wo 20197013746 A1 | 0E 000 RO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
17 January 2019 (17.01.2019)

(10) International Publication Number

WO 2019/013746 A1l

WIPO I PCT

(51) International Patent Classification:

B29C 64/10 (2017.01) B33Y 10/00 (2015.01)
B29C 64/393 (2017.01) B33Y 50/02 (2015.01)
(21) International Application Number:
PCT/US2017/041340
(22) International Filing Date:
10 July 2017 (10.07.2017)
(25) Filing Language: English
(26) Publication Language: English

(71) Applicant: HEWLETT-PACKARD DEVELOPMENT
COMPANY, L.P. [US/US]; 11445 Compaq Center Drive
W., Houston, Texas 77070 (US).

Inventors: LEBRON, Hector; 16399 W Bernardo Dr.,
San Diego, California 92127 (US). WRIGHT, Jake;
16399 W Bernardo Dr., San Diego, California 92127 (US).
SCHRAMM, Morgan T.; Columbia Tech Center, 1115 SE
164th Ave, Columbia Center, Suite 210, Vancouver, Wash-
ington 98683 (US). SHEPHERD, Matthew A.; Columbia

a2

74

62y

(84)

Tech Center, 1115 SE 164th Ave, Columbia Center, Suite
210, Vancouver, Washington 98683 (US).

Agent: LEMMON, Marcus B. et al.; HP INC,, 3390 E.
Harmony Road, Mail Stop 35, Fort Collins, Colorado 80528
(US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH,CL,CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM,KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,

(54) Title: DETERMINING DISTRIBUTION PATTERNS FOR OBJECT PORTIONS

Form layer of build material

b~ 102

Distributing print agent using first distribution pattern

b~ 104

Distribute print agent using second distribution pattern

¥~ 106

Heat build material by exposing layer to radiation to
cause fusing of the first and second portions

"~ 108

Fig. 1

(57) Abstract: In an example, a method includes forming a layer of build material, processing a first portion of the build material by
distributing a print agent using a first distribution pattern, the first distribution pattern having a first print agent dispersion characteristic
and processing a second portion of the build material by distributing a print agent using a second distribution pattern, the second
distribution pattern having a second print agent dispersion characteristic. The method may further include heating the build material by
exposing the layer of build material to radiation so as to cause fusing of the first and second portion.

[Continued on next page]



WO 2019/013746 A1 {00000 OO

MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:
— as to the identity of the inventor (Rule 4.17(i))

— as to applicant’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

Published:
—  with international search report (Art. 21(3))



10

15

20

25

30

WO 2019/013746

DETERMINING DISTRIBUTION PATTERNS FOR OBJECT PORTIONS

BACKGROUND

[0001] Three-dimensional (3D) printing is an additive manufacturing process in
which three-dimensional objects may be formed, for example, by the selective
solidification of successive layers of a build material. The object to be formed may be
described in a data model. Selective solidification may be achieved, for example, by
fusing, binding, or solidification through processes including sintering, extrusion, and
irradiation. The quality, appearance, strength, and functionality of objects produced by
such systems can vary depending on the type of additive manufacturing technology
used.

BRIEF DESCRIPTION OF DRAWINGS

[0002] Non-limiting examples will now be described with reference to the
accompanying drawings, in which:

[0003] Figure 1 is an example of a method of generating an object using
additive manufacturing;

[0004] Figures 2A, 2B and 2C show different example print agent distribution
patterns;

[0005] Figures 3A and 3B show examples of segmented objects;

[0006] Figures 4A and 4B show examples of how lightness may vary with
distribution pattern;

[0007] Figure 5 shows an example of how strength may vary with distribution
pattern;

[0008] Figures 6 and 7 are examples of apparatus for processing data relating
to additive manufacturing; and

[0009] Figure 8 is an example of a machine readable medium in association
with a processor.

PCT/US2017/041340
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DETAILED DESCRIPTION

[0010] Additive manufacturing techniques may generate a three-dimensional
object through the solidification of a build material. In some examples, the build
material may be a powder-like granular material, which may for example be a plastic,
ceramic or metal powder. The properties of generated objects may depend on the type
of build material and the type of solidification mechanism used. Build material may be
deposited, for example on a print bed and processed layer by layer, for example within
a fabrication chamber.

[0011] In some examples, selective solidification is achieved through directional
application of energy, for example using a laser or electron beam which results in
solidification of build material where the directional energy is applied. In other
examples, at least one print agent may be selectively applied to the build material, and
may be liquid when applied. For example, a fusing agent (also termed a ‘coalescence
agent’ or ‘coalescing agent’) may be selectively distributed onto portions of a layer of
build material in a pattern derived from data representing a slice of a three-dimensional
object to be generated (which may for example be generated from structural design
data). The fusing agent may have a composition which absorbs energy such that, when
energy (for example, heat) is applied to the layer, the build material coalesces and
solidifies to form a slice of the three-dimensional object in accordance with the pattern.
In other examples, coalescence may be achieved in some other manner.

