the toner may be used for image formaiion on a print medium,
such as a sheet of paper in a three-dimensional printing system, the build
material may be used 1o form a three-dimensional object, such as by fusing
particles of build material in layers, whereby the object is generated on a layer-

by-layer basis.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] Various example features will be apparent from the detailed
description which follows, taken in conjunction with the accompanying drawings,
wherein:

{06003} Figure 1 is a schematic illustration showing a number of views of an
example container;

[0004] Figure 2 is a schematic illustration showing a container in use within
a printing system according to an example;

[0008] Figure 3 is a schematic illustration showing a number of stages that

are involved when inserting a container info a supply station;
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[0006}] Figure 4 is a schematic lustration showing rotation of a container
in two opposing directions according to an example;

{0007} Figure 5 is a schemalic illusiration showing views of an example
supply station comprising hoppers;

[{0008] Figure 6 is a flow chart showing a method for conveying printing
material according to an example;

[0009] Figures 7A to 7E are schematic diagrams showing example aspects
of a channel structure and a valve structure for a container,

{06810} Figure 8 is a flow chart showing & method for conveying printing
material according to an example;

{0011} Figures 9A to 8k are schematic diagrams showing configurations of
a channel structure for an example container,

{00121 Figure 9F to 9G are schematic diagrams showing an example cap
configuration for a confainer,

{0013} Figure 10 is a flow chart showing a method of sealing a container
according to an example;

[0014] Figure 11 is a schematic diagram showing two views of an example
container formed from two independent portions;

[0018] Figures 12A to 12F are schematic diagrams showing aspecis of a
material-guiding structure according to examples;

{0016} Figure 13 is a flow chart showing a method for conveying printing
material according to an example;

{0017} Figure 14 is a schematic diagram showing an external view of an
example container;

{0018} Figure 15 is g schematic diagram showing a mold for manufacturing
the example container of Figure 14;

{00191 Figures 16A-C are schematic diagrams showing views of an
example container having a handle and a planar portion,

{0020} Figure 17 is a schematic diagram showing a mold for manufacturing
the example container of Figures 18A-C;

[0021] Figures 18A and 18B are schematic diagrams showing a raised
planar portion in an example container;
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{0022} Figure 19 is a schematic diagram showing a mold for
manufacturing the example container of Figures 18A-B;

{0023} Figures 20A and 208 are flow charts showing example methods of
conveying a printing materiai;

{00247 Figures 21A 1o 21D are schematic diagrams illustrating a process
of joining portions of a container according to an example;

{0025} Figure 22 is a flow chart showing a method of manufacturing a
container according to an example; and

{0026} Figure 23 is an exploded view of a further example container.

DETAILED DESCRIPTION

(00271 Certain examples described herein relate {o a container to store
printing material for use in a printing system. Example comntainers as described
herein may be used {0 supply a printing material to two-dimensional printing
systems, .¢. as developer or toner particles, or to supply a build material to three-
dimensional printing systems. The printing material may be a powder or powder-
like matenal.

{0028 Certain examples described herein provide a rotatable container
with components to allow efficient conveyance of printing material to a printing
system. By using a rotatable container, space may be more efficiently used within
a printing system, for example the coniainer may be horizontally aligned as
compared to gravity feed supply systems that may require a long vertical hopper.
{00291 Certain examples described herein provide materal-conveying
and/or material-quiding structures that allow printing material to be dispensed
from and/or refilled 1o a container at a conirolied rate. For example, materiai-
conveying and/or material-guiding structures as described herein may enable
printing material to be supplied 1o a printing system from a container at a rate that
depends on a rotational speed of the container.

[00307 Certain examples described herein provide a container with
components to enable rotation in two opposing directions, e.q. clockwise and anti-
clockwise. Rotation in a first of the two directions may allow for supply of printing
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material from the container to the printing system, whereas rotation in a second
of the two directions may allow for filling of the container with printing material
from the printing system.

(0031} For example, ceriain printing processes may result in an
accumulation of used printing material in the printing system. In a three-
dimensional printing system this may comprise non-solidified, or unfused, build
material that is removed from around a printed three-dimensional object. In a two-
dimensional printing system, this may comprise {oner that does o contribute to
an image that is cleaned from & photoconductive surface during print. it may be
useful {0 remove this excess used material from the printing system in a clean
and tidy way. This may be achieved using certain example containers as
described herein. In one case, excess printing material may be loaded back into
a container by feeding material 0 a material-conveying member arranged within
an opening of the coniainer while the container is rotating in a second “fill” or
“intake” direction. i it is desired o increase a rate of excess powder removal, a
rate of rotation may be increased. Al a predefined rate, rotation cause compaction
of the printing material and may thus increase the capacity of the container. If it
is desired to remove printing material from the printing system for reuse at a laler
time, the container can be filled 10 a normal level by rotating at a slower rate. In
other examples, the container may be configured such that rotation in one of the
two directions conveys printing material whereas rotation in the other of the two
directions does not convey printing material, e.¢. the container may be configured
o be filled with but not supply printing material.

{00321 Certain examples described herein provide a coniainer that may be
cheaply and efficiently manufactured. The coniainer aliows prinfing maiterial {0 be
easily delivered to a printing system, and certain components described herein
aliow for easy storage and handling. To reduce and/or reverse possible effects of
consoclidation, compaction and segregation during delivery, the container may be
rotated in the second “fill” or “intake” direction o re-aerate and re-mix {.e.
‘refresh™ the printing material. *"Mbing” in this sense relates to mixing of the
printing material within the container, e.q. either with itself or with air. This enables
printing materal to be supplied to the printing system with expected and/or
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original properties and flow behaviors. For example, following shipping and after
installation, a container may be quickly “refreshed” via a short rotation in a
direction opposite 10 a direction for supply of the printing material. in certain
cases, e.g. during filling of the container, a volume of air may be provided in the
container to allow later refresh by tumbling.

[0033] Figure 1 shows muiltiple views of a container for printing material
according to an example. The views show schematically certain aspects of an
example container to provide a context to the following examples. it should be
noted that an actual container configuration may vary in certain aspects from that
shown in Figure 1. For example, shapes of certain aspecis and/or relative
dimensions may vary according (o implementations. A first view 101 shows a top
of the container 100. A second view 102 shows a side cross section of the
container 100. A third view 103 shows a bottom of the container 100. A fourth
view 104 shows an external side of the container 100.

(0034} The container of Figure 1 comprises a hollow chamber 110 formed
by an inner wall 120. The chamber 110 has an open end 130 and a closed end
140. The open end 130 has an opening 135 through which printing material may
be conveyed to and/or from the chamber 110. The opening 135 is formed within
a channe! structure 150 that surrounds the opening 135. The channel structure
150 is a portion of the open end 130 in which the opening 135 is formed. The
closed end 140 prevents printing material from escaping the chamber 110. The
inner wall 120, open end 130, closed end 140 and channel structure 150 may be
formed from a single component or may be formed by a number of joined
independent components. For exampie, in one case, the container 100 may
comprise a single molded article. In another case, the container 100 may
comprise a molded chamber and a molded upper portion that are joined together,
2.g. by welding. In yet ancther case, the container 100 may comprise a molded
chamber and separate upper and lower portions that are joined together. in the
latter two cases, the channel structure 150 may form part of an upper portion that
is joined to a molded chamber.

[0038] The container 100 of Figure 1 has a generally cylindrical form. For
example, this may be seen in the first and third views 101, 103, where the
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container 100 has a circular cross-section. The cross-section of an
implementation may vary from a precise circle, 8.¢g. may be generally curved but
with projections and indentations. In the second and fourth views 102, 104 it may
be seen how, in this example, the container 100 is an elongaie cylinder that
extends along an axis 155. By way of these features the container 100 is
rotatable, e.g. about axis 155. The container 100 may be defined with a diameter
D and a length L. In certain implementations, D may be in a range of 150 {0 200
rran and Lomay be in a range of 400 to 500 mm. In other examples the container
100 may be provided in a variety of dimensions. In other examples, the container
100 may comprise a different shape and/or cross-section yet still be rotatable
about a central axis. Additionally, as described with reference to certain examples
later below, the cross section of the container 100 may not be a perfect circle, but
may comprise indentations and/or projections. In Figure 1, the opening 135is co-
axial with the chamber 110, i.e. the center of the opening 135 and the center of
the chamber 110 both lie upon the axis 155.

[0036] The container 100 of Figure 1 alsc has an outer wall 180. The inner
wall 120 and the outer wall 160 are respectively inner and outer surfaces of a side
wall of the container 100. In other exampies, the inner wall 120 and the outer wall
160 may form separate walls of the container 100, e.g. the comntainer 100 may
comprise a gap or cavily between the inner and outer walls 120, 180. The
container 100 may be rotated in use. In one case, the container 100 may be
mounted within a rotatable mounting, such as a cage or the like. By rotating the
cage, the container 100 is rotated. In other cases, the coniainer 100 may be
rotated by applving a force {o the outer wall 180, e.q. via one or more rollers
mounied around the outer wall 180. In one case, one or more of the open end
130 and the closed end 140 may comprise mounting portions for mounting the
container 100 within a material supply station.

[0037} Figure 2 shows a printing system 200 according to an exampie,
wherein the printing system 200 is adapted {0 use the container 100 of Figure 1.
The printing system 200 comprises a chassis 210 that encloses a material supply
station 220 and a printing station 230. In other examples, the material supply
station 220 and/or container 100 may be located in a different chassis to the

8



WO 2019/070264 PCT/US2017/055263

printing station 230. in use, the malerial supply station 220 supplies printing
material to the printing station 230. In certain cases, the printing station 230 may
also supply excess or used printing material back to the material supply station
220 (or a separate reuse station having similar functionality). In certain cases,
printing material may be supplied from the printing system 200 ¢ the container
100 before it is sent to the printing station 230, e.g. unused printing material may
he supplied to the container 100 from internal storage to swap a printing material
type, .9. to change colors or builld material type.

[0038] if the printing system 200 comprises a two-dimensional printing
system, the printing siation 230 may comprise an image forming unit including a
photoconductor drum, a developer unit and a cleaning unit. The developer unit
may deposit toner material supplied from the material supply station 220 onto the
photoconductive drum following charging and image exposure, i.e. “develcp a
toner image”. The toner image may be transferred to a print medium, such as
paper, t0 form a printed oulput. Excess toner may be removed from the
photoconductor drum by the cleaning unit.

[0039] if the printing system 200 comprises a three-dimensional printing
sysiem, the printing station 230 may comprise a material feed unit, a platen and
a selective solidification unit. The material feed unit may receive build material
from the maiterial supply station 220 {0 create layers of build material upon the
platen. The solidification unit may then aci to selectively solidify portions of each
layer of build material. The platen may be moved vertically to enable successive
layers of build material to be formed. By repeating this process three-dimensional
objects of almost any shape may be generated from a digital three-dimensional
model.

(00403 If the printing system 200 comprises a three-dimensional printing
system, the printing station 230 may implemeni an additive manufacturing
process. In these processes, three-dimensional objects are generated on a laver-
by-layer basis under computer control. The printing station 230 may implement
one or more of additive manufacturing technologies to form a three-dimensional

object from supplied powdered build material. Such technigues include, for
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example, selectively melting semi-crystalline thermoplastic powdered build
materials, and/or selective electron-beam melling of metal powder build material.
0041} in some three-dimensional printing system examples, solidification
of a build material is enabled using a Hquid binding agent, such as an adhesive.
This liquid agent may be applied using a moveable print head located above the
platen referenced above. In cerfain examples, solidification may be enabled by
temporary application of energy to the build material, for example using a focused
laser beam. In certain examples, liguid fusing agents are applied to build material,
wherein a fusing agent is a material that, when a suitable amount of energy is
applied 0 a combination of build material and fuse agent, causes the build
material to heat up, to mell, fuse and solidify. Other agents may aiso be used,
2.g. agents that inhibit or modify a level of fusing when sslectively deposited in
cerfain areas. Fusing of build material may be performed using thermal or non-
thermal methods. Non-thermal fusing technigues may include technigues such
as binder jetting. A liquid agent may be applied using a thermal or piezoelectric
printhead.

[0042] The printing system 200 may receive a definition of an image or
object to be printed in digital form. In a iwo-dimensional case, the image may be
decomposed into multiple color separations for printing. In this case, the material
supply station 220 may comprise toner of different colors from different containers
100. There may be a common material supply station or different material supply
stations for each color. In a three-dimensional case, a digital representation may
be virtually sliced into slices by computer software or may be provided in pre-
sliced format. Each slice represents a cross-section of the desired object.

0043} in the example of Figure 2, the container 100 is mounted
horizontally, i.e. wherein the axis 155 is substantially perpendicular to a
gravitational axis (2.g. the vertical). in other cases, the container 100 may be
mounted at an angle to the horizontal, e.g. at an angle of up to 20-30 degrees.
To supply printing material to the printing station 230, the material supply station
220 is arranged to rotate the container 100, This is explained in more detail with

regard to Figures 3, 4 and 5 below.
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(0044} Figure 3 shows schematically a number of stages in a process of
coupling a container 100 to a material supply station 220. A first stage 301 shows
a first point in time where a container is not mounted within the material supply
station 220. A second stage 302 shows a second point in time where a container
is inserted into the material supply station 220. A third stage 3032 shows a third
point in time where a container 100 is present within the material supply station
220. For each stage, a schematic side cross section of the material supply station
220 is shown. Certain features of the container 100 and the material supply
station 220 have been omitted in sach stage to clearly show the process of
insertion. Forthe first and third stages 301, 308, a front view of the material supply
station 220 is also shown on the right hand side. Views 302 and 303 show a
schematic cross section of the container 100.

[0045] in the example of Figure 3, the material supply station 220
comprises a mounting, or receiving interface, 310 and an intake 320. The intake
320 may be seen as a compoenent of the printing system that couples 1o the
container 100. The mounting 310 comprises an elongale passageway or cage
that is configured to receive the container 100, The mounting 310 may comprise
closed and/or open seclions, e.¢g. may comprise an elongaie tube with a
continuous inner surface and/or discrete supporting members located around a
volume of space where the container 100 is to be located {e.g. as pera cage). in
oneg case, the mouniing 310 may comprise a guide surface along which a
corresponding outer surface of the container 100 (2.g. at least a portion of ouler
wall 160) may be guided during insertion. This guide surface may be locsated at a
base of the mounting 310Q. In ceriain examples, the mounting 310 may comprise
retractable members, wherein the members are refracted during insertion of a
container and are exiended 1o grip a container when the containeris in place. The
mounting 310 may be configured to fully receive the container 100 within the
material supply station 220 and/or chassis 210, or may be configured such that
an end of the container 100 projects out from the material supply station 220
and/or chassis 210. Although not shown, the material supply station 220 and/or
chassis 210 may comprise a door that is opened {0 reveal the mounting 310 and

that is closed during normal operation {e.g. with or without an inserted container
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100). In one case, the mounting 310 may be rotated {0 rotate the container 100,
e.¢g. if the mounting comprises a cage that receives the container 100 the cage
may be rotated {0 rotate the container 100

(0046} The intake 320 as shown in Figure 3 comprises one or more
componentis to receive the channel structure 150 of the container 100 and thus
to allow printing material to be supplied {0 or extracted from the container via the
opening 135, The intake 320 may comprise one or more bearings, e.¢. in an
annular member that receives the channel struciure 160. The intake 320 may also
comprise a mechanical coupling that attaches {o the container 100 {o retain the
container 100 in place. The mechanical coupling may attach {o the channel
structure 150 and/or outer wall 160, andfor a component of the container 100 as
described in more detail later below.