[0012] Another example of a print agent is a coalescence modifying agent
(which may also be referred to as a modifying or detailing agent), which acts to modify
the effects of a fusing agent and/or energy applied for example by inhibiting, reducing
or increasing coalescence and/or to assist in producing a particular finish or
appearance to an object. A property modification agent, for example comprising a dye,
colorant, a conductive agent, an agent to provide transparency or elasticity or the like,
may in some examples be used as a fusing agent or a modifying agent, and/or as a
print agent to provide a particular property for the object

[0013] Additive manufacturing systems may generate objects based on
structural design data. This may involve a designer generating a three-dimensional
model of an object to be generated, for example using a computer aided design (CAD)
application. The model may define the solid portions of the object. To generate a three-
dimensional object from the model using an additive manufacturing system, the model
data can be processed to generate slices in parallel planes of the model. Each slice
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may define a portion of a respective layer of build material that is to be solidified or
caused to coalesce by the additive manufacturing system.

[0014] Figure 1 shows an example of a method of generating an object using
additive manufacturing in which print agent is dispersed according to distribution
patterns. The distribution patterns may in some examples comprise ‘micro-patterns’
which are below the normal visual perception of the human eye, and in which the
dispersion characteristics of the application at least one print agent may be controlled.
Different print agent distribution patterns may have different print agent dispersion
characteristics, for example, different clustering in the applied print agent. For example,
the size (volume) and/or separation of cluster elements (i.e. ‘dots’ of print agent, for
example fired from an inkjet style print agent distributor) and/or the size and separation
of clusters of print agent elements may differ between distribution patterns.

[0015] Distribution patterns may have an effect on appearance properties (for
example, as further set out below, some distribution patterns may affect the brightness
of colors) and mechanical and/or functional properties (for example, some distribution
patterns may result in a stronger or less brittle object than other distribution patterns).

[0016] Block 102 comprises forming a layer of build material. For example, the
layer of build material may be formed of a granular material, such as a granular plastic
material, for example using a roller and/or spreader or the like.

[0017] Block 104 comprises processing a first portion of the build material by
distributing a print agent using a first distribution pattern having a first print agent
dispersion characteristic and block 106 comprises distributing a print agent using a
second distribution pattern having a second print agent dispersion characteristic.

[0018] In some examples, these blocks may be carried out in the opposite
order, or in an overlapping timeframe. For example, a printhead may be scanned over
the surface of a layer of build material, and depending on the location of the print head
above the layer, it will dispense print agent according to the first and second distribution
pattern, in some examples switching between the two on multiple occasions. In some
example, distributing a print agent is carried out using a print agent distributor, for
example a print head which may dispense print agent using ‘inkjet’ techniques or the
like, and which may for example move relative to the layer of print agent, and may
perform at least one printing pass of the layer of build material.

[0019] In some examples, one of the distribution patterns may comprise a print
agent dispersion characteristic specifying a regular dispersion, without significant
clusters and voids between clusters where few print agent dots are applied, whereas

PCT/US2017/041340
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another of the distribution patterns may comprise having a print agent dispersion
characteristic specifying that clusters of print agent dots are applied to a layer in close
proximity with one another and there are voids between the clusters (i.e. portions of the
build material which is left at least substantially clear of print agent dots). The
separation of the clusters may be controlled to provide a particular distribution pattern.

[0020] It may be noted that, in addition, there may be a print agent pattern
related the shape of the slice of the object to be formed in that layer of build material
(e.g. a fusing agent may be dispensed in one region of build material which is intended
to fuse to form the object, and not in another, which is not intended to form part of an
object). The print agent distribution pattern relates to how the print agent is dispersed
within such an object slice pattern.

[0021] Block 108 comprises heating the build material by exposing the layer of
build material to radiation so as to cause fusing of the first and second portion. For
example, this may comprise exposing the layer to a heat source such as a heat lamp.
In some examples, heating is carried out at least partially concurrently with print agent
distribution (for example, a print agent distributor may comprise, or be in close proximity
to, a heat source).

[0022] As mentioned above, the first and second distribution patterns may be
associated with a print agent dispersion characteristic relating to a particular cluster
element size, cluster size and/or cluster separation of the distributed print agent, and or
with a ‘blanket’ or an unstructured, substantially continuous distribution.

[0023] Figure 2A shows ‘blanket’ or even distribution of print agent: the print
agent dots are applied so as be approximately evenly dispersed, i.e. each dot is around
the same distance from its nearest neighbour in each direction. Figure 2B shows a
distribution having a first cluster size and cluster separation and Figure 2C shows a
second cluster size and cluster separation. Figure 2B and 2C have roughly the same
coverage (for example, both patterns may, on average, have X dots of print agent
applied thereto), but in Figure 2B, the clusters formed are larger and therefore more
separated. Each cluster may comprise at least one print agent dot, or cluster element.
In some examples, each cluster may in practice be made up of a number or cluster
elements, or dots, which are not distinguishable in the Figure.

[0024] In both Figure 2A and 2C, when compared to Figure 2A, the distance of
the nearest neighbouring dots of a particular print agent dot may vary: for example, for
a dot on the edge of a cluster, the nearest neighbour to one side may be close, being in
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the same cluster, but the nearest neighbour to the other side may be relatively distant,
being separated therefrom by a void.

[0025] For example, the clusters within distribution patterns may vary in size
between around 20um and 500um in diameter, between around 20pym and 300um or
between around 40um and 170um in diameter. Dots, or cluster elements, may be
around 10-50um in diameter. The size of the dots or cluster elements (i.e. the cluster
element diameter) may also vary between patterns.

[0026] When heat is applied to the object layer, the build material in the voids
may at least partially fuse as a result of heat transfer from adjacent areas. However, in
some examples, as is set out below, it may remain partially unfused, which may
contribute to properties such as the brightness of a color.

[0027] In the example of Figure 1, there are two portions of a layer of build
material, each of which receives print agent according to a different distribution pattern.
However in another example, there may be further portions which may receive print
agents according to a different selected distribution pattern. For example, the method
may comprise processing a third portion of the build material by distributing a print
agent using a third distribution pattern having a third print agent dispersion
characteristic. In some examples, the portions may be nested portions, with one portion
being formed at least partially within another. The nesting of the portions may be
complete or partial (i.e. a peripheral portion may extend around the entire perimeter of
a core portion or an inner peripheral portion, or around just a portion of the perimeter).
In some examples, peripheral portion(s) may form shell(s) around a core portion.

[0028] Figure 3A shows an example of a representation of a 3-dimensional
object 300, in this example a sphere, formed into portions. In this example, there is a
core portion 302 surrounded by two concentric shell-like portions 304, 306. For the
purpose of discussion, the object 300 may be considered to be represented in a
manner similar to a ‘geological model’, having a core (core portion 302), a mantel (inner
shell portion 304) and a crust (outer shell portion 306).

[0029] Although in this example, the core portion 302 (i.e. a non-hollow portion)
is substantially central with in the object 300, this need not be the case in all examples.
In addition, while the portions 304, 306 in this example are concentric and the
boundaries thereof follow the contours of the surface of the object 300, they need not
be in all examples. Indeed in some examples, there may be a plurality of object core
portions 302 around which portions 304, 306 are formed. The portions may be
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irregular, varying in width and shape, in some examples independently of the shape of
the object.

[0030] Figure 3B shows a representation of a slice 308 of an object to be
generated. In this example, the object comprises an elongate structure with a narrow
central section 310 and two wider end sections 312a, 312b. In this example, a core
portion 314 and two concentric outer portions 316, 318 extends to either end of the
object via the central section 310.

[0031] The processed core portion 314, first portion 316 and second
portion 318 (and any additional portions) may form, respectively, parts of a first and
second and third structure of a multi-structured 3D object, and be formed using
selected distribution patterns with print agent dispersion characteristics which may
differ between portions 314, 316, 318. For example, print agent may be applied with the
uniform dispersion of Figure 2A to the core 314, print agent may be applied with the
clustering as shown in Figure 2B to the first portion 316 and print agent may be applied
with the clustering as shown in Figure 2C to the second portion 318.

[0032] In this example, there is a further portion 320 formed outside the object.
To continue the example of a geological model above, this portion 320 may be thought
of as comprising the ‘atmosphere’ of the object, and fusing agent may be applied
thereto. The distribution pattern of the fusing agent may also be determined according
to intended behaviours, for example the intended appearance properties.

[0033] Where slices of the object are formed into portions, this may be carried
out independently for different slices. For example, a core portions in one slice may be
aligned with, partially aligned with, or non-overlapping to a core portion in a previous or
subsequent slice. Different slices may have differing numbers of portions.

[0034] Differentiation between nested object portions when determining object
generation control instructions may have a number of uses in additive manufacturing.
For example, when printing 3D color objects, there may be trade-offs between the
intended color of the object and the mechanical properties of the objects. Higher
density 3D objects that have significant mechanical strength and functionality can be
produced when a greater amount of thermal energy is applied to the build material for
fusing the layers together. The amount of thermal energy available for fusing depends
in part on the intensity with which the fusing agent absorbs the radiation, and the
radiation absorptivity of the fusing agent depends in part on the color of the fusing
agent. For example, the absorption intensity of near-infrared dye-based fusing agent
with cyan, magenta, or yellow (C, M, or Y) color dye is generally lower than that of, for
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example, carbon black-based fusing agent which is an effective absorber of energy.
However, adding large amounts of fusing agent may darken the color (in the case of
carbon black) or increase costs (in some examples of low-tint fusing agent). Therefore,
the level of fusing of the build material may be lower for 3D printed color objects than it
is for similarly produced 3D printed black objects, which results in color objects having
lower densities and less mechanical strength and functionality than comparable black
objects.