[0047] The second stage 302 shows thai the confainer 100 is aligned
horizontally with the mounting 310, with the opening 135 facing the intake 320.
The container 100 is then pushed into the mounting 310 from the front of the
material supply station 220. The container 100 may be inssried by applying a
force to the closed end 140 of the container 100. The coniainer 100 may be
inserted manually, via a robot actuator and/or via a container transport system.
The container 100 is inserted until the open end 130 of the container 100 reaches
the intake 320. Atthis point, the channei structure 150 may form a sealed coupling
with the intake 320. This is shown in the third stage 303.

(0048} The third stage 303 shows the container 100 in place within the
mounting 310. The channel structure 150 is accommodated within the intake 320.
In one example, the intake 320 may be configured {0 unseal the container 100,
€.g. via translation of a valve structure as described in more detail below. Once
the container 100 is in place printing material may be exiracted from the container
100, and/or printing material may be supplied to the container 100, through the
opening 135 and the intake 320. For example, the infake 320 may be coupled to
a feed system that provides printing material 1o the printing station 230. This
process may be direct or indirect, e.¢. printing material may be directly conveyed
io and/or from the printing station 230, or may be conveyed fo and/or from

intermediate storage components within the printing system 200. The feed
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systermn may comprise one or more tubes, filters, pumps, blowers, separators
and/or hoppers. The Teed system may apply a pressure differential {o facilitate
powder extraction and/or to transport printing material within the printing system.
(0049} Figure 3 shows one example method of coupling a container 100 to
a material supply station 220. Other methods and structures are possible. For
example: the container 100 may be installed at an angle to the horizontal or
vertically; the material supply station 220 may provide an opening from above, a
side or below instead of at the front, and/or the container 100 may be rolled or
shid into place.

[0050] Figure 4 shows how printing material may be conveyed io and/or
from an installed container 100 via rotation of the container 100, In this example,
the container 100 is configured such that rotation of the container 100 in a first
direction conveys the printing material to the intake 320 and roiation of the
rotatable chamber in a second direction conveys the printing material away from
the intake 320. In particular, by rotating the rotatable chamber 110 of the container
100, printing material may be supplied o and/or from the printing system 200 so
as 1o respectively deplete and/or at least partially fill the volume of the chamber
110.

(0051} in a first stage 401 in Figure 4, the container 100 is rotated in a first
direction 410. The rotation may be applied by the material supply station 220 or
by an external agent. In the former case, a cage that holds the container 100 may
be rotated. Allernatively, in other exampies, roliers positioned around the
container 100 may apply a force to the outer wall 160 o rotate the container 100
within the mounting 310. In the laiter case, a handle or grip may be provided at
the closed end 140 of the container 100 to ailow the container 100 to be rotated
by a human or robot agent. In the first stage of Figure 4, rotation is clockwise.
However, depending on the container implementation, the direction may be
counter-clockwise in other exampiles. The left hand side view of the first stage
401 shows printing material being supplied o the material supply station 226 from
the container 100 during the rotation. Printing material may then be distributed to

other components of the printing system 200 from the material supply station 220.
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in the first stage 401, printing material is depleted within the container 100 during
rotation.

(0052} in a second stage 402 in Figure 4, the container 100 isrotated in a
second direction 420. Again, the rotation may be applied by the material supply
station 220 or by an external agent. In the second stage of Figure 4, rotation is
counter-clockwise {or anti-clockwise). However, depending on the container
implementation, the direction may be clockwise in other examples (e the
directions of the first and second stage may be reversed). The left hand side view
of the second stage 402 shows printing material being supplied from the material
supply station 220 {0 the container 100 during the rotation. In the second stage
402, the container 100 is filled with printing material.

(0053} n certain cases, the container 100 may be configured such that
each complete rotation of the cylinder in the first direction conveys a predefined
quantity of printing material to the material supply station 220. For exampie, this
may be achieved by providing and configuring & material-conveying member
and/or a material-guiding structure as described in more detail later below.
[0054] Figure 5 shows a variation of the example of Figures 3 and 4. Two
views are shown: a schematic side cross section 501 and a schematic front cross
section 502. In this variation two containers 505 and 510 are mountable within a
print supply station 520 (based on material supply station 220). For example, the
first container 505 may provide unused or “virgin® powdered material and the
second container 510 may be used to collect or provide used powdered material.
For example, in certain cases the second container 510 may provide used printing
material if sufficient used printing material cannot be provided by the printing
system iiself (e.g. due {0 a print run just starting or the size or guality of obhiects
that are being produced). Used printing material may also be supplied while
swiiching from one printing material {0 another. As such, during a printing
process, printing material 515 may be supplied to a printing station such as 220
by rotating the first container 505 in a first direction and used printing material
resulting from the printing process may be supplied to the second container 510
by rotating the second container 510 in a second direction. it will be understood
that this approach may be exiended o more than two containers and thaf the
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directions, and supplyfill configuration, may vary according to the
implementation.

[0055] Figure 5 also shows the use of two intermediate hoppers 540, 550
for printing material. These may be used as buffers within the printing system
200. For example, a first intermediate hopper 540 may receive printing material
545 from the first container 505. The printing material 545 may then be supplied
to the printing station 230 from the first intermediate hopper 540. The second
intermediate hopper 550 may then receive printing material from the printing
station 230. This printing material may be temporarily stored before being used
o fill the second container 510 and/or to generate print outpul. Each intermediate
hopper 540, 550 may be coupled {0 a corresponding intake within the material
supply station 520, for example by a feed system comprising components as
referenced above.

[0056] Figure 6 shows an example method 600 for conveying printing
material to or from a container, &.¢. to or from a component of a printing system.
For example, this method may be applied to printing system 200 or ancther
different printing system. The component of the printing system may comprise a
material supply station such as material supply station 220, 520 or the like. At
block 610, a container (such as container 100) is rolated in a first direction {o
convey printing material from an interior of the container, e.g. towards the
component of the three-dimensional printing system relative to the interior of the
container. For example, this is shown in the first stage 401 of Figure 4. At block
820, the comntainer is rotated in a second direction {o convey printing material into
the interior of the container, e.q. away from the component of the printing system
relative 1o the interior of the container. For example, this is shown in the second
stage 402 of Figure 4. The first and second directions may be clockwise and
counter-clockwise or vice versa. Rotation in either direction may be applied
independently in certain examples, 2.¢. a container may be emptied but not
refilied or filled but not emptied. For example, emply containers or container that
are filled with usad printing material may be recycled.

[0057] In one case, a complete rotation of the cylinder in the first direction

conveys a predefined quantity of printing material to the printing system. This may

13



WO 2019/070264 PCT/US2017/055263

be referred 10 as a “dose” of printing material. This may be achieved when the
container contains atleast a predafined quantity of printing material. As described
elsewhere the printing material may comprise a powder, e.g. be a powdered
material.

[0058] it one case, block 810 may be performed for a predetermined time
interval io supply a predefined quantity of printing material to the printing system.
This may be provided directly to a printing station or stored temporarily in an
intermediate hopper. In this case, rotating the container in the second direction
may be performed at one or more intervals during rotation of the container in the
first direction to mix the printing material during supply of the printing material io
the printing system. In this case, "mixing” is performed in relation 1o the printing
material within the container, as oppesed to a mixing of different printing
materiais. This may be seen as “self’ mixing, e.¢. changing a configuration of
material particles, and/or mixing with air within the container. For example, a first
quantity of printing material may be supplied by rotating the container in the first
direction. Once the first quantity has been supplied, rotation of the container in
the first direction may cease, and rotation of the container in the second direction
may be staried to mix or “refresh” the printing material in the container. The
rotation in the second direction may be performed for a different length of ime as
compared to the rotation in the first direclion. For exampie, the rotation in the
second direction may be performed for a shorter fime period. The rotation in the
second direction may alsc be performed at a different rate of rotation {o the
rotation in the first direction. For example, the rotation in the second direction may
be faster. For a container with a diameter of between 150 and 200mm and a
length of between 400 and 500mm, a rate of rotafion may be up o 2Hz. The
container may then be again rotated in the first direction to deliver newly refreshed
printing material to the channel structure, and thus o the printing system via an
intake, at a rate that depends on the rotational speed. In one case, the container
may be rotated in the second direction when the container is first installed, i.e.
before rotation in the first direction. This may enable printing material to be

‘refreshed” following shipping, storage and handling.
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(0059 Rotation in the second direction may also be performed after an
image or object has been printed, e.g. to supply unused printing material back
into the container. For supply of printing material to the container, a rate of the
rotation in the second direction may be configured to provide a flow rate of 5 g/s
into the container.

{00607 in the above case, rotating the container in the second direction may
comprise rotating the container at a predefined rate {o compact a powdered
printing material within the container during filling of the container. For the
example dimensions above, a predefined rate greater or equal to 2 Hz generates
centrifuging motion that compacits printing material within the container. This rate
may be applied for arcund 10 minutes o provide compaction. Compaction may
be controlled by controlling a rate of rotation and a time of rotation. For example,
a smaller centrifugal force applied for 3 longer time may have an equivalent effect
to a larger centrifugal force applied for a shorter time. Compaction of printing
material may increase a capacity of the container, i.e. reduce the volume of a
given quantity of powdered material within the container to allow more powder to
be stored as compared to an uncompacied case. Compaction may not be desired
if the printing material is {o be supplied again from the container (e.q. via rotation
in the first direction). In certain cases, compaction may be reversed by varying
the rotation parameters. in the present example, rotation at 1.2Hz provides
cascading motion of printing material within the container and rotation at 1.5Hz
provides cataracting motion. These forms of motion may reverse the effects of
compaction by mixing the printing material.

[0061] in one case, the component of the printing system comprises a
material supply sysiem and the method comprises, prior {o rotating the container
it the first direction: inserting the container into the material supply system; and
coupling an opening of the container to an intake of the material supply system.
This, for exampie, is shown in Figure 3. As shown in this Figure, the container
may be aligned horizontally within the material supply system. In one case,
coupling the opening of the container {o the intake of the material supply system
comprises translating a valve structure within the opening to unseal the container.

This may aiso be performed independently of any coupling to unseal the
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container. The valve structure may be an auger valve. This is described in more
detall in later examples.

[0062] Example properties of the printing material will now be briefly
discussed. The printing material may be a dry, or substantially dry, powder or
powder-like material. In other examples, the printing material may comprise a
liguid-type build material such as a viscous liquid, pasie, or gel. In a three-
dimensional printing example, a printing material may have an average volume-
based cross-sectional particle diameter size of between any one of the following:
approximately 5 and approximately 400 microns, between approximately 10 and
approximately 200 microns, between approximately 15 and approximately 120
microns or between approximately 20 and approximately 70 microns. Cther
examples of suitable, average volume-based particle diameter ranges include
approximately & {o approximately 70 microns, or approximately 5 fo
approximately 35 microns. A volume-based particle size is the size of a sphere
that has the same volume as the printing particle. With "average” it is intended {0
explain that most of the volume-based particle sizes in the container are of the
mentioned size or size range but that the container may also contain particles of
diameters cutside of the mentioned range. For example, the pariicle sizes may
be chosen fo facilitate distributing printing material layers having thicknesses of
between approximately 10 and approximaiely 500 microns, or between
approximately 10 and approximately 200 microns, or between approximately 15
and approximately 150 microns. One example of an additive manufacturing
system may be pre-set {o form powdered material layers of approximately 80
microns using build material containers that contain powder having average
volume-based particle diameters of between approximately 40 and approximately
60 microns. An additive manufacturing apparatus may also be configured or
controlied to form powder layers having different layer thicknesses.

{0063} in a three-dimensional printing (i.e. additive manufacturing) case, a
printing material for use in example containers described herein may include at
least one of polymers, crystalline plastics, semi-crystalline plastics, polyethylene
(PE), polylactic acid (PLA), acrylonitrile butadiene styrene (ABS), amorphous
plastics, Polyvinyl Alcohol Plastic (PVA), Polyamide, thermo(setting) plastics,
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resing, transparent powders, colored powders, metal powder, ceramics powder
such as for example, glass particles, and/or a combination of at least two of these
or other materials, wherein such combination may include different particies each
of different malerials, or different materials in a single compound particie.
Examples of blended build materials include alumide, which may include a blend
of aluminum and polyamide, multi-color powder, and plastics/ceramics blends.
Blended build material may comprise two or more different respective average
particle sizes. Frinting material as used herein also covers build malerials
comprising fibers. These fibers may for example be formed by cutling extruded
fibers into short lengths. For example, a fibre length may be selected {0 allow
gffective spreading of the build material onto a platen or builld platform. For
example, the length may be approximately equal to the diameter of the fibers.
[0064] Keeping with a three-dimensional printing example, a brief further
explanation of the notion of “unused” and "used” printing material will now be
provided. For exampie, containers as descrived herein may be initially filled with
unused printing material for supply to a printing system and/or may be filled with
used printing material arising from a printing process of the printing system.
[0065] A particular batch of printing material for use in an additive
manufacturing process may be fresh (e.g. "unused”) build material or "used” build
material. Fresh build material should be considered to be build material which has
not previously been used in a three-dimensional printing build job. For example,
this may comprise build material that has not been heated during a thermal
process and/or build material that has not received a chemical binder in a non-
thermal process. An unopened supply of build material as supplied by a build
material manufaciturer may therefore contain fresh build material. By contrast,
used build materal is build material which has previously been supplied 1o a
three-dimensional printing system for use in an additive manufaciuring process
hut which has not been solidified during the process. For example, the used build
material may be produced during a thermal-fusing, three-dimensional printing
operation, in which powder build material is heated to close 1o its melling
femperature for a period of time which may be sufficient {0 cause material
degradation of the powder. In this respect, it will be understood that not all of the
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build material supplied to a three-dimensional printing system for use in an
additive manufacturing process may be used and/or incorporated into a three-
dimensional printed article. At least some of the non-solidified build material
recovered during or after completion of a three-dimensional print job may be
suitable for reuse in a subsequent additive manufacturing process. Such build
material may be stored, for example in the containers described herein, for
subsequent use, and may be designated as ‘used’ build material.

{0066 Continuing the above exampie, the used build matenal may also be
mixed with fresh build material for subsequent printing processes. In the example
of Figure 5, the first container 505 may comprise fresh build material that is mixed
with used build material present within the second container 510. The mixing
proportion may be variable, for example based on powder properties. Mixing may
be performed externally or intemally, with reference to the confainers. For
example, mixing may be performed using (or within} a feed system and/for one or
more intermediate hoppers, or used build material may be supplied to the
container for a first pericd and virgin build material supplied to the container for a
second period. In one case, an internal hopper may have ai least twice the
capacity of a container. In one case, mixing may be performed during use within
a feed system based on pneumalic conveyancing, e.¢. on printing material
exiracted from the containers and/or internal hoppers. The container may then be
further rotated {0 mix the combination within the container. In one example, a mix
of 80% used and 20% fresh build material may be used for objects for some
applications, with 100% fresh build material being used for objects for other
applications.