[0035] Thus, in some examples, a colored portion could be determined about a
core portion which is fused using carbon black, such that the core may provide the
object strength and the colored outer portion provides the intended appearance.
However, the color gamut of resulting object may be reduced by the surface visibility of
the underlying core portion (which may be particular the case for partially transparent
outer layers). Providing at least one intermediate portion may allow for a more gradual
transition of properties (e.g. from black to colourful).

[0036] While the example of color has been used here, the same is true for
other properties. for example, an object may be generated comprise a core which is
relatively strong but may be relatively brittle: over lying shells of increasing reliance
towards the surface may protect the core from shattering more effectively than a single
resilient portion surrounding the core by absorbing energy while giving an intended
surface resilience. The resilience of such shells could therefore be determined on a
portion-by-portion basis.

[0037] In addition to choices such as a type or an amount of print agent which
may be applied, and other instructions such as the heat levels used during object
generation, another aspect of the object generation control instructions which may be
determined is the choice of distribution pattern.

[0038] Different distribution patterns provide different effects, as is now
discussed in relation to Figure 4A and Fig 4B. Figures 4A and 4B represent the
performance for different distribution patterns used to generate objects in the ‘Lab’
color space, which describes colors in three dimensions: L evaluates lightness, while a
and b evaluate color: ‘a’ for a green—red axis and ‘b’ for a blue—yellow axis. A high L
may be sought as it is associated with vibrant colors. The lines shown link an average
top L value and an average bottom L values for a lower face of the object and an upper
face of the object. Due to the nature of additive manufacturing techniques, there may
be differences in appearance of these faces. In some examples, graphs with a
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relatively shallow slope may be sought as it suggests greater color consistency may be
achieved over an object, i.e. faces may appear similar to one another.

[0039] Figure 4A considers an object in which the first portion is an outer shell
portion of the object formed about a core. The shell has a first thickness, which is
consistent over the object. In this example, a ‘low-tint’ fusing agent was applied to the
outer shell at a given coverage (which may be specified as a percentage, e.g., 4% of
the surface area of the shell in a layer, and/or with a given concentration), the low-tint
fusing agent example comprising a Caesium Tungsten Bronze, or a Caesium Tungsten
oxide composition, which are paler in color than carbon black fusing agents, but with a
varying print agent distribution pattern. Line 402 shows the lightness of an object
generated by applying print agents with clusters made up of cluster elements (i.e. print
agent dot) of diameter 2*d1 with a cluster center-to-center spacing of 8*d1 (where d1 is
may be on the order of 1/1200" of an inch, or may be configured to provide a print
resolution of at least 700 dots per inch (dpi), and in some examples at least 1000dpi).
The clusters may for example be around 40um in diameter. Line 404 shows the
lightness when an object was formed with a cluster element size of diameter 2*d1 and
a cluster center-to-center spacing of 4*d1, line 406 shows the lightness for an object
formed by printing cluster elements with diameter 2*d1 and a center-to-center spacing
of 4*d1 and line 408 shows the lightness for an object was formed by printing clusters
with diameter d1 (i.e. a smaller dot) and a center-to-center spacing of 4*d1. Line 410
shows ‘control’ data, using a blanket coverage of print agent (i.e. having a regular
distribution). As can be seen by comparing lines 404 and 406 to line 402, as the cluster
separation decreases, the slope increases and the overall lightness reduces. This may
be because the distribution pattern becomes closer to the equivalent of a ‘blanket’
fusing agent layer. Without being bound by theory, this may be because more of the
build material, which in the case is a plastic powder which appears white when
unfused, remains, contributing to the brightness of the object.

[0040] Both lines 402 and 408 represent printed patterns having relatively large
voids relative to the dot size when compared to the other distribution patterns (i.e. as
defined above, for 402 a cluster separation of 8*d1 rather than 2*d1 or 4*d1), and
exhibit reasonable flatness with a relatively high level of lightness.

[0041] In this example, the core is printed with a blanket coverage of carbon
black based fusing agent.

[0042] Figure 4B shows a similar behaviour, but in this case the same micro
patterning was applied over a greater thickness of the object (i.e. to a greater depth
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below the surface) - in other words, the shell has a second thickness which is greater
than the first thickness, the core again being printed with a blanket coverage of fusing
agent. Otherwise, the lines represent the clustering behaviour as set out above. It may
be noted that in this case, the data relating to line 402 (i.e. relating to the clusters have
a diameter of center-to-center spacing of 8*d1) indicates that the brightness of the
object exceeds the threshold level, resulting in the production of a highly colorful object.

[0043] Figure 5 shows the ultimate tensile strength in mega-Pascals (MPa) for
test parts corresponding to those of Figure 4A and 4B. Bars 502-508 relate to micro
patterns of a test object made with fusing agent applied to the second, thicker, shell
thickness (i.e. the thickness modelled in Figure 4B) and bars 510-516 relate to micro
patterns applied to the first, thinner, shell thickness (i.e. the thickness modelled Figure
4A). Bars 502 and 510 show a strength for a test object printed with cluster element
size of 2*d1 and a separation of 8*d1, bars 504 and 512 show a strength for a test
object printed with a cluster element size of 2*d1 and a separation of 6*d1, bars 508
and 516 shows a strength for a part printed with a cluster element size of 2*d1 and a
separation of 6*d2 and bars 508 and 516 shows a strength for a part printed with a
cluster element size of d1 and a separation of 4*d1.

[0044] As can be seen from the trend for 502 to 506 and 510 to 514, as the
print agent pattern becomes tighter, the strength generally increases. As can be seen
from bar 502, printing a sparse micro pattern of print agent to a significant depth
reduces the strength of the test object considerably.

[0045] Thus, both the choice of the pattern and the extent of the region to which
it is applied may be selected in order to achieve a particular object property.

[0046] While some distances and dimensions have been specified herein,
these are purely by way of example. In some examples, the clusters may be 84um to
170um in diameter/center-to-center spacing. In some examples, the center-to-center
cluster spacing may be less than 500um, or less than 300um, or less than 200um. As
noted above, the spacing may be below a visibility/perception threshold for a human
eye.

[0047] In summary therefore, while printing in separated clusters may result in
bright colors, this may compromise other properties such as the strength of the object.
By using different print agent distribution patterns for different portions of the object, a
trade-off may be improved. For example, in the centre of an object, a blanket or uniform
print agent application may be used to provide strength and structural integrity,
whereas a clustered pattern including voids may be used in an outer region, to a depth
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which may be specified to achieve a particular intended colourfulness. In some
examples, an outer region (e.g. a surface shell) may comprise clusters with relatively
large separations and an intermediate region (e.g. a sub-surface shell) may comprise
clusters with smaller separations, providing some color benefits to the outer region (for
example, improving a brightness or hue gamut of the outer region) while also being
relatively strong compared to such brighter outer layers. Other properties such as
ductility (part elongation at break) strength, and surface roughness may also be
affected by the choice of distribution pattern.

[0048] Therefore, in some examples, a first distribution pattern is denser, or
more uniform, (e.g. comprises smaller voids) than a second distribution pattern and the
first portion is within (i.e. further from object surface) the second portion.

[0049] Determining which distribution pattern to select for a given object portion
may be based on object geometry (i.e. the distribution pattern selection may be a
function of object geometry, and in some examples, local object geometry) and may
comprise determining a local feature size, or the cross sectional area of the object at a
location, as if further set out below. In another example, determining the pattern to
select may be based on the location of a region within an object, with inner regions
being treated differently to outer regions. In some examples, the different distributions
patterns may be determined to provide an intended property gradient and/or a quality
specification. In some examples, the distribution pattern selection may be a function of
a property stated for the object and in some examples, a local object property. For
example, it may be determined that an outer portion is to be more sparsely patterned
(i.e. having larger voids) when a color quality specification is high and/or when a color
specified for the portion is a light color than when the colour quality specification is low
and/or the target color is dark. In another example, a distribution pattern for a portion
may be determined so as to provide a threshold parameter in a particular first property
(e.g. strength) and the distribution pattern(s) for remaining portion(s) may be
determined so as to, for example, optimise a second property (e.g. colorfulness) given
the constraint to the first parameter.

[0050] The portions may be determined for an object as a whole or may be
determined for a ‘slice’ of the object which may correspond to a layer of the object to be
generated in a layer-by-layer additive manufacturing process.

[0051] Other aspects of print agent application may be selected on a portion by
portion basis, for example a coverage of a print agent, or a choice of a print agent (for
example, a low-tint fusing agent which may allow a more colourful object to be formed
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over a dark print agent, such as a print agent comprising carbon black components,
which may be a more efficient thermal absorber). In some examples, such aspects may
vary within a portion.

[0052] In some examples, the distribution pattern may be selected so as to set
graduations in a change in a characteristic.

[0053] In some examples, a lower-tint fusing agent may be used in place of
carbon black, which may increase a gamut of colors available for an object. However,
where such an alternative fusing agent is a less efficient thermal absorber, less readily
available and/or more expensive (either in itself or in that more agent or energy may be
applied to allow fusing temperatures to be reached), it use may be controlled, such that
it is used in just those circumstances where it provides a particular benefit such as
colorfulness. For example, its use may be constrained to the outer segment(s) in which
the colorfulness can be seen.