[0067] in general, printing material containers may be used to supply
recycled or reconditioned {(e.¢. used but unsolidified in a three-dimensional case)
printing material in addition to, or instead of, fresh printing material. In certain
cases, printing material of varying qualities may be supplied, e.g. different printing
material containers may supply different grades of printing material that each
adhere to different guality specifications. In some examples, used printing

material may be refurmned to a supplier.
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[0068] Aspects of a rotatable container for storing a printing material for a
printing system, in particular relating to a channel and/or valve structure for such
a container, will now be described with reference o Figures 7A to 7E. These
aspects relale 10 a materigl-conveying member that may be located within an
opening of the container, e.¢g. opening 135 as shown in Figure 1.

[0069] Figure 74 shows schematically a rotatable container 701 for storing
a printing material for a printing system. The container 701 may be based on
container 100 shown in Figure 1. The container 701 comprises a channsl
structure 704 for conveying the printing material, the channel structure defining
an opening of the coniainer 701. The channel structure 704 may be based on
channel structure 150 as described above. The channel structure 704 may be for
conveying the printing material from the container 701 into the printing system
during, or prior to, a printing operation. The channel structure 704 may also be
for conveying the printing material from the printing sysiem into the container 701,
during a filling or refilling operation.

{0070} The container 701 comprises a material-conveying member 708 at
least partially disposed within the channel siructure 704. The material-conveying
member 705 is arranged to convey printing material through the channel structure
704, e.g. either info or cut of the container 701. In this example, the material-
conveying member is a helix screw, however other configurations are possibie.
The helix screw may, for exampie, be a mulli-helix screw such as a double helix
screw. The malerial-conveying member 705 is mounted o prevent rotation
relative 1o the channel structure 704. As such, rotation of the container 701 and
its chamber also leads to rotation of the material-conveying member 705, For
example, a noich in one of the material-conveying member 705 and channel
structure 704 may interface with a protrusion of the other of the channel structure
704 and the material-conveying member 705, whereby to preveni relative
rotation. Alternatively or additionally, relative motion may be prevented by way of
connecting means, for example an adhesive and/or a connecling member such
as a bracket or screw, by which the material-conveying member 705 and channesl
structure 704 are joined. In some examples, the entire container 701 is configurad
to rotate together, such that there is no relative motion between the material-
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conveying member 705, the channel structure 704 and the remainder of the
container 701, For example, the container 701 may comprise helical raised
portions to direct printing material to the channel structure 704, or away from the
channel struciure 704, depending on rotation direction as described elsewhere
herein.

[0071] The channel structure 704 and the material-conveying member 705
are arranged io rotate together about a shared axis 706 to convey the printing
material through the channel structure. This may comprise the axis 155 shown in
Figure 1. For example, the materal-conveying member 705 and the channel
structure 704 may be arranged to rotaile in a first direction 10 convey printing
material into the container 701, and to rotate in a second direction, opposed o
the first direction, 1o convey printing material out of the container 701,

[0072] in certain cases, the use of a multi-helix screw as the material-
conveying member 705 allows printing material 1o be coliected by the screw at
more than one point over the course of a single rotation. For example, a double
helix screw collects printing material at twice as many points during a rotation
compared with a single helix screw. The efficiency and speed of material
conveyance is thereby improved.

[0073] fn some examples, printing material is supplied to the material-
conveying member 705 from above or from the side. For example, during a
refilling operation, recycled printing material may be fed to the material-conveying
member 705 by gravity from a nozzle located above the material-conveying
member 705. In certain examplas, the use of a multi-helix screw allows printing
material to be collected at any point in the rotation cycle. A single helix screw
would not collect printing material when the end of the screw thread is pointed
away from the nozzie. This may cause the printing material to fall through the
screw, from where it could ba collected and retumed fo the nozzle. The use of a
multi-helix screw thus improves the efficiency of printing material supply, in
particular in a refilling operation, as this reduces or aveids such collection and

returning.
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(0074} Figure 78 shows schematically a valve structure 710 for a printing
material container, for example 1o be located within a channel structure of the
container as described above.

[0075] The valve structure 710 comprises a seal 712 arranged
circumferentially about an axis of the valve structure. For example, the seal may
comprise a compressible member such as a rubber O-ring.

{0076} The valve sfructure 710 comprises a material-conveying member
713 aligned with an axis of the valve structure, for example configured as
described above in relation to Figure 7A. The material-conveying member 713
may be a double helix screw.

{00773 The seal 712 is arranged at a distal end of the material-conveying
member 713, i.e. an end that in use is furthest from the interior of the container.
The material-conveying member 713 comprises a structure to prevent roiation
relative {o the opening of the printing material container. For example, the
structure may comprise a notch or a connecting means as described above.
{0078} The valve structure 710 is configured o be translatable within an
opening of the printing material container, for example a channel structure as
described above in relation to Figure 7A

[0079] An example of such a translation is shown schemastically in Figure
7C. In the left-hand image 715, the valve structure 710 is positioned within the
opening 718 of the printing material container such that the seal 712 seals the
opening 718. In the right-hand image 720, the valve structure 710 is transiated
leftwards, such that the seal 712 does not seal the opening 718.

[0080] Figure 7D shows schematically a confainer 701 comprising a valve
710 as described above, mounted within a printing system 725, For example, the
printing system 725 may comprise printing system 200 and the container 701 may
be mounted within a material supply station such as material supply station 220
or 520 in Figures 310 5. The container 701 is held in place by retaining members
726a, 726b of the printing system 725, For exampie, the retaining member may
comprise sprung brackets or latches to hold the container 701, The container 701
is rotated about its axis in a direction 727 0 convey printing material from the

container 701 to a receiving element 728 of the printing sysiem 725, This
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receiving element 728 may be located within an intake of a material supply station
as described above. The receiving element 728 may be a funnel or hopper
configured to receive the conveved material, from which the printing material is
transferred to components of the printing system 725.

[0081] Figure 7E shows schematically an end view of the container 701,
mounted within the printing system 725. The container 701 is rotated in a direction
727 as described above. The confainer 701 is rotated, either directly or indirectly,
by a rotating member 730 of the printing system 725. For example, the rotating
member may be a wheel that is rotated in order to rotate the container 710 by
friction or a cage that rotates with the container being held within the cage. As
another exampie, the retaining members 726a, 726b may be configurad 1o move
about the central axis of the container 701 and thereby rotate the container 701.
Yet another example could be that of a timing pulley and belt {0 drive the rotation.
{0082} Figure 8 shows a method 801 of conveying a printing material
between a storage container and a printing system, for example as described
above.

[0083] The method 801 comprises at block 804 transiating, within a
channel structure of the storage container, a valve structure from a proximal
position that seals the storage container to a distal position that allows access to
the storage container, for example as described above in relation to Figure 7C.
For example, the container may be supplied to a user with the valve struciure in
the proximal position, such that the container is sealed with printing material
unable to escape. The container may further be sealed by a cap to be removed
by the user, as described in more detail below. The franslating may be performed
by a translation element of the printing system, as described in more detail below.
{00847 The method 801 comprises, at block 805, rotating the storage
container about a shared axis of the channel structure and a material-conveying
member of the valve structure. As described above, this rotation causes printing
material {0 be conveyed in a direction of the shared axis between the siorage
container and the printing system. For example, the printing material may be
conveyed from the printing system to the confainer, in a filling or refilling
operation, or from the container {o the printing system, in a supply operation.
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{0085 in examples, the storage container may be rotated at a different rale
in & filling operation compared to a supply operation. Forexample, during a supply
operation, the container may be rotailed at a rate between 40 and 60 revolutions
per minute. During & filling operation, the storage container may then be rotated
at a fasterrate, the faster rate being sufficiently high to cause the printing material
to occupy an external region of the channel structure, by way of centrifugal force.
This effectively causes the printing material to fill the channel structure from the
ocutside inwards. Filling the channel structure in this manner reduces the number
of gaps in the material flow, and thereby causes a more even stream of printing
material into the container. This improves the efficiency of the filling operation. In
one such example, afilling operation comprises rotating the container at a rate of
between 80 and 120 revolutions per minute.

[0086] in some examples, following the rotation described above, the
method 801 comprises translating, within the channel structure of the storage
container, the valve structure from the distal position (that aliows access 0 the
storage container) to the proximal position (thal seals the container). The
container can thus be sealed following the filling or supply operation, in order o
prevent spillage of printing material when the container is removed from the
printing system.

[D087] in some examples the method 801 comprises, after translating the
valve structure from the distal position o the proximal position, coupling a cap to
an opening of the channel structure such that the cap exerts a contact force on
the valve structure, wherein the contact force compresses a member of the valve
structure within the channel struciure to seal the storage container. This improves
the effectiveness of the sealing, as described in more detail below.

{0088} Aspects of a further example container will now be described with
reference to Figures 9A {0 9E. Figures 94 to 8E show further configurations of a
channel structure of an example confainer. The aspects described below may be
used independently, or in combination with one or more of the other aspects and
variations described herein.

[0089] Figure 9A shows schematically a container 801 for storing a printing
material for a printing system. The coniainer may comprise an implementation of
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container 100 from Figure 1 and/or container 701 from Figures 7A 1o 7E. The
container 8901 comprises a channel structure 803 for conveying the printing
material. For example, this may comprise an implementation of the channel
structure 150 in Figure 1 or 704 in Figure 7A. The channel structure 903 provides
an opening of the container 801 and an axis 204 of the channel structure 03
defines an axial direction. Axis 804 may comprise axis 155 as shown in Figure 1.
{0030} The container 801 comprises a valve structure 906 disposed within
the channel structure 803. The valve structure 506 may be implemented by the
valve structure 710 shown in Figures 7B and 7C or an alternative structure. The
valve structure 906 is translatable within the channel structure between a
proximal position and a distal position in the axial direction, as described above.
The proximal position may comprise a position wherein the valve structure 806 is
closest to the center of the container, e.q. as shown in Figure 9B. The distal
position may comprise a posifion wherein the valve structure 908 is locaied away
from the center of the container, e.¢. as shown in Figure 9A wherein the valve
structure 906 projects from the channel structure 903

[0091] The valve structure 908 is further non-rotatable relative to the
channel structure 903 about the axis of the channel structure. For example,
relative rotation of the valve structure 806 and the channel structure 803 may be
prevented by way of an element such as a notch in the valve structure 908 that
interfaces with a protrusion of the channel structure 803 or, similarly, a notch in
the channel structure 803 that interfaces with a protrusion of the valve structure
906,

[0092] The valve structure 906 is shown in the distal position in Figure 9A.
The amount of projection from the channel structure 903 in the distal position may
vary according to different implementations and intake configurations. In the
present example, the distal position allows access o the interior of the container
@01, for example for convevance of printing material from the container 801 to a
printing system, or from the printing system o the container 801, The printing
system in this case may be printing system 200 as shown in Figure 2.

[0093] Figure 9B shows the container 901, with the valve structure 908 in
the proximal position. The valve structure 906 is configured to seal the channel
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structure when the valve structure 906 is in the proximal position, thereby
preventing convevance of printing material. The valve structure 808 may thus be
used to prevent or allow conveyance of printing material, depending on its
position relative to the channel structure 803, For example, the valve struciure
806 may be placed into the proximal position during storage, shipping and/or
handling to prevent spillage of printing material.

{0094} in some examples, the valve structure 906 comprises a material-
conveying member aligned with the axis 904 of the channel structure. The
material-conveying member may, for example, comprise a multi-helix screw as
described in more detail above. Such a valve structure can therefore prevent
conveyance of printing material when in the proximal position, and facilitate
conveyance of printing material via a screw action when in the distal position.
[0098] in examples, the valve structure 906 comprises a compressible
member. The compressible member is arranged to seal the channel structure
when the valve structure is in the proximai position. The compressible member
may be positioned circumferentially around a part of the valve structure 806, for
example in such a position as to be between said part of the valve structure 808
and the interior of the channel structure 803 when the valve struciure 806 is in
the proximal position. For example, the compressible member may be a rubber
O-ring.

{0096} In examples, a cap is couplable to the container 901. Figure 9C
shows schematically such an example with a cap 910 coupled to the container
801, Coupling the cap to the container exerts a force on the valve structure 908,
io push the valve structure 908 into the proximal position. The compressible
member described above is thus compressible by coupling the cap 903 to the
container, whereby to close the opening of the container. In this manner, the
coupling of the cap to the container ensures a secure sealing of the channel
structure 903, reducing the risk of spillage of printing material. The presence of
the cap 910 also provides a visual indication to a user that the valve structure 906
is properly positioned {o seal the channel structure 803. The presence of the cap
910 further acts to maintain the valve structure 908 in the proximal position, for
example during shipping of the container 901.
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{00987 in examples, the user manually decouples the cap 910 from the
container 801 prior to inserting the container 201 into the printing system. The
compressible member may be configured {0 remain compressed foliowing
decoupling of the cap from the container. The seal is thus maintained following
decoupling of the cap. This reduces the risk of spillage of printing material, for
example if the user drops the container 901 while loading it into the printing
system.

{0098} Figure 8D shows schematically an example container 901 loaded
into a printing system 915, For example, this may correspond o the insertion of
container 100 as shown in Figure 3, in particular the coupling to the infake 320 as
shown in the third stage 303, This may also (or alternatively) correspond 1o the
arrangement shown in Figure 7D. The valve structure 806, shown in the proximal
position, is configured to be transiated within the channel structure by a
transiation member 916 of the printing system. The transiation member 816 may
form part of a mechanical coupling of a material supply system such as 220,
{06099} Figure 9k shows schematically said example container 801 loaded
into the printing system 915, the valve structure 906 having been translated in
direction 917 into the distal position by the fransiation member 916. The valve
structure 808 can thus remain in the proximal position, sealing the channel
structure, until the container 801 is loaded into the printing system 815, Spillage
of printing material during the loading operation is thereby averted. In some
examples, the valve member 806 is further configured to be transiated by the
fransiation member 818 from the distal position o the proximal position prior to
removing the container 901 from the priniing system 915, thereby averting or
reducing the spillage of printing material during and following removal of the
container 901 from the printing system 815,

[00100] in some such examples and as depicted in Figures 8D and ¢E, the
valve siructure 906 comprises an engagement member 818 configured to be
engaged by the transiation member 916 of the printing system. The engagement
member may, for example, comprise a fastener, such as a screw, and a washer

configured io distribute the load of the fastener. in some such examples, the
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transiation member 9186 comprises jaws configured to engage with the
engagement member 918.

(00101} An example cap for a printing material container, for example 1o
implement cap 910 as shown in Figure 9C, will now be described with reference
to Figures SF and 8G.

[00102] Figure 8F shows schematically a cross-section of a cap 851 for a
printing material container. The cap 951 comprises a coupling mechanism 955 to
couple the cap 851 to a channel structure of the printing material container. For
example, the coupling mechanism 255 may, as shown, comprise a threaded
structure, Le. a screw thread, configured to interface with a corresponding
threaded structure of the printing material container. Alternatively or additionaily,
the coupling mechanism 955 may comprise & laich or other means to fasten the
cap 951 io the printing material container.

(00103} The cap 951 comprises a raised poriion 957 exiending from an inner
surface of the cap 951 in an axial direction. The raised portion 8957 is configured
to exert a contact force on a valve structure disposed within the channel structure
when the cap 951 is coupled io the channel siructure. This contact force
compresses a member of the valve structure o seal the printing material
container, for example as described above in relation to Figure 9C.