[0054] In some examples, therefore, providing different distribution patterns for
the different portions allows for processing of each portion to provide different
characteristics: for example, a core may be patterned to provide high density and high
mechanical strength, and may be surrounded by an external shell structure which is
patterned in a manner which provides a lower strength but high quality vivid color. At
least one intervening portion may obscure or reduce the effect of a dark core on such a
vivid outer segment. In addition to a selection of a print agent distribution pattern, each
portion within an object (or parts of each portion) can be processed using different 3D
print processing parameters (including for example, print agent coverage levels, print
agent selection and the like) chosen to achieve intended characteristics for that portion.

[0055] In some examples, as mentioned above, the distribution pattern selected
may depend on the local part geometry. For example, for smaller features of the object
(for example, points, extensions, detailed or convoluted regions), there may be two
regions, which may be relatively densely covered whereas with larger features of the
object there may be more regions, and a greater variability in the clustering/dot size
from blanket coverage to large, well separated clusters. The visual specifications for
color may differ over an object: portions of the object which are unlikely to be visible in
normal use, or which are relatively small or geometrically complex (the human eye
being relatively less sensitive to color variations over such areas) may in some
examples be printed with a lower quality standard applied to color without unduly
sacrificing the color quality of the object as a whole. In another example, the bottom
section of an object may have different dimensional tolerances or strength properties
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than the top of a part, and therefore a distribution pattern in such a region may be
selected accordingly. A volume of an object portion to which a blanket coverage is
applied may be increased in such an object section. As the strength of a very fine
feature is normally weaker than parts with a larger cross-section, any object portion to
which a blanket coverage is applied (for example, a core) may for example constitute a
relatively large proportion of a densely patterned, or blanket coverage cross-sectional
area of the object at such a point (which may for example sacrifice colorfulness,
although as noted above, this may be less visually impactful for smaller areas).

[0056] In some examples, there may be first, second and third object portions,
wherein the first section is formed at least partially within the second portion, which is in
turn formed at least partially within the third portion. In such an example, the first
portion may be printed with a print agent according to a substantially continuous
coverage, the second portion may be printed with a pattern having print agent clusters
of a first separation and the third portion may be printed with a pattern having print
agent clusters of a second separation. In some examples, the size of continuous
portions of build material to which print agent is not applied (i.e. voids between clusters)
may increase towards the outer portions. In some examples, the size of a cluster
and/or cluster element may also vary between portions.

[0057] Figure 6 is an example of an apparatus 600 comprising processing
circuitry 602, the processing circuitry 602 comprising a print agent distribution pattern
determination module 604. The print agent distribution pattern determination
module 604, in use of the apparatus, determines a distribution pattern for a print agent
in object generation, the distribution pattern for an object portion having a print agent
dispersion characteristic and being determined based on at least one of a distance of
the object portion from an object surface, an object geometry and an intended object
property. The determination may comprise selecting a defined pattern from a set of
distribution patterns, and/or may comprise determining a pattern having particular
clustering behaviour, for example based on an algorithm.

[0058] For example, the determination may be made based on a data model of
an object to be generated in additive manufacturing. Such data may for example be
stored in or received from a memory, received over a network, received over a
communications link or the like. In some examples, such a data model may for example
comprise object model data and object property data. The model data may define a
three-dimensional geometric model of at least a portion of the model object, including
the shape and extent of all or part of an object in a three-dimensional co-ordinate
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system, e.g. the solid portions of the object. In some examples, the data model may
represent the surfaces of the object, for example as a mesh. The object model data
may for example be generated by a computer aided design (CAD) application. Object
property data may define at least one object property for the three-dimensional object
to be generated. In one example, the object property data may comprise any or any
combination of a color, flexibility, elasticity, rigidity, surface roughness, porosity, inter-
layer strength, density, transparency, conductivity and the like for at least a portion of
the object to be generated. The object property data may define multiple object
properties for a portion or portions of an object. If no object property data is present the
object may have some default properties based on the build material and print agents
used.

[0059] In some examples, the print agent distribution pattern determination
module 604 is to determine the distribution pattern for an object portion based on a size
of an object feature comprising the object portion. For example, as discussed above, a
relatively small object feature may comprise a relatively large portion of dense or
substantially continuous distribution pattern. In other examples, the print agent
distribution pattern determination module 604 is to determine the distribution pattern for
an object portion based an object property associated with the object portion, for
example to provide a threshold strength, colorfulness, resilient, conductivity or the like.
In some examples, the pattern is determined by selecting at least one of (i) a cluster
element size, (ii) a cluster size/separation, (iii) a density of the pattern. As noted above,
these properties may impact the strength or other properties of the object formed. In
some examples, the print agent distribution pattern determination module 604 is to
determine a plurality of agent application distribution patterns for an object layer (i.e. a
layer formed in layer-by-layer additive manufacturing processes). For example, the print
agent distribution pattern determination module 604 may determine different
distribution patterns for each of a plurality of object portions, which may be at least
partially nested within one another.