(601041 Figure 9G shows schematically the cap 951 coupled to a channel
structure 980 of a printing material container. As described above, the coupling
causes the raised portion 957 to exert a contact force on a valve structure 962
disposed within the channel structure. This pushes the valve structure 9682 into a
proximal position in which the channel structure 960 is sealed. If the coupling
mechanism 955 comprises a screw thread, screwing the cap 951 onio the
channel structure applies the contact force to the valve structure 962.

[00105] The coupling of the cap 951 i{o the channel structure 960 thus
ensures that the valve structure 862 is positioned to securely seal the channsl
structure 960, preventing or reducing the leakage of printing material from the
container through the channel structure 860. The presence of the cap 851 also

provides a visual indication thai the container is sealed.
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(00106} In some examples, the raised portion 857 is configured 1o couple
with a receiving structure of the valve structure 962. For example, the raised
portion 857 may couple with a corresponding seat poriion of the valve structure
862. This improves the accuracy of the coupling between the raised portion 857
and the valve structure 862, thereby increasing the accuracy of positioning the
valve portion in the proximal position. The receiving structure may form part of
the engagement member 818 as described above.

(00187} in examples, a kit may be provided, the kit comprising a container
and a cap as described above.

(60108} Figure 10 shows schematically a method 1001 of sealing a printing
material container, for example a container as described above.

(60109} The method 1001 comprises, at block 1004, transiating a valve
structure 10 a proximal position in a channel structure of the printing material
container, whereby o seal the channel structure as described above.

(00110} The method 1001 then comprises, at biock 1005, exerting a contact
force on the valve structure via a raised portion of a cap couplad to the printing
material container. This block may comprise coupling a cap o the printing
material container. The raised portion of the cap exeris a contact force on the
valve structure. As described above, the contact force compresses a
compressible sealing member of the valve structure, for example a rubber O-ring.

[GO111] Certain examples of a container as described herein may be formed
from at least two initially separate components. This is shown in Figure 11. Figure
11 shows a first view of an example container 1101 during manufacture. The
container 1101 comprises a chamber 1110 and a base 1120. The chamber 1110
comprises a body portion of the example container 1101 and may provide a side
wall and ciosed end such as the inner wall 120 and the closed end 140 in Figure
1. The chamber 1110 in Figure 11 has an open end 1115. The open end 1115
may comprise an aperture substantially equal to the diameter of the container
1110, or at least wider than the comparative opening 135 in Figure 1. The base
1120 provides an opening 1135 and a channel structure 1150, The opening 1135

may be formed within the channel structure 1150 as shown.
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(00112} in these examples, the base 1120 is configured {o be inserted info
the open end 1115 of the chamber 1110. For example, the base 1120 may be
considerad as a cover or lid for the container. Figure 11 shows an example
container 1102 formed from the base 1120 and the chamber 1110, In certain
cases, the base 1120 may be affixed to the chamber 1110 following insertion, e.q.
by giue and/or welding. An example method of welding the base 1120 fo the
chamber 1110 is described in more detail below. Having a base 1120 separate
from the chamber 1110 may enable different methods of manufacture to be used
for each section of the container. It may also allow different features 1o be present
in each section. The examples below discuss some of these features. It should
be noted that the functional aspects of the fealures below may alternative be
implemented in an integral single-unit container and/or a container with more than
two components.

(00113} The term “base” is used herein to denote a separaie component
from a main chamber of the container; it need not relate to the botlom of the
container. In certain cases, the container may be stored or rested vertically upon
ihe base, e.g. if a handle is provided at an opposite closed end of the chamber.

(00114} An example of a base for a printing material confainer will now be
described with reference to Figures 12A-C. Figure 12A shows a schematic top-
down view of the base 1201. Figure 12B shows a cross-section of the base 1201,
viewed from the direction of the arrow labelled V2 in Figure 12A. Figure 12C
shows an isometric view of the base 1201 viewed from a direction between the
viewing direction of Figure 12A and that of Figure 12B.

[00115] in the present examples, base 1201 comprises a channel structure
1203 defining an opening of the base 1201. For example, the channel struciure
1203 may implement channel structures 150 or 1150 to provide openings 135 or
1135 as shown respectively in Figures 1 and 11. In this example, the channel
structure 1203 comprises an open-ended cylinder, e.¢. as may be seen in Figure
12B8. In other examples, the channel struciure is not cylindrical, and is instead
shaped as an open-ended prism having a regular or iregular polygonal cross-

section. A channel structure may be symmelric about an axis or may not be
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symmedtric about an axis. A channel structure may have a cross-section that
varies along an axis, for example a channel structure may be conically-shaped.

(00116} An axis 1205 of the channel structure 1203 defines an axial
direction. This may implement the axis 155 described with reference 1o Figure 1.
For examples in which a channel structure is not symmetric about an axis, an axis
of the channel structure may be defined as an axis of an opening of the base
1201,

(001147} in the present example, a malerial-guiding structure 1204 is formed
around the opening of the base 1201. The material-guiding structure 1204 has a
helical lower surface 1207 that extends from the channel structure 1203 in the
axial direction, as shown in Figure 12C. For exampile, the material-guiding
structure may be seen as a “screw scoop”. The helical lower surface 1207 is
shaped as a portion of a helicoid, truncated in the axial direction and in the radial
direction. Accordingly, the axial position of any point on the helical lower surface
1207 with respect {0 a fixed point on the axis 1205 varies linearly with the angular
position of the point about the axis 1205, In other examples, a helical lower
surface may not be shaped as 3 portion of a helicoid, and the axial position of any
point on a helical lower surface may vary according to a different functional
relationship. For example, the axial position of any point on a helical lower surface
with respect to a fixed point on an axis may vary such that the pitch of the helical
lower surface varies with the angle about an axis. The pitch of a helical surface is
the axial distance occupied by a curve segment on the helical surface that
subtends an angle of one full rotation about the axis of the helical surface. The
material-quiding structure 1204 may have a function when performing one or
more of supplying printing material from the container and filling the container
with printing material. In the former case, the material-guiding struciture 1204 may
“scoop” printing material and deposit it inio a material-conveying member. In the
latier case, a “scoop” or interior volume of the material-guiding structure 1204
may receive material from the material-conveying member during rotation and
guide this material to the start of helical ribs or flighting within the container.

[00118] In one example, a piich of the helical lower surface 1207 is chosen
such that during a process of conveying printing maierial from a storage container
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comprising the base 1201 to a printing system, a desired amount of printing
material is transferred for a given revolution of the storage container, as will be
described hereafier.

(00119} An upper surface of the material-guiding structure 1204 is formed
by a lower surface 1209 of the base 1201, In this example, the lower surface 1209
of the base 1201 is substantially conical such that each point on the lower surface
1208 of the base 1201 has a normal that makes a non-zero angle with the axial
direction. in other examples, an upper surface of a material-guiding structure has
a normal that is aligned with the axial direclion, e.g. is flat. In other examples, an
upper surface of a material-guiding structure is helical. For example, an upper
surface of a material-guiding structure may have substantially the same shape as
a helical lower surface of the material-guiding structure. in yet other examples,
the upper surface of a material-guiding struciure may be separate from a surface
of the base, .¢g. the “scoop” portion may be provided as a separate component
that is fastened or ctherwise coupled o the base or container.

(601201 In Figures 12A-C, the helical lower surface 1207 meets the lower
surface 1208 of the base 1201 af a curved side wall 1211 that extends radially
from the channel structure 1203 to an annular portion 1213 of the base 1201. in
this example, the outer surface of the annular portion 1213 of the base is conical.
In other examples, the ocuter surface of an annular portion of a base is cyiindrical.

(601213 in the example of Figures 12A-C, the curved side wall 1211 forms a
curve of narrowing radius. in particular, the radial distance of the curved side wall
1211 from the axis 1205 decreases from a maximum radius 2 at a first angular
position t0 a minimum radius r1 at g second angular position. In this exampile, the
curved side wall 1211 subtends an angle of one full rotation about the axis 1205
s¢ that the first angular position is the same as the second angular position. In
other exampies, the curved side wall subtends an angle of less than one full
rotation about the axis 1205. For example, the radial distance of a curved side
wall may decrease from a maximum value 1o a minimum value in half of a rotation.
In other examples, the curved side wall subtends an angle of more than one full
rotation about the axis 1205, For example, the curved side wall may decrease
from a maximum radius to a minimum over multiple full rotations.
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(00122} in the example of Figures 12A-C, the maximum radius 2 of the
curved side wall 1211 is between two and four times the minimum radius 1 of the
curved side wall 1211, More specifically, in this example the maximum radius 2
of the curved side wall 1211 is approximately Scm and the minimum radius r of
the curved side wall 1211 is approximately 3om, so in this example the maximum
radius 1z of the curved side wall 1211 is approximately three timeas the minimum
radius r1 of the curved side wall 1211. The ratio of the maximum radius 2 to the
minimum radius n is chosen such that during a process of conveying printing
material from a storage container comprising the base 1201 to a printing system,
a desired amount of printing material is transferred for a given revolution of the
storage container, as will be described hereafter. For example, this may be
achieved when a given guantily of printing material is present in the conlainer.
The material-guiding siructure may be designed o have a predefined volume to
achieve this.

(00123} The narrowing radius of the curved side wall 1211 is a continuously
narrowing radius. In this example, the radial distance of the curved side wall 1211
from the axis 1205 decreases continuously with increasing angular separation
from the part of the curved side wall 1211 having a maximum radius .
Furthermore, in this example the radial distance of the curved side wall 1211 from
the axis 1205 decreases smoothly such that there are no corners in the curved
side wall 1211. The continuously narrowing radius of the side wall 1211 allows for
printing material 1o be smoothly conveyed during a process of conveying printing
material from a storage container comprising the base 1201 to a printing system,
resulting in the printing material being conveved with an even consistency, and
not having variations in consistency that may otherwise be caused if the side wall
1211 did not have a continucusly narrowing radius.

(60124} in the example of Figures 12A-C, the material-guiding structure
1204 is an integral molded element of the base 1201. In this example, the base
1201 is formed during an injection molding process. In other exampies, a base is
formed by other molding processes, for example structural foam molding or
compression molding. In other examples, a base is formed during a first process,
a materizl-guiding structure is formed during a second process, and the base and
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the material-guiding structure are then atitached o each other, for example by
screw-fit or snap fit techniques, or using a welding technigue.

(001258} The material-quiding structure 1204 of base 1201 is configured o
convey printing material to a materal-conveying member when the base is
rotated about the axis of the channel structure 1203, For example, this material-
conveying member may comprise the multi-helix screw 710 as shown in Figures
7A 1o 7E. The material-conveying struciure may be located within the opening
formed in the channel structure 1203, In this example, the base 1201 is configured
such that when it is oriented with the axis 1205 substantially horizontal, and with
the region of the curved side wall 1211 with the maximum radius r vertically
below the axis 1205, then rotated in the direction indicated in Figures 12A and
12C, printing material may be guided along the material-guiding structure 1204
towards a material-conveying member at least partially disposed within the
channel structure 1203.

(00126} In examples in which a material-guiding structure is configured o
convey printing material o a materal-conveying member when the base is
rotated about the axis of a channel structure, the material~-conveying member is
configured o convey printer material through the channel structure. In the
example of Figures 12A-C, a material-conveying member may be provided that
is translatable in the axial direction within the channel structure 1203 of the base
1201, In other examples, a material-conveying member may be provided that is
fixed in an axial direction with respect 10 a channel structure of a base for a
printing material container. In some examples, a material-conveying member is
provided as an integral molded element of a base for a printing material container.

(001277 in some examples in which a maiterial-conveying member is
configured 1o convey printer material through the channel structure of the base
1201 of Figures 12A-C, the material-conveying member is a multi-helix screw at
least partially disposed within the channel structure, as previously described. Ina
more specific example, the multi-helix screw is a double-helix screw.

[00128] In some examples, the material-conveying memberis configured to
convey printing material through the channel structure 1203, in the example

described above, the mulli-helix screw has a fixed orientation with respect to the
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base 1201, and is thereby configured 1o rotate with the base 1201 about the axis
1205 of the channel structure 1203, causing printing material to be conveyed
through the channel structure.

(01291 in the example of Figures 12A-12C, the material-guiding structure
1204 is configured to guide a discrele dose of material, e.q. when certain material
fill conditions are metl In this example, the material-guiding siructure 1204 is
configured such that when the base 1201 is oriented with the axis 1205
substantially horizontal, and with the region of the curved side wall 1211 with the
maximum radius rn2 vertically below the axis 1205, then rotated by one fuil rotation
in the direction indicated in Figures 12A and 12C, a discrete dose of printing
material may be guided aiong the material-guiding structure 1204, Providing that
the angle subtended by the curved side wall 1211 about the axis 1205 is one full
rotation causes a discrete dose of printing material to be guided when the base
1201 is rotated by one full rotation, as all of the printing material that enters the
material-guiding structure may be guided to the channel structure 1203, In other
examples, the angle subtended by a curved side wall is less than a full rotation.
In these examples, the material-guiding structure may be configured to guide a
discrete dose of printing material when the base is rofated by less than a full
rotation.

[00130] A method of conveying a printing material between a storage
container and a printing system will now be described with reference fo Figures
120 and 12k, which respectively show cross sections of a storage container 1215
in two different orientations, and Figure 13, which shows blocks of the method
1301. At block 1304, the method comprises providing a storage coniainer 1215
with an integral scoop 1217, the integral scoop 1217 being arranged around a
channel structure 1219 of the storage container 1215 This may comprise
supplying a filled storage container 1215 to a location of use. In this example, the
storage container 1215 is substantially cvlindrical and has an axis 1221. In other
examples, a storage container is provided that is not cylindrical or generally
cylindrical. In this example, the channel structure 1219 is an open-ended cylinder.
In other examples, a storage container is provided with a channel structure that
is not an open-ended cylinder, as described above with reference to Figures 12A-
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C. The integral scoop 1217 may comprise the material-guiding structure 1204 as
shown in Figures 12A-C.

(00131} The integral scoop 1217 has a helical floor 1223 that surrounds an
opening of the channel structure 1218, In this example, the helical floor 1223 is
shaped as a portion of a helicoid, truncated in the axial direction and in the radial
direction. Accordingly, the axial position of any point on the helical floor 1223 with
respect to a fixed point varies linearly with the angular position of the point about
an axis 1221 of the container 1215. In other examples, a helical lower surface
may not be shaped as a portion of a helicoid, as described sbove with reference
o Figures 12A-C.

(001323 Ajoin 1225 between the helical floor 1223 and a surface 1227 of the
storage container 1215 forms a curve of narrowing radius. In this example, the
radial distance of the join 1223 from the axis 1205 decreases from a maximum
radius at a first angular position to a minimum radius at a second angular position.
in this example, the join 1225 sublends an angle of one full rolation about the axis
1205 so that the first anguiar position is the same as the second angular position.
In other examples, the join subiends an angle other than one full rotation.

(00133} At block 1305, the method comprises rotating the storage container
1215 asbout the axis 1221, In this example, the axis 1221 is substantially
horizontal. in other exampies, a siorage container may be rofated about an axis
that makes a non-zero angle with the horizontal In some examples, a storage
container may be oriented such that an end of the storage container comprising
the channel structure is lower than an opposite end of the storage container.
Rotation may be performed in 3 manner similar to that illustrated in Figure 4.

(00134} Rotation of the storage container 1215 rofates the iniegral scoop
1217 within the storage container 1215 {0 convey the printing material between
the channel structure 1219 and an interior of the container 1215, For exampie,
the integral scoop 1217 may be fixably mounted within the storage container 1215
such that rotation of the slorage container 1215 rotates the integral scoop 1217
at the same speed, e.¢. the integral scoop 1217 is fixed with respect {0 the
container housing. in the example of Figure 12D, the storage container 1215 is

initially oriented such that the portion of the join 1225 with the maximum radial
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distance from the axis 1221 is vertically below the axis 1221. In this orientation,
an open portion of the integral scoop 1217 is undemneath a top surface of printing
material 1229.

(00135} The storage container 1215 is rotated in the direction indicated by
the arrows in Fig 12D, After the storage container 1215 has been rolated by half
of a rotation, some of the printing material 1229 has been conveyed from the
interior of the container 1215 to the channel structure 1219 (where the black dots
in Figures 120 and 12E represent printing material particles), and the slorage
container 1215 is oriented as shown in Figure 12E. After the storage container
1215 has been rotated by a further half rotation, more of the printing material 1229
has been conveyad from the interior of the container 1215 to the channel structure
1218, and the storage container is again oriented as in Figure 120,

[001386] in another example, the storage container 1215 is rotated in a
second direction that is opposite to the direction indicated by the arrows in Fig
120, When the storage container 1215 is rotated in the second direction, printing
material is conveyed from the channel structure 1219 o the interior of the storage
container 1215.

(001377 The rotation of the storage container 1215 causes the integral scoop
1217 o operate as an Archimedes screw, whereby o convey the printing material
1229. in the example of Figure 12D, when the storage container 1215 rotates in
the direction indicated by the arrows, the helical floor 1223 conveys printing
material towards the channel structure 1219 in a direction of the axis 1221.

[00138] In some examples, rotating the storage container 1215 comprises
conveying at least one discrete dose of printing material. During operation of a
printing system, several discrete doses of printing material may be conveyed.

(00139} in the example of Figures 120 and 12k, conveying at least one
discrete dose of printing material may comprise conveying a single dose of
printing material for a given 360-degree rotation of the storage container. In this
example, the storage container 1215 staris in the orientation shown in Figure
120, and a discrete dose of printing material is conveyed when the storage
container 1215 undergoes one full 360-degree rotation in the direction indicated
by the arrows in Figure 12D. In other examples, a discrete dose is conveyed when
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a storage container is rotated by multiple 360-degree rotations. In other
examples, a discrete dose is conveyed when & storage container is rotated by
less than a 360-degree rotation.

(001403 in some examples, the method of conveying a printing material
between a storage container and a printing system comprises conveying printing
material {0 a material-conveying member at least partially disposed within the
channel structure. In the example of Figures 12D and 12E, a mulli-helix screw
1231 is partially disposed within the channel structure 1219, and rotating the
storage container 1215 in the direction indicated by the arrows causes the printing
material 1229 to be conveyed to the multi-helix screw 1231. The mulli-helix screw
1231 rotates with the storage container 1215, causing printing material 1229 ©
be conveyed through the channel structure, as shown in Figure 12E.

[00141] in some exampies, the rotation of the storage container is performed
by a rotating element of a printing apparatus. In some examples, a rotating
element is an element that releasably couples (o a storage container and rotates
in unison with the storage container. In other examples, a rotating element is an
element that does not rotate in unison with the storage container. For example, a
rotating element may comprise rollers that are configured to abut an outer surface
of a storage container.

[00142] Another example of a container for a printing system will now be
described with reference o Figure 12F, which shows a cross section of a
container 1233 for a printing system. In this example, the container 1233 is
substantially cvlindrical. In other examples, a container is not substantially
cylindrical, and is instead substantially shaped as a prism having a regular or
irregular polygonal cross-seciion. A container may be symmetric about an axis or
may not be symmetric about an axis. A container may have a cross-section that
varies along an axis, for example a storage container may be conically-shaped.

(00143} The container 1233 comprises a chamber 1235 for storing a printing
material. In this example, the chamber 1235 is substantially cylindrical, ie. is
generally cylindrical and/or has at least one or more substantially cylindrical

portions. In other examples, a chamber for storing a printing maierial is not
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substantially cylindrical. A chamber for storing a printing material may have a
shape corresponding to the shape of an outer surface of the container.

(00144} The container 1233 comprises a material-conveying member. inthis
example, the malernal-conveying member is a mulli-helix screw 1237.
Specifically, in this example the multi-helix screw 1237 is a double-helix screw.

[00145] The container 1233 comprises a base 1239, In this example, the
hase 1239 is welded 10 a body portion 1241 of the container 1233, In other
examples, a base may joined 10 a body of a container by a snap-fit means. In
other examples, a base may be joined 10 a body of a container by a screw-fit
means.

(00146} The base 1239 comprises opening 1243 for receiving the material-
conveying member (multi-helix screw 1237). A shared axis 1245 of the opening
1243 and the material-conveying member (multi-helix screw 1237} defines an
axial direction of the container. The base comprises a material-quiding structure
formed around the opening 1243, having a helical lower surface 1247 thal
extends from the base 1239 into the chamber 1235 in the axial direction. The
helical lower surface 1247 is shaped as a portion of a helicoid, truncated in the
axial direction and in the radial direction. Accordingly, the axial position of any
point on the helical lower surface 1247 with respect to a fixed point on the axis
1245 varies linearly with the anguiar position of the point about the axis 1245. in
other exampies, a helical lower surface may not be shaped as a portion of a
helicoid, and the axial position of any point on a helical lower surface may vary
according to a different functional relationship. For example, the axial position of
any point on a helical lower surface with respect {0 a fixed point on the axis 1245
may vary such that the pitch of the helical lower surface varies with the angle
about an axis.

[00147] A portion of an outer side wall 1249 of the material-guiding structure
abuts an inner side wall 1251 of the chamber 1235. In this example, the portion
of the outer side wall 1248 that abuts the inner side wall 1251 abuts a curved
inner side wall 1251 of the chamber 1235, In other examples, a portion of an outer
side wall of a material-guiding structure abuts a raised portion of an inner side
wall of a chamber. In some such examples, the raised portion is flat.
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(00148} An upper surface of the material-guiding structure is formed by a
lower surface 1253 of the base 1239. In this example, the lower surface 1253 of
the base 1239 is substantially conical such that each point on the lower surface
1253 of the base 1239 has a normal that makes a non-zero angle with the axial
direction. in other examples, an upper surface of a2 material-guiding structure has
a normal that is aligned with the axial direction. in other examples, an upper
surface of a materigl-guiding structure is helical. For example, an upper surface
of a material-guiding structure may have substantially the same shape as a helical
lower surface of the material-guiding structurs.

[00149] The helical lower surface 1247 meets the lower surface 1253 of the
base 1239 at a curved side wall 1255 that exiends radially from the channel
structure {o the outer side wall. In this example, the curved side wall 1255 forms
a curve of narrowing radius. In particular, the radial distance of the curved side
wall 1255 from the axis 1245 decreases from a maximum radius at a first angular
position {0 a minimum radius at a second angular position. In this example, the
curved side wall 1255 subtends an angle of one full rotation about the axis 1245
s¢ that the first angular position is the same as the second angular position. In
other examples, the curved side wall subtends an angle of less than one full
rotation about the axis 1245, For example, the radial distance of a curved side
wall may decrease from a maximum value to a minimum value in half of a rotation.
In other examples, the curved side wall subtends an angle of more than one full
rotation about the axis 1245, For example, the curved side wall may decrease
from a maximum radius {o a minimum over multiple full rotations.

[00150] Figure 14 shows an example container 1401 that comprises a
rotatable chamber 1402 for storing printing material. The rotatable chamber 1402
has an opening 1404 that in use receives a base such as shown in Figure 11.
The rotatable chamber has an inner structure 1405. The inner structure 1405
conveys the printing material between an interior of the cylindrical chamber 1402
and the opening 1404 during rotation of the container 1401, In the example shown
in Figures 14, the inner structure 1405 is 3 structural feature of the inner surface
of the container wall of the cviindrical chamber 1402, As the container 1401
rotates the inner structure 1405 rotates with the chamber 1402 {o convey printing
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material to and from the opening 1404, The inner structure 1605 may comprise a
series of helical ribs or protrusions to move printing material along the container
1601, either during supply or filling.

(601513 in certain cases, the inner structure 1405 forms a helix structure in
the inner surface of the container wall. In one case, the inner structure 1405 forms
a continuocus helix structure within the inner surface. In another case, the inner
structure 1405 is disjoinied where each raised portion in a set of raised portions
forms a partial helix structure,

[00152] In one case, the inner structure 1405 conveys printing material
between the rofatable chamber and at least one material-conveying structure
forming part of the base during rotation. The at least one material-conveying
structure may comprise at least one of the material-conveying member and the
material-guiding structure as described herein. Further possible features of the
inner structure are described in more detail in the example of Figures 16A to C.

(00153} Figure 15 shows a mold 1500 for a printing material chamber such
as the container 1401 shown in Figure 14, according to an example. The mold
comprises a surface to define an outer wall 1501 of the printing material chamber.
In the exampie shown in Figure 15 the outer wall 1501 of the printing material
chamber defined by the mold 1500 is generally cylindrical. The outer wall 1501
comprises a closed portion 1502 at one end and an open portion 1503 at the
other end. According to examples described herein, the mold 1500 comprises
one or more raised surface features 1504. The one or more raised surface
features 1504 form comresponding indentations in the cuter wall of the printing
material chamber. The indentations form raised portions on an inner wall of the
printing material chamber. Figure 15 shows the raised surface features 1504 of
the moid 1500 which define the comresponding indentations. In the example of
Figure 15 the raised surface features 1504 result in the formaiion of helical ribs
or ‘flighting’ in the printing material chamber. The indentations may comprise two
sets of indentations, one set for each side of the printing material chamber.

[001584] A further example container, comprising certain features, will now
be described with reference {o Figures 16A to 16C and 17.
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{01551 Figures 18A - C show schematically a container 1601 for storing a
printing material for printing. According to examples, the container 1601 is used
to contain printing material suitable for two-dimensional and three-dimensional
printing as described herein. The container 1601 comprises a generally cylindrical
chamber 1602 formed by a container wall 1603. The chamber 1802 has an
opening 1604 at one end. In the example shown in Figures 16A - C, the container
1801 is closed at the other end.

(00156} According 1o examples described herein the container 1601
comprises an inner structure 1605. The inner structure 1605 conveys the printing
material between an interior of the chamber 1602 and the opening 1604 during
rotation of the container 1801, In the example shown in Figures 18A - C, the inner
structure 1605 is a structural feaiure of the inner surface of the container wall
1603 of the chamber 1602. In other examples, the inner structure 16805 is a portion
separate from the chamber and is removable from the container 1601. The inner
structure 1605 is non-rotatable relative to the chamber 1602 of the container
1601, As the container 1801 rotates the inner structure 1605 rotates with the
chamber 1602 to convey printing material o and from the opening 1804. The
inner structure 1605 may comprise a series of helical ribs or protrusions to move
printing material along the container 1801, either during supply or filling.

[00157] in Figure 184, the container wall 1603 comprises an ouler surface.
The outer surface of the container wall 1603 comprises a planar portion 1608,
According {o an example, the planar portion 1606 extends across a substantial
proportion of the width and the length of container 16801 to form a base of the
container 1601, In comparison o a generally cylindrical container, the container
1601 can be placed 1o rest stably on a surface on the planar portion.

(00158} The planar portion 1606 further provides an orientation of the
container 1801, For example, the planar portion 1606 is used to align the
container 1601 in & material supply station, such as during an insertion operation
as shown in Figure 3. The planar portion 1608 may be used to align the container
1601 within a cage used Tor rotation. A generally cylindrical container provides no
indication of an orientation of the container 1601. In contrast, the described

container 1601 is inserifed into a material supply station using the planar portion
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1606 as a guiding structure to orientate the container 1601 during insertion. For
example, a passageway forming part of the mounting 310 in Figure 3 may be
arranged with a flat surface to receive and guide planar portion 1608, Also,
generally cylindrical containers are prone to roliing during transporiation or
storage. The planar portion 1606 provides a surface on which to rest the container
1601 during transportation or storage.

[00159] in the example of the container 1801 shown in Figures 16A - C, the
inner structure 16805 comprises a plurality of portions 1607 in the inner surface of
the container wall 1803. The raised portions 1807 are raised on the inside of the
container 1601. In the example shown in Figures 16A - C, the raised portions
1607 are positioned al intervals along the lengih of the chamber 1602 and
surround the chamber 16802, The raised portions help to convey printing material
between the inferior of the chamber and the opening of the container during
rotation of the container.

(00160} In certain cases, the raised portions 1607 form a helix structure in
the inner surface of the container wall 1803. In one case, the raised portions 1608
are connected to form a continuous helix structure within the inner surface. In
another case, the raised portions 1807 are disjointed where each raised portion
forms a partial helix structure. The raised portions 1607 pass through the planar
poriion 16808 on the base of the container.

(00161} The raised portions 1807 forming the helix structure on the inner
surface of the container 16C1 help transfer printing material from the interior of
the chamber 1802 towards the opening 1604 of the container 1601 when the
container 1601 is rofated. Printing maiterial that comes into contact with the helix
structure is moved by the helical portions in a direction parallel {0 the axis of
rotation of the container 16801, This reduces the amount of printing material that
becomes stationary with respect {o the axial direction and encourages printing
material {0 move towards or away from the opening 1604 of the container 1601,

(00162} The helix structure on the container 1601 shown in Figures 18A - C
extends arcund the chamber 16802 approximately four times. This number may
vary in other examples. The helix is angled sufficiently {0 ensure a consistent
transfer of printing material in the container 1601 when the confainer 1601 is
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rotated. In exampies described herein, the rate of transmission of printing material
in the container 1601 is not substantially affected when the raised portions 1607
do not pass through the planar portion.

(00163} in certain cases, the raised portions 1607 are rounded. Rounding
off the raised portion 1607 helps {0 ensure that printing material cannot become
stuck in or around the raised portions 1807. This reduces the risk of printing
material becoming compacted or gather in a particular region of the container.

(00164} in the example of the container 1601 shown in Figures 16A ~C, the
container 1601 comprises a handle portion 1608. The handle portion 1808 is
formed at the closed end of the container 1601, The handle portion 1608 aliows
a user to hold the container 1601 and position the container 1601 1o rest on the
planar portion 16086 according to examples described herein. In the example of a
container 1601 shown in Figures 16A - C, the handle portion 1608 comprises an
elongate hand grip that exiends in a direclion substantially perpendicular to the
planar portion 1806. This allows the container 1601 {o easily be gripped by a user
and, in particular, helps a user {0 align the container 1801 on the planar portion
1606 on a resting surface. Moreover, the grip is formed within the container 16801.
This can be manufactured in the same process as the chamber of the container
1601,

[00165] In some examples, the handle portion 1608 may comprise a wall
thickness, hardness, toughness, and strength sufficient to withstand the loaded
weight of build material within the handle portion 1808 and chamber 1802, as well
as resisting fracture and/or denting upon the container 1601 being inadvertently
mishandled (e.g. dropped, ofc.). In some examples, at least the handie portion
1608 may be formed of a polymer material, such as high density polvethylene
(HDFE), any number of different polymers, or combinations thereof. In some
examples, at least some these same maiterials may be used o form the chamber
1602,

(00166} In some examples, an inner wall surface of the handie portion 1608
and/or of the chamber 1802 may comprise a low coefficient of friction. This
arrangement may facilitate flowability of printing material within container 1601,

including handle portion 1608, In some examples, the inner wall surface of the
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handie portion 1608 and/or chamber 1602 may comprise a lubricous coating to
enhance such flowability.