[0060] Figure 7 shows an example of an apparatus 700 comprising processing
circuitry 702 which comprises the print agent distribution pattern determination
module 604 as well as an object portion determination module 704 and a control
instruction module 706. The apparatus 700 further comprises an object generation
apparatus 708.

[0061] In use of the apparatus 700, the object portion determination
module 704 segments a data model of the object into a plurality of object portions
based on at least one of a size of an object feature comprising the portions and an
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object property associated with the portions, and the print agent distribution pattern
determination module 604 determines a print agent distribution pattern for each of the
portions. For example, these may comprise nested portions as shown in Figure 2A and
2B.

[0062] In some examples, the object portion determination module 704 may
segment a virtual build volume comprising at least a portion of the object into a plurality
of nested object portions comprising a core portions and at least one peripheral
portions. Determining the portions may comprise determining the extent of the
peripheral portions(s) and/or the overall number of portions.

[0063] The virtual build volume may for example comprise a boundary box
enclosing the object, may be the size and shape of the object (i.e. follow the surfaces of
the object), and/or represent at least part of a build volume in which the object is to be
fabricated. In some examples, the virtual build volume may comprise one or more
‘slices’, each of which may represent a layer of the object to be fabricated in layer-by-
layer additive manufacturing of the object.

[0064] In some examples, there may be a plurality of nested peripheral
portions. Such portions may be peripheral to an inner peripheral portions or to a core.

[0065] The nesting of the portions may be complete or partial (i.e. a peripheral
portions may extend around the entire perimeter of the core portions or an inner
peripheral portions, or around just part of the perimeter). In some examples, peripheral
portions may form shells around a core portions.

[0066] In use of the apparatus 700, the control instruction module 706
generates control instructions for generating an object using the print agent distribution
pattern for the object portions. In some examples, the generation of control instructions
uses different processing parameters for different portions. For example, the additive
manufacturing control instructions for each portion may be generated using different
processing parameters, and determining the instructions may for example comprise
determining if a selection of at least one fusing agent is allowed, where the available
fusing agent and/or the amount to be applied, which parameters may for example be
different between the segmented portions. The processing parameters for an inner
portion may for example allow selection of a ‘carbon black’ fusing agent (in some
examples in combination with a lower-tint fusing agent), whereas surface portion may
allow selection of a lower-tint fusing agent and not carbon black fusing agent. An outer
portion may allow selection of colorants to give access to a larger color gamut than an
interior segmented portion. In some examples therefore, the processing parameters
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may specify accessible print agents, print agent combination(s), and/or print agent
amounts which may differ between object portions. In some examples, the processing
parameters may be held in the form of a mapping resource such as a look-up table or
mapping algorithm used to identity print agent amounts and/or combinations to apply to
an object region corresponding to a particular object portion, with different mapping
resources being associated with different segmented portion.

[0067] The object generation apparatus 708 is to generate the object according
to the control instructions, and may to that end comprise additional components such
as a print bed, build material applicator(s), print agent applicator(s), heat source(s) and
the like, not described in detail herein.

[0068] Figure 8 is an example of a tangible machine readable medium 800 in
association with a processor 802. The machine readable medium 800 stores
instructions 804 which, when executed by the processor 802, cause the processor 802
to carry out processes. The instructions 804 comprise instructions 806 to segment at
least a portion (e.g. a slice) of a data model of an object to be generated in three-
dimensional object generation into a plurality of nested structures. The instructions 804
further comprise instructions 808 to assign a print agent distribution pattern having a
print agent dispersion characteristic for generation of each structure. For example, the
structures may comprise nested portions, as shown in Figure 3A and 3B.

[0069] In some examples, the instructions 804 may comprise instructions to
cause the processor 802 to assign the print agent distribution patterns based a depth of
a structure within the object (i.e. a distance from the object surface) and a density of
the distribution pattern, such that denser distribution patterns (or those with smaller
voids, or without voids) are associated with deeper structures than with structures
closer to the surface of an object.

[0070] In some examples, the instructions 804 may comprise instructions to
cause the processor 802 to determine control instructions for generating an object by
applying a first set of processing parameters to a first structure and a second set of
processing parameters to a second structure.

[0071] Examples in the present disclosure can be provided as methods,
systems or machine readable instructions, such as any combination of software,
hardware, firmware or the like. Such machine readable instructions may be included on
a computer readable storage medium (including but is not limited to disc storage, CD-
ROM, optical storage, etc.) having computer readable program codes therein or
thereon.
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[0072] The present disclosure is described with reference to flow charts and
block diagrams of the method, devices and systems according to examples of the
present disclosure. Although the flow diagrams described above show a specific order
of execution, the order of execution may differ from that which is depicted. Blocks
described in relation to one flow chart may be combined with those of another flow
chart. It shall be understood that various blocks in the flow charts and block diagrams,
as well as combinations thereof, can be realized by machine readable instructions.