(001677 In certain examples of the container 1601 described herein, such as
shown in Figures 18A - C, the elongate hand grip is aligned at a non-zero angle
to a plane of a base of the cylindrical chamber 1802, In the example shown in
Figures 16A - C the handle portion 1608 is at an angle of approximately 60
degrees o the base of the container 1601 containing the planar portion 1606,
However, in other cases the elongate handie portion 1608 is angled at a different
degres o the horizontal.

[00168] Angling the elongate handle portion 1808 with respect {0 a base
poriion aliows a user 1o control the motion of the container 1601, In particuiar, the
angled elongate handle portion 1608 gives an improved weight distribution across
the container 1601 when held by the handie portion.

[00169] According to examples described herein the planar portion 1806 of
the container 1601 further comprises a notch portion. The notch portion is an
inwardly pointing indentation within the outer wall of the confainer 1601, The
notch portion is used to latch the container into a material supply station.

[C01707 Figure 168 and 168C show two alternative views of the container
1601. Figure 168 shows a view of the container 1801 locking in from the opening
1604, In Figure 168 the interior of the container 1601 is shown including the
interior portion of the elongated handle portion 16808. According to examples, the
interior of the elongated handle portion 1610 is hollow. Printing material may thus
be stored in the handle portion 1610, Figure 168 also shows the planar portion
1608. The view of the container 1601 shown in Figure 16C shows a view of the
exterior handle portion 1608 of the container. It can be seen from the view of the
container 1601 shown in Figure 16C that the handle portion 1608 extends in a
direction subsianiially perpendicular to the planar portion 1608.

(00171} Figure 17 shows a mold 1700 for a printing matearial chamber such
as the container 1801 shown in Figure 18, according 10 an exampie. The mold
comprises a surface 1o define an outer wall 1701 of the printing material chamber.
In the exampie shown in Figure 17 the outer wall 1701 of the printing material
chamber defined by the mold 1700 is cylindrical. The outer wall 1701 comprises
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a closed portion 1702 at one end and an open portion 1703 at the other end. The
surface of the mold comprises a planar portion 1704 projecting into the surface
of the mold. When the mold 1700 is used the planar portion 1704 defines a
corresponding planar portion in the outer wall of the printing material chamber.
The planar portion of the printing material chamber aligns the chamber on a
resting surface.

(00172} According to examples described herein, the mold 1700 comprises
one or more raised surface features 1705, The one or more raised surface
features 1705 form corresponding indentation in the outer wall of the printing
material chamber. The indentations form raised portions on an inner wall of the
printing material chamber. Figure 17 shows the raised surface features 1705 of
the mold 1700 which define the comresponding indentations. In the example of
Figure 17 the raised surface features 1705 result in the formaiion of helical ribs
or “flighting’ in the printing material chamber.

(00173} In examples, the one or more raised surface features of the mold
1700 are rounded. The rounded raised surface features form corresponding
rounded raised portions in the inner wall of the printing material chamber.

(00174} in the example of the mold shown in Figure 17, the mold 1700
further comprises a channel to define a handle portion 1708. The handle portion
1706 forms part of the closed end 1702 of the printing material chamber. The
handle 17086 formed by the mold shown in Figure 17 is an elongate handle portion
that is angled with respect to the planar portion, similar {o the handle portion of
the container shown in Figure 16.

[00175] According to an example, the mold 1700 further comprises a noich
portion that projects in to the planar portion of the surface of the mold. The noich
defines a corresponding noteh portion in the outer wall of the printing material
chamber. The noich portion in the outer wall is used to latch the printing material
chamber in a material supply station.

(00176} A further example container, implementing examples of the present
disclosure, will now be described with reference to Figures 18A and 188 and 18.

[00177] Figures 184 and 18B show schematically two views of a portion of
a container 1801, e.g. for use with a material supply station of a printing system,
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according to an example. The container may be any one of the example
containers described herein. Figure 18A shows a view looking into an opening of
the container 1801. The container 1801 comprises a chamber 1802 for storing
printing materal and a materal-guiding structure 1803. The material-guiding
structure 1803 is formed around a channel structure 1804 of the container. The
material-guiding structure 1803 is arranged to guide printing material between an
interior of the printing material container 1801 and the channel siruciure 1804 of
the printing material container 1801 when the container 1801 is rotated about a
central axis, for example axis 155 in Figure 1.

[00178] The printing material container 1801 shown in Figures 18A and 18B
comprises a raised portion 1805 within an inner surface 1806 of the chamber
1802, Figure 188 shows a close up view of the raised portion 1805 and the
material-guiding structure 1803. The raised portion 1805 is arranged to guide the
printing material into an opening 1807 of the material-guiding structure 1803, In
certain examples described herein, the material-guiding structure 1803 has a
helical shape in the form of an Archimedes screw that guides printing material
towards the channel struciure 1804. The opening of the maierial-guiding structure
1803 forms a scoop shape which helps to transfer printing material towards the
channel structure 1804. The material-guiding structure 1803 may comprise the
material-guiding structure 1204 shown in Figures 124 - 12F.

(00179} The raised portion 1805 helps 0 maximize the amount of printing
material that is deposited in the opening 1807 of the maleral-guiding structure
1803 and minimize the amount of printing material that becomes stranded in the
chamber 1802 as the container 1801 rotaies in the material supply station.
According to examples, the raised poriion 1805 is formed as an indentation in the
inner wall of the container. In other cases, the raised portion is a separate portion
that is attached to the container 1801.

(00180} In examples described herein, the raised portion 1805 is adjacent in
the container 1801 to the material-guiding structure 1803. This is shown in Figure
188. The adjacency is with respect to an annular surface of the container 1801
and the material-guiding structure 1803, The raised portion 1805 may be as close
as possible 1o the material-guiding sfructure 1803 within the consiraints imposed
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by a manufacturing processes of the container 1801. In particular, the opening of
the material-guiding structure 1803 is almost flush o (i.e. abuts} the raised portion
1803. This further minimizes the amount of printing material that becomes
stranded in the container 1801 as it rotates.

[60181} in the example shown in Figure 188, the width of the raised portion
1805 is equal to a width of the opening 1807 of the material-guiding struciure
1803, as indicated by the dotied arrow in Figure 188. This maximizes the amount
of printing material which is transferred from the raised portion 1805 to the
opening of the material-guiding structure 1803, In other cases, the raised portion
1805 may have a width that is greater than, oriess than, the width of the opening
1807,

[60182] According to ceriain examples, the raised portion 1805 is a planar
poriion. in other words, the raised portion 1805 forms a raised flattened platform
on which printing material accumuiates during rotation of the container 1801, In
this case, printing material is transferred to the opening of the container from the
planar portion o the material-guiding structure 1802 as the container rotates.

[00183] in further examples of the container 1800, the inner surface 1808 of
the chamber 1802 comprises oneg or more “ribs” or “flighting” to guide printing
material to the opening of the material-guiding structure 1803. For example, these
are shown in Figure 14 and 168A. The one or more ribs are comprised around the
edge of the inner surface 1806 and, in certain cases, are formed as indentations
in the inner surface during a manufacturing process of the conlainer 1801, As
described in relation to other examples of containers described herein, the ribs
are in certain cases helical ribs that spiral around the inner surface of the
container. During rotation, the ribs encourage the motion of printing material
between an interior of the container 1801 and the opening of the container 1801.

[00184] In one example, one of the ribs is positioned such that it meets with
the raised portion 1805 in the inner surface 1806 of the container 1801. For
example, in one case, a rib is manufactured into the inner surface such that the
rib blends into the raised portion 1805. In this arrangement, printing material that
is moved by the rib during rotation of the container is guided on to the surface of

the raised portion 1805.
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(00185} in a further example, the raised portion 1805 of the container 1801
has a height above the inner surface of the chamber 1802, such that a plane of
the raised portion 1805 and a plane of the opening of the material-guiding
structure 1803 are substantially aligned. This is shown in Figure 18B. This helps
to ensure printing material does not become stuck at the lip of the opening of the
material-guiding structure 1803 as the container 1801 rotates.

[G0186] In certain examples described herein, the container 1801 comprises
a further planar portion which forms a base of the container, as described in
relation to Figures 16A — 16C. The further planar portion extends along the length
and the widih of the container 1801. According to examples, the raised portion
1803 is formed in the further planar portion of the container 1801. This simpiifies
a manufacturing procedure where the comtainer is constructed from a mold, since
the raised portion 1803 can be pressed into a flattened portion, as opposed o a
cylindrical portion of the outer wall of the container 1801, In particular, in certain
examples the resuiting manufacturing process produces a container 1801 where
the raised portion 1805 is planar. As described slsewhere, the wall of the
container 1801 may be manufaciured by biow-molding.

(001877 Figure 19 is schematic diagram of a mold 1900 for a printing
material chamber according o an example. The mold 1900 is used in &
manufacituring process such as those described herein. The mold 1900
comprises a surface 1801 to define an outer wall 1902 of the printing material
chamber. The outer wall 1902 has a closed lower portion 1903 and an open top
portion 1804. The open top portion 1804 is dimensioned, i.e. sized appropriately,
io receive a corresponding material-guiding structure. The material-guiding
structure may form part of a base 1120 as shown in Figure 11. According o
examples described herein, the surface 1901 of the mold 1900 comprises a
raised portion 1805. The raised portion 1805 forms a corresponding raised portion
in an inner wall of the chamber to quide printing material into the material-guiding
structure, such as that shown in Figures 18A and 188.

[00188] i an example, the surface 1901 of the mold 1800 comprising the

raised portion is positioned such that, when inserted into the opening 1804, the
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material-guiding structure is adjacent to the indentation forming the raised portion
in the inner wall of the printing material chamber.

(00189} in a further example, the surface 1901 comprises one or more
ridges that form indentations in the outer wall of the printing material chamber.
The indentations form corresponding ribs within the inner wall of the printing
material chamber. The ribs guide printing material fowards the material -guiding
structure. In one case, the ridges form helical portions on the surface 1901 of the
mold 1800, The helical ridges form a corresponding helical ribs in the printing
material chamber, e.g. as described with reference 1o other examples.

[00190] in certain cases, one of the ridges is arranged o merge into the
raised portion 1905 of the moid 1900 such that the corresponding rib in the
printing material chamber contacts the raise portion. According to ancther
example of the mold 1900, the mold comprises a planar portion to form a
corresponding planar portion within the inner wall of the printing material
chamber. In such a case, according to an example, the mold 1500 is such that
the raised portion is formed as a raised section of this planar portion. The resulting
corresponding raised portion in the printing material chamberis, in certain cases,
also planar.

(60191} Figures 20A and 20B show methods of conveying printing material
based on the example containers of Figures 16A to 19,

(00192} Figure 20A shows a method 2001 of conveying printing material
such as powder from a container according to an example. The method 2001 is
usad with the examples of containers described herein. Al block 2001, printing
material is conveyed along an axis from a closed end of the container {o an open
end of the container via a set of helical ribs. The helical ribs are formed in the
inner surface of the container. At block 2002, printing material is transferred from
the container into a mailerial-guiding structure, the material-guiding structure
having an opening in a plane containing the axis, wherein a distance between the
inner surface and a side wall of the opening is spanned by a raised portion within
the inner surface.

[00193] The method 2001 and exampies of the container 1800 described
herein can be used to minimize the amount of stranded printing material in the
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container 1800 when the container is rotated in a material supply station. The
raised portion may be manufaciured into the container 1800 using the same
processes that are used to manufacture the container 1800 itself.

(001843 Figure 208 shows a method 2010 of conveying printing material
between a printing material container comprising an elongate generally cylindrical
chamber and a printing system, according o an example. At block 2011, the
printing material container is aligned with a planar surface of an insertion channel
of a material supply station of the printing system. At block 2012, the printing
material container is inserted into the insertion channel of the material supply
station. At biock 2013, an opening of the printing material container is coupled 1o
the material supply station. For example, this may follow the routine showed in
Figure 3. At block 2014, the printing material container is rotated within the
material supply station 10 convey, via an inner structure of the elongate cylindrical
chamber, printing material between the printing material container and the
printing system. For example, this is shown in Figure 4. The method 2010 is used
in the context of examples described herein. In particular the method is used with
the container shown in Figures 18A ~ C.

[00195] in certain examples of the method 2010 described herein, aligning
the planar portion of the printing material container comprises gripping an angled
handle at a closed end of the elongate generally cylindrical chamber and inserting
the printing material container comprises applying a force along an axis of the
chamber via the angled handie.

[00196] An example of a method of manufacturing a container for a printing
material will now be described. The method may be used to manufacture a
container as described in any of the examples set out herein.

(001873 Figure 21A shows components of a container that may be used in
the method of manufacture. A first portion 2103 and a second portion 2105 are
provided. The first portion 2103 and the second portion 2105 may comprise the
base 1120 and chamber 1110 as described with reference o Figure 12. In the
present example, the first portion 2103 is substantially formed of a first material
and the second portion 2105 is substantially formed of a second maierial, the first
material and the second material both being thermoplastic materials. A
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thermoplastic material is a material thal exhibits plastic behavior when s
temperature is greater than a ceriain temperature, and is solid when is
temperature drops below the certain temperature. Certain synthetic polymers are
examples of thermoplastic materials. in this example, the first portion 2103 and
the second portion 2105 are substantially formed of different grades of a single
thermopiastic polymer. In other examples, a first portion and a second portion
may be substantially formed of the same grade of a single thermoplastic polymer.
Different grades of a polymer may have different properties, including different
melting temperatures and different viscosities. In further examples, a first portion
and a second portion may be substantially formed of different thermoplastic
polymers.

[60188] in the example of Figure 214, the first portion 2103 and the second
poriion 2105 are both substantially cylindrical in shape, such that the first portion
2103 and second portion 2105 have ouler surfaces with circular symmetry. In
other examples, portions of differing shapes are provided. For example, either
one or both of the portions may have cuter surfaces with regular or irregular
polygonal cross-sections. Portions may have ouler surfaces with cross sections
that are symmetric about an axis, or may have outer surfaces with cross sections
that are not symmetric about an axis. Portions may have cross-sections that vary
along an axis.

[00199] The first portion 2103 comprises a circular opening 2107 having an
axis 2109. The opening 2107 is circumscribed by an annular wall 2111, The
annularwall 2111 has circular symmetry about the axis 2108. in this example, the
annuiarwall 2111 has a rim consisiing of a flat upper surface 2113 with a normal
that is paraliel to the axis 2109, referred 1o hereafter as an axial direction. in other
examples, a first container portion has an annular wall with a rim that does not
have a flat upper surface with a normal in an axial direction. For example, a first
container portion may have an annular wall with an upper surface having a normal
that makes a non-zero angle with the axial direction, such that the upper surface
is a conical surface. In some examples, a first container portion has a rim with a
normal that varies with radial distance from an axis of the portion. In some
examples, a first container portion has a rim with more than one upper surface.
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(00200} The second poition 2105 comprises an annular cavity 2115 for
receiving the annular wall 2111, In Figure 21A, the first portion 21032 and the
second portion 2105 are aligned coaxially, with axis 2109 arranged as an axis of
the annular cavity 2115, In this example, the annular cavity 2115 is partially
bounded by & radially outward-facing surface 2117 and by a lip 2119 that
overhangs the radially cutward-facing surface 2117. The annular cavity 2115 is
thereby bounded in a radially inward-facing direction, in a radially outward-facing
direction, and in a first axial direction. The annular cavity 2115 is operable to
receive the annular wall 2111 from a second axial direction that is opposite {o the
first axial direction.

(002613 Figure 218 shows a view from below of the second portion 2105, in
this example, the container 2101 is operable to supply printing material 1o a
printing system, and the second portion 2105 has integral struciures operable to
perform the fask of supplying printing material to the printing system. In particular,
the second portion comprises a channel structure 2123 defining an opening to
the second portion 2108, and a material-quiding structure 2125, Other examples
of containers have other integral structures that depend on the purpose of the
container.

(602021 Figure 21C shows example cross sections of annular cavities for
receiving an annular wall. Example (a) shows a cross section of the annular cavity
2115 of the second portion 2105 of Figure 21A, as viewed from a direction
perpendicuiar (o the axis 2108, In this example, the lip 2119 comprises a member
2121 extending into the annular cavity 2115, The member 2121 is a bounding
member of the annular cavity 2115, meaning that at least a part of the annular
cavity 2115 is bounded in at least one direction by the member 2121, In this
example, the member 2121 is annular, having a radially inward-facing surface
extending from a radially inward-facing surface of the lip 2118, and a flat lower
surface with a normal facing in the axial direction from which the annular cavity
2115 is operable to receive the annular wall 2111, The member 2121 is
configured for fusing with an outer surface of the annular wall 2111, as will be
described hereafter. A member of a first portion that is configured for fusing with
a specific region of a second poriion is referred o as an energy direcior.
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(002031 Example (b) of Figure 21C shows a cross section of a different
annular cavity 2127 comprised in a container portion for receiving an annularwall.
In this example, an axially-facing surface 2129 extends between a radially
outward-facing surface 2133 of the container portion and a radially inward-facing
surface of a lip 2131 that overhangs the radially outward-facing surface 2133, In
this example, the axially-facing surface 2129 is configured for fusing with a top
surface of an annuiar wall. The axially-facing surface 2129 is an example of a
bounding member of the annular cavity 2127.

1602041 Example (c) of Figure 21C shows a cross section of a different
annuiar cavity 2135 comprised in a container portion for receiving an annularwall.
in this example, a bounding member 2139 of the annular cavily 2135 extends
from a radially outward-facing surface 2137 of the confainer portion. in this
example, the bounding member 2139 is configured for fusing with an inner
surface of an annular wall.

[00205] Example (d) of Figure 21C shows a cross section of a different
annular cavity 2141 comprised in a container portion for receiving an annularwall.
in this exampile, annular cavity 2141 is an indent in an axially-facing surface 2143
of the container portion. In this example, the axialiy-facing surface 2143 is
configured for fusing with a top surface of an annular wall. The axially-facing
surface 2143 is an example of a bounding member of the annular cavity 2141.

[80206] Each of the examples of Figure 21C includes an annular bounding
member for fusing with an annular wall. Other exampies include bounding
members that do not have a circular symmetry. For example, a container portion
may have several bounding members for fusing with an annular wall, the
bounding members being located at regular or irregular angular intervals within
an annular cavity.

[00207] in the present exampile, the two portions are joined by advancing
the annular wall into the annular cavity, e.9. by applying a compressive force in
an axial direction of the opening. The first portion and the second portion are then
temporarily rotated relative {o each cother o fuse the first and second portions.

This is described in more detall below.
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[00208] The flow diagram of Figure 22 represents a routine by which the first
portion 2103 and the second portion 2105 are joined together {o form the
container 2101, The routine begins by advancing, at 2201, the annular wall 2111
of the first portion 2103 into the annular cavity 2115 of the second portion 2105,
in this example, a spin welding machine is used {o hold o the first portion 2103
stationary and {0 advance the second poriion 2105 towards the first portion 2103
in an axial direction as shown by the siraight arrows in Figure 21A. As shown in
stage (a) of Figure 210, the annular wall 2111 is advanced into the annular cavity
2115 as the second portion 2105 is advanced fowards the first portion 2103, In
other examples, a spin welding machine is used to hold the second portion 2105
stationary and o advance the first portion 2103 towards the second portion 2105
in an axial direction. In further examples, a spin welding machine is used to
advance the first portion 2103 and the second portion 2105 towards each other.

[G0209] The spin welding machine advances the annular wall 2111 into the
annular cavity 2115 until the upper surface 2113 of the annularwall 2111 abuis a
lower surface of the bounding member 2121, as shown in stage (b) of Figure 210,
The spin welding machine then continues to exert a compressive force between
the first portion 2103 and the second portion 2105 in an axial direction of the
opening 2109 of the first portion 2103, In this example, the compressive force
does not significantly deform either of the container portions.

(00210} The spin welding machine temporarily rotates, at 2203, the first
portion 2103 and the second portion 2105 relative {o sach other under the
compressive force. In this example, the spin welding machine holds the first
portion 2103 stationary whilst temporarily rotating the second poriion 2105, In
other examples, a spin welding machine holds the second portion 2105 stationary
whilst rotating the first portion 2103, In further examples, a spin welding machine
temporarily rotates the first portion 2103 and the second portion 2105 in opposite
directions. The spin welding machine temporarily rotates the container portions
relative 10 one anocther at a rate such that the relative tangential speed of the
bounding member 2121 with respect {o the annular wall 2111 is sufficiently high
io cause the abutling regions of the bounding member 2121 and the annular waill
2111 to increase in temperature due 1o friction such that they become plastic. The

54



WO 2019/070264 PCT/US2017/055263

rate of rotation therefore depends on the properties of the thermoplastic material
from which the container portions are formed. The rate of rotation also depends
on the radius of the annular wall 2111 and accordingly the radius of the annular
cavity 2115, In some examples, temporarily rotating a first portion and a second
portion relative to sach comprises temporarily rotating the first portion and the
second portion at a relative angular velocity of between 100 revolutions per
rminute and 1000 revolutions per minuie. in the example of Figure 21A, the radius
of the annular wall is approximately 10cm and rotating the first portion 2103 and
the second portion 2105 relative 1o each other comprises rotating the second
portion 2105 at a raie of approximately 500 revolutions per minute.

(002113 The spin welding machine temporarily rotates the second portion
2105 relative to the first portion 2103, In particular, the spin welding machine
rotates the second portion 2105 relative 1o the first portion 2103 until a sufficient
fraction of the bounding member 2121 and the annular wall 2111 have become
plastic that the annular wall 2111 is advanced under the compressive force to a
maximum axial displacement within the annular cavity 2115, as shown in stage
(¢ of Figure 21D. The first material of the first portion 2103 and the second
material of the second portion 2105 have substantially equal melting rates,
meaning that during the time that the second portion 2105 is rotated relative to
the first portion 2103, the regions become plastic at substantially the same rate.
The melting rate of a thermoplastic material depends on the meiting temperature,
as well as the viscosity of the material. The first material of the first portion 2103
and the second material of the second portion 2105 are chosen to have
substantially the same meiting rate, although the first material and the second
material are different materiais. This ensures that the bounding member 2121 and
the annular wall 2111 become both become plastic along an interface between
the bounding member 2121 and the annularwall 2111. As the bounding member
2121 and the annular wall 2111 become plastic, the relative motion of the
bounding member 2121 and the annular wall 2111 causes the piaslic regions o
mix, forming a mixed plastic region, referred {0 as a fusing region, represented by

the shaded region in stage (¢} of Figure 21D,
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(00212} The configuration of the annular cavity 2115, in which the lip 2115
overhangs the radially outward-facing surface 2117, and the bounding member
2121 extends in a radially inward-facing direction from the lip, prevents plastic
material, referred to as weld flash, from entering the interior of the container 2101
as the second portion 2105 is temporarily rotated relative to the first portion 2103,
Preventing weld flash from eniering a container prevenis the weld flash from
contaminating the interior volumes of the container. In some examples, the
material that the container will be filled with may not be of the same type or form as the
weld flash, and in such examples it may not be acceptable for weld flash to enter
the container.

[00213] The spin welding machine arresis, at 2205, the relative rotation
hetween the first portion 2103 and the second portion 2105 at a predetermined
relative angle between the first portion 2103 and the second portion 2105. In this
example, the predetermined angle is accurate to within less than one degree.
Arresting the reiative rotation belween the first portion 2103 and the second
portion 2105 at a predetermined angle is referred 1o as clocking. In this example,
the first portion 2103 and the second portion 2105 both have integral features,
such as the material--gquiding structure 2125, and these integral features have an
alignment in order for the container {o be operable to supply printing material to a
printing system. In other examples, such as those for which at least one of the
first portion and the second portion have cylindrical symmetry, the relative motion
may be arested at an arbitrary angle.

(00214} The spin welding machine arrests the relative rotation between the
first portion 2103 and the second portion 2105 substantially instantaneocusly. This
means that the relative rotation is arrested in a time interval that is much shorter
than the time taken for the plastic maierial to cool and fuse. In this exampie, the
relative rotation is decreased from a maximum relative rate of rotation {o zero in
less than one tenth of a second. Arresting the relative rotation between the first
portion 2103 and the second portion 2105 substantially instanianeously causes
the plastic material to cool evenly, preventing the formation of particles during the
cooling process that may weaken a resuiting weld formed between the first
portion 2103 and the second portion 2105.
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(00215} After arresting the relative rotation belween the first portion 2103
and the second portion 2105, the spin welding machine holds the first portion
2103 and the second portion 2105 in place and allows, at 2207, the fusing region
to cool, thereby fusing and creating a weld between the first portion 2103 and the
second portion 2105.

[00216] in the example of Figure 21A, providing the first portion 2103
comprises forming the first portion 2103 by blow molding. Forming the first portion
2103 by blow molding resuits in the first portion having precisely-controilable
ocuter dimensions and less precisely-controllable inner dimensions. In particular,
the radially outward-facing surface of the annular wall 2111 is more precisely
cylindrical than the radially inward-facing surface of the annular wall 2111,
Therefore, the bounding member 2121 fuses with the more precisely-controlled
surface of the annular wall 2111, resulting in a more reliable weld. In other
examples, other molding processes are used to form a first portion having an
annular wall. Examples of other molding processes that may be used are
compression molding, injection molding, and structural foam molding.

[00217] in the example of Figure 214, providing the second portion 2105
comprises forming the second portion 2105 by injection molding. Forming the
second portion 2105 by injection molding resulis in precisely-controllable
dimensions of all of the surfaces of the second portion 2105. In other exampies,
other molding processes are used to form a second portion having an annular
cavity for receiving an annular wall. Examples of other molding processes that
may be used are compression molding and structural foam molding.

[00218] Due to the respeciive molding processes used fo form the first
portion 2103 and the second portion 2105, the first material that substantially
forms the first portion 2103 is more viscous than the second material that
substantially forms the second portion 2105, For blow molding, a relatively
viscous plastic material is used {o form a parison into which a gas is blown,
causing the exterior surface of the parison to adhere to the inner wall of a mold,
before the plastic material cools and solidifies. For injection molding, a less
viscous plastic material is injected into a mold such that the plastic material
entirely fills the mold, before the plastic cools and solidifies. As discussed above,
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in the example of Figure 21A, the melting rates of the first matenial and the second
material, which depend on the viscosity, are chosen to be substantially the same.

[00219] As such in ceriain examples a container for storing a printing
material such as a powdered build material is presented that comprises a biow-
molded rotatable chamber for storing the powdered build material and an
injection-moided base comprising an opening for conveying the printing material
hetween an interior and exterior of the container. In this case, the injection-
molded base is mounted within an open end of the blow-molded rotatable
chamber and the injection-molded base comprises an annular cavity that receives
an annular wall of the blow-molded rotatable chamber, wherein the blow-molded
rotatable chamber is fused o the injection-molded base via a spin wald.

(602201 Figure 23 is an exploded isometric view of an example container
2300 that combines certain features described above. The confainer comprises
a generally cylindrical chamber 2310 of diameter D, and length L. The container
has internal helical flighting 2315 on the cylindrical walls of height h, and pitch p.
The container 2300 in this example has a permanently atiached base 2320 with
a smaller opening 2325 of diameter d, in the center that is formed within a channel
structure 2330 and that is co-axial with the chamber 2310. The channel structure
2330 forms a co-axial spout feature. The base 2320 has a material-guiding
structure in the form of an internal Archimedes screw 2335, or spirai feature, that
is approximately the internal diameter of the chamber 2310 at the bottom of the
base 2320 and that transitions 10 approximately the diameter of the central
opening 2325 at the top of the base 2320, where it forms part of a botiom of the
channel structure 2330. Other exampies of this screw are shown in Figures 12A
to 12E. The channel siructure 2330 and the spiral fealure of the Archimedes
screw 2335 have an axial hole of diameter d. D may be in a range of between
150 and 250mm for a three-dimensional printing example, and L may be in a
range of between 400 and 800mm. The diameter d may be in a range of 45 t©
85mm in the same example.

(00221} The container of Figure 23 also comprises a material-conveying
member 2340 in the form of an auger valve or helix screw of diameter d and

length v. The length v may be in a range of 100 to 150mm in an example. The
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spiral auger feature of the materiai-conveying member 2340 malches the spiral
feature of the Archimedes screw 2338, Further, in the present example, the spiral
auger feature of the material-conveying member 2340 mates with and completes
the Archimedes screw when itis installed in the opening 2325 10 a depth that still
allows the material-conveying member 2340 o protrude a distance o,
representing the open position. The distance o may be in a range of 20 to 40mm
for a three-dimensional printing example. The material-conveying member 2340
further comprises g valve structure 2345 at its end. An Q-ring 2350 for the valve
structure is shown in the Figure. When the material-conveying member 2340 is
instailed fo its full depth, the valve structure 2345 forms a seal for the opening
2325. This represents a closed position of the material-conveying member 2340.
The material-conveying member 2340 may be keyed to the base 2320, eg. fo
prevent relative rotation as described above. The material-conveying member
2340 may comprise integral spring ramps and stops, so that once installed it can
then only move between closed and open positions and cannot rotate with
respect to the chamber 2310. The material-conveying member 2340 has a
washer 2355 and screw 2360 at the end of the member. These may function as
the engagement member 918 described with reference to Figures 9D and SE.
Lastly a cap 2365 may be screwed onto the channel structure 2330 to seal the
container 2300, e.9. as per cap 951 shown in Figures 9F and 9G. The cap 2365
may be tamper evident.

(00222} During operation, the container 2300 may be filled with fresh printing
material, e.q. at a site of filling and/or manufacture, and the material-conveying
member 2340 installed. In this example, the keying and other features limit future
member movements to a predefined range of axial displacement.

(00223} Examples of containers as described herein enable powdered
material to be delivered with expected, criginal properties and flow behaviors. For
example, by tumbling at various rotational speeds, powdered material in the
container can be mixed under several types of motion regimes, inciuding
slumping, rolling, cascading and cataracting. These molion regimes re-aerate and
re-mix the powder, reversing the effecis of consolidation, compaction and

segregation.
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(00224} The example containers described herein may be used for a wide
range of printing materials. For example, they may be used for a wide variety of
powder types, where each powder type may have different cohesive properties,
compaction behaviors and segregation. In cerlain examples, a container may
further comprise electronic circuitry adapied {o electronically communicate a
printing material type installed within the container {0 a printing system. For
example, a wired or wireless interface may transmit data loaded into a chip in the
container. The container may then be monitored when installed within a printing
system and rotated according to a specific routine for the printing material type
therein {e.g. a set speed and direction that has been successful at refreshing the
properties of the specific material type in the past). Once the material properties
are refreshed, the container may have a material-conveying member opened by
the printing system, e.g. as shown in Figures 90 and 9E, and then be rotated at
a speed and direction o dispense the printing material. As long as the rotational
speed is iower a speed known {o cause centrifuging, and the internal supply
surface is not rough or slecirostatically charged, a significant portion of the
printing material will be dispensed.

(00225} As well as providing benefits for printing material supply, the
example containers described herein also allow fresh or excess printing material
to be efficiently loaded baclk into the container. Fresh material may be loaded
when switching between printing material types. By feeding powder to a material-
conveying member while rotating the container in reverse al relatively low
rotational speeds, the printing material may be moved into the container by the
material-conveying member and then further into the container chamber by the
internal raised portions (e.g. the ribs or flighting).

(00226} To increase a rate and efficiency of fill, the rotational speed may be
increased such that a printing material within the container enters a centrifuging
motion regime, where the centrifugal forces on the material particles become
larger than gravitational forces. In this case, the printing material may form a tube
coating the cylindrical chamber inner walls. Printing material thatis infroduced by
the material-conveying member then moves into the chamber near the rofational
axis (where centrifugal forces are smaliest) and, once inside, moves towards the
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outer walls and flows axially 1o maintain a cylinder shape. In this case, the printing
material layer thickens as more material is introduced, and the cylinder of air in
the center of the chamber gets smaller and smaller. A rotational speed, in
revolutions per minute, 10 achieve centrifuging may be determined as a speed
equal to 42.3 divided by the square root of the inner diameter. If 3 goal is fo
remove as much excess powder from the printer as possibie, the roiational speed
can be increased to cause compaction of the material layer and thus increase the
capacity of the removal. if a goal is to remove used printing material for reuse at
a later time, or fresh material for a material change, the container can be filled o
a normal level, leaving some air volume in the inner chamber, 80 the printing
material can be refreshed by later tumbling. In either case, the material-conveying
member may be closed (e.g. by reversing the sequence shown in Figures 8D and
SE) by the printing system and released. A user may then be notified by the
printing system that they can remove the full container.

(002271 Certain examples described herein provide more efficient use of
space than comparative gravity feed hopper supplies, e.g. where the feed hopper
is fed by pouring printing material into the hopper. Gravity feed hoppers have
steep angles to ensure a flow of printing material. In the present examples,
printing material may be fed by rotating the container. As the containers may be
mounted horizontally, they avoid tall vertical feed systems and hoppers. Certain
examples described herein aiso reduce an effect of compaction by rotating the
container, which avoids manual shaking, tipping or tumbling. The containers
described in examples herein further provide a simple solution that reduces or
avoids the wear and higher complexity of internal augers and/or mixers within the
printing system. They also reduce and/or avoid the separation of printing material
that may occur with comparative vacuum sysiems.

(602281 Certain examples described herein present a container for a printing
material, e.g. in powder form, that may be instalied horizontally, rotated 10 re-mix,
re-aerate and refresh the flow properties of the material, and that may deliver the
material {0 a printing system at a controlled rate. In addition, the same container,
when coupled {0 a material supply may be arranged {0 accept printing material
from the printing system when requested, and may be filled to at least 95% of its
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internal volume while remaining in the horizontal orientation. In certain described
examples, the container has a material-conveying member, e.g. inthe form of a
central auger valve, that opens to move printing material in or out of the container
depending on the rotation direction. In ceriain described examples, a material-
quiding structure, e.g. in the form of an Archimedes screw, may be used to move
printing material between edges of the container and the axial material-conveying
member. In further examples, helical raised portions, .q. in the form of ribs or a
flighting, on the cylindrical walls may be used to move printing matenal along the
direction of the container axis. These features may be supplied individually orin
a combination of two or more components, wherein in the latter case they may
interact to provide a synergistic effect. The container may be scaled to a varisty
of sizes, while still retaining the benefits discussed herein.

[002259] The preceding description has been presented to illusirate and
describe ceriain examples. Different sets of examples have been described;
these may be applied individually or in combination for a synergetic effect. This
description is not intended {o be exhaustive or to limit these principles o any
precise form disclosed. Many modifications and variations are possible in light of
the above teaching. 1t is to be understood that any feature described in relation
to any one example may be used along, or in combination with other features
described, and may also be used in combination with any features of any other

of the examples, or any combination of any other of the examples.
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CLAIMS

What is claimed is;

1. A method of manufacturing a container for a printing material comprising:
providing a first portion of the container comprising an opening
circumscribed by an annuiar wall;
providing a second portion comprising an annular cavity, and
joining the two portions by:
advancing the annular wall info the annular cavity by applying a
compressive force in an axial direction of the opening; and
temporarily rotating the first portion and the second portion relative

to each other to fuse the first and second portions.

2. The method of claim 1, wherein the first portion is substantially formed of
a first material and the second portion is substantially formed of a second
material, the first material and the second material being different grades of a

single thermoplastic polymer.
3. The method of claim 1, wherein the first portion is substantially formed of
a first material and the second portion is substantially formed of a second

material, the first and second materials having substantially equal meliing rates.

4. The method of claim 3, wherein first material and the second material are

different materials.

5. The method of claim 1, wherein providing the first portion of the container

comprises forming the first portion by blow molding.

8. The method of daim 1, wherein providing the second portion of the

container comprises forming the second portion by injection molding.
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7. The method of daim 1, wherein rotating the first portion and the second
portion relative to each other comprises rotating the first portion and the second
portion relative to each cother at a relative angular velocity of between 100

revolutions per minute and 1000 revolutions per minute.

8. The method of claim 1, comprising arresting a relative rotation between
the first portion and the second portion at a predetermined relative angle between

the first portion and the second portion.

9. The method of claim 1, wherein temporarily rotating the first portion and
the second portion relative 10 sach other comprises holding one of the first portion
and the second portion stationary and temporarily rofating the other of the first

portion and the second portion.

10, The method of claim 1, wherein the annular cavity is configured to prevent

weld flash from entering the container.

11. A portion of a container for a printing material, the portion comprising an
annular cavity for receiving an annular wall,

wherein a bounding member of the annular cavity is operable to fuse with
the annular wall when the annular wall is temporarily rotated relative to the portion
within the annular cavity under a compressive force in an axial direction of the

annular cavity.

12.  The portion of claim 11, wherein the bounding member is operable to fuse

with an outer surface of the annular wall.
13.  The portion of claim 11, wherein the annular cavity is bounded by a radially

ocutward-facing surface of the portion and by a lip that overhangs the radially

ocutward-facing surface of the portion.
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14, The portion of claim 13, wherein the lip comprises an annular member
extending into the annular cavily for fusing with an outer surface of the annular

wall,

15, A container for storing a printing material comprising:

a blow-molded chamber for storing the printing material; and

an injection-molded base comprising an opening for conveying the printing
material between an interior and exterior of the container,

wherein the injection-molded base is mounted within an open end of the
blow-molded chamber,

wherein the injection-molded base comprises an annuiar cavily that
receives an annular wall of the blow-molded chamber, and

wherein the blow-molded chamber is fused to the injection-molded base

via a spin weld.



WO 2019/070264 PCT/US2017/055263

o
-
-

-

FIG. 1
200

¥
N
[
<

\%\zm

100




WO 2019/070264 PCT/US2017/055263

2125

v 301
320 e v o o o

g o=
e

310 310
220
o 302
320 C T
1 DU N — B
Lo m§m e -
310
- 303
100
\izzo
320




WO 2019/070264 PCT/US2017/055263

3125

v 401

410

320

\21\220

100 100

& 402

320 g 420

\21\220

100 100




WO 2019/070264

610

PCT/US2017/055263

< 501
510
545 540
< 502
520
240 550
FIG. 5
800
r'd

Rotate Container in a First Direction

620

'

r Y

Rotate Container in a Second Direction

FIG. 6



WO 2019/070264 PCT/US2017/055263

5125

705

FIG. 7A

FIG. 7B
715

712

712

710 710
FIG. 7C



WO 2019/070264 PCT/US2017/055263

6/25

\\!
|3
(&3]

710

728 726b

FIG. 7D

721

701

726a

726b

730
FIG. 7TE



WO 2019/070264 PCT/US2017/055263

7125

801

\\%\ Translate valve structure from proximal position

804

to distal position

:

Rotate storage container about shared axis

805

FIG. 8



WO 2019/070264 PCT/US2017/055263

8/25

801

8903

906 _

FIG. 3A

901 FIG. 9B

903
910 _ -

806

FIG. 9C



WO 2019/070264 PCT/US2017/055263

9/25

o]
R
[#)]

[\ 901

816

918 508

FIG. 9D

015 /\ 801

916

918 \

906

FIG. 9E



WO 2019/070264 PCT/US2017/055263

10/25

8951

™~ 955

8957

FIG. 9F

FIG. 9G



WO 2019/070264 PCT/US2017/055263

11/25

1001

T\

1004

Translate valve structure o proximal position

1005 \E\ é

Exert contact force

FiG. 10
1115
1120\% \%\ o 1o
o,
1135
~ 1110
1150
1120 o 1102

FIG. 11



WO 2019/070264 PCT/US2017/055263

12/25

V2

1201

1201
1203

ot Fig. 128
213




WO 2019/070264 PCT/US2017/055263

13125

1205

1201

Fig. 12C



WO 2019/070264 PCT/US2017/055263




WO 2019/070264

1243

1233

1304

1305

PCT/US2017/055263

1249

Fig. 12F

o 1301

Frovide container with scoop

:

Rotate container

FIG. 13



PCT/US2017/055263

WO 2019/070264

16/25

1401

1402

1404

1405

FIG. 14

¢ \ L}
(e )
B o % §
| — i

A e e
b= 7y
R X
#- i
L =
ko= o

FIG. 15



WO 2019/070264 PCT/US2017/055263

17125

1601

T
1605
- 1604
e
16086
FIG. 16A

1606

FIG. 16B



PCT/US2017/055263

WO 2019/070264

18/25

1601

1606

FIG. 16C

1700

©
(]
~
—

o

G. 17

F



WO 2019/070264 PCT/US2017/055263

19/25

1802

FIG. 18A

1807

FIG. 18B



WO 2019/070264 PCT/US2017/055263

1900
e AN h
1902
1901
Sn mx X U G0 000 wen men aen e e We s man mon aen e oo o oo oo §
FIG. 19

Convey printing powder along an axis from a

closed end of the container {0 an open end of

\E\ the container via a set of helical ribs formed in
the inner surface of the container

2002 é
=

Transfer printing powder from the container into
a powder-guiding structure having an opening
in a plane containing the axis, wherein a
distance between the inner surface and a side
wall of the opening is spanned by a raised
portion within the inner surface.

2001

FIG. 20A



WO 2019/070264 PCT/US2017/055263

21125

2010

Align a planar portion of printing powder
container comprising an elongate cylindrical
chamber with a planar surface of an insertion
channel of a powder supply station of a printing
system

:

insert printing powder container into insertion
channel of powder supply station

v

Couple opening of printing powder container o
powder supply station

J

Rotate printing powder container within the
powder supply station to convey powder, via an
inner structure of the elongate cylindrical
chamber, between the printing powder
container and the printing system.

2011

2012

2013

2014

prooy M)

FIG. 20B



WO 2019/070264 PCT/US2017/055263

22125

2123

2105 —

%ﬁ22115

2107 b 2101

2111

21035

2109 Fig. 21A



WO 2019/070264

PCT/US2017/055263

2128

2127

(d)

kp\\2139

/

2135

2145
2141

Fig. 21C

;‘Zf}";

2143



WO 2019/070264 PCT/US2017/055263

(b) (c)

J {nny
N\ 2121 '

2115

Fig. 21D

Advance annular wall into annular 2201

cavity

¥

Rotate portions relative to each other
under compressive force

2203

A4

. . 2205
Stop rotating portions at

predetermined relative angle

¥

2207

AR

Alow fusing regions to cool and fuse

Fig. 22



WO 2019/070264 PCT/US2017/055263

FIG. 23

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

International application No.

PCT/US 2017/055263

A CLASSIFICATION OF SUBJECT MATTER

B29C 64/255 (2017.01)
B29C 65/80 (2006.01)

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 41/00, 64/255, 65/80

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)

PatSearch (RUPTO internal), USPTO, PAJ, Esp@cenet, DWPI, EAPATIS, PATENTSCOPE, Information Retrieval System of
FIPS

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 4584037 A (COSDEN TECHNOLOGY) 22.04.1986, col. 5-7, claims 1-3, fig. 1,5-7,11, 15
Y " 2-4, 8-10, 12-14
Y US 2010/0159274 A1 (GM GLOBAL TECHNOLOGY OPERATIONS LLC) 2-4,9-10, 12-14

24.04.1995, [0008], [0015], [008], [0022]-[0023], fig. 1-3

Y US 4599768 A (ILLINOIS TOOL WORCS INC) 15.07.1986, col. 4, fig.1, 2. 8
A US 2001/0045678 A1 (MINOLTA CO. LTD) 29.11.2001 1-15

D Further documents are listed in the continuation of Box C. D See patent family annex.

* Special categories of cited documents: “T” later document published after the international filing date or priority

“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

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

18 July 2018 (18.07.2018)

Date of mailing of the international search report

09 August 2018 (09.08.2018)

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. Artemiev

Telephone No. (499) 240-25-91

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




	Page 1 - front-page
	Page 2 - front-page
	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 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - description
	Page 59 - description
	Page 60 - description
	Page 61 - description
	Page 62 - description
	Page 63 - description
	Page 64 - description
	Page 65 - claims
	Page 66 - claims
	Page 67 - claims
	Page 68 - drawings
	Page 69 - drawings
	Page 70 - drawings
	Page 71 - drawings
	Page 72 - drawings
	Page 73 - drawings
	Page 74 - drawings
	Page 75 - drawings
	Page 76 - drawings
	Page 77 - drawings
	Page 78 - drawings
	Page 79 - drawings
	Page 80 - drawings
	Page 81 - drawings
	Page 82 - drawings
	Page 83 - drawings
	Page 84 - drawings
	Page 85 - drawings
	Page 86 - drawings
	Page 87 - drawings
	Page 88 - drawings
	Page 89 - drawings
	Page 90 - drawings
	Page 91 - drawings
	Page 92 - drawings
	Page 93 - wo-search-report