[0073] The machine readable instructions may, for example, be executed by a
general purpose computer, a special purpose computer, an embedded processor or
processors of other programmable data processing devices to realize the functions
described in the description and diagrams. In particular, a processor or processing
apparatus may execute the machine readable instructions. Thus functional modules of
the apparatus and devices (such as the print agent distribution pattern determination
module 604, object portion determination module 704 and control instruction
module 706.) may be implemented by a processor executing machine readable
instructions stored in a memory, or a processor operating in accordance with
instructions embedded in logic circuitry. The term ‘processor’ is to be interpreted
broadly to include a CPU, processing unit, ASIC, logic unit, or programmable gate array
etc. The methods and functional modules may all be performed by a single processor
or divided amongst several processors.

[0074] Such machine readable instructions may also be stored in a computer
readable storage that can guide the computer or other programmable data processing
devices to operate in a specific mode.

[0075] Such machine readable instructions may also be loaded onto a
computer or other programmable data processing devices, so that the computer or
other programmable data processing devices perform a series of operations to produce
computer-implemented processing, thus the instructions executed on the computer or
other programmable devices realize functions specified by flow(s) in the flow charts
and/or block(s) in the block diagrams.

[0076] Further, the teachings herein may be implemented in the form of a
computer software product, the computer software product being stored in a storage
medium and comprising a plurality of instructions for making a computer device
implement the methods recited in the examples of the present disclosure.

[0077] While the method, apparatus and related aspects have been described
with reference to certain examples, various modifications, changes, omissions, and
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substitutions can be made without departing from the spirit of the present disclosure. It
is intended, therefore, that the method, apparatus and related aspects be limited by the
scope of the following claims and their equivalents. It should be noted that the above-
mentioned examples illustrate rather than limit what is described herein, and that those
skilled in the art will be able to design many alternative implementations without
departing from the scope of the appended claims. Features described in relation to one
example may be combined with features of another example.

[0078] The word “comprising” does not exclude the presence of elements other
than those listed in a claim, “@” or “an” does not exclude a plurality, and a single
processor or other unit may fulfil the functions of several units recited in the claims.

[0079] The features of any dependent claim may be combined with the features
of any of the independent claims or other dependent claims.
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CLAIMS

1. A method comprising:

forming a layer of build material,

processing a first portion of the build material by distributing a print agent using a
first distribution pattern, the first distribution pattern having a first print agent dispersion
characteristic; and

processing a second portion of the build material by distributing a print agent
using a second distribution pattern, the second distribution pattern having a second
print agent dispersion characteristic; and

heating the build material by exposing the layer of build material to radiation so as
to cause fusing of the first and second portion.

2. A method according to claim 1 in which the first and second print agent
dispersion characteristics are different print agent clustering characteristics.

3. A method according to claim 1 wherein the first distribution pattern is more
uniform than the second distribution pattern and the first portion is within the second
portion.

4, A method according to claim 1 further comprising

processing a third portion of the build material by distributing a print agent using a
third distribution pattern, the third distribution pattern having a third print agent
dispersion characteristic.

5. An apparatus comprising processing circuitry, the processing circuitry
comprising:

a print agent distribution pattern determination module to determine a print
agent distribution pattern having a print agent dispersion characteristic for a print agent
in object generation, the print agent distribution pattern for an object portion being
determined based on at least one of:

a distance of the object portion from an object surface;

an object geometry; and

an intended object property.
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6. An apparatus according to claim 5 in which the print agent distribution pattern
determination module is to determine the print agent distribution pattern for an object
portion based on a size of an object feature comprising the object portion.

7. An apparatus according to claim 5 in which the print agent distribution pattern
determination module is to determine the print agent distribution pattern for an object

portion based a color associated with the object portion.

8. An apparatus according to claim 5 in which the print agent distribution pattern
determination module is to determine a pattern by selecting a print agent dispersion
characteristic comprising at least one of:

a cluster element diameter of the pattern

a cluster size and/or separation of the pattern

a density of the pattern.

9. An apparatus according to claim 5 in which the print agent distribution pattern
determination module is to determine a plurality of agent application distribution
patterns having different print agent dispersion characteristics for an object layer.

10. An apparatus according to claim 5 further comprising an object portion
determination module to segment a data model of an object into a plurality of object
portions based on at least one of a size of an object feature comprising the object
portions and an object property associated with the object portions, and wherein the
print agent distribution pattern determination module is to determine a print agent

distribution pattern for each of the portions.

11. An apparatus according to claim 5 in which the processing circuitry further
comprises a control instruction module to generate control instructions for generating
an object using the print agent distribution pattern for the object portion.

12. An apparatus according to claim 11 further comprising an object generation
apparatus to generate the object according to the control instructions.

13. A machine readable medium storing instructions which, when executed by a
processor, cause the processor to:
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segment at least a portion of a model of an object to be generated in three-
dimensional object generation into a plurality of nested structures; and
assign a print agent distribution pattern having a print agent dispersion

characteristic for generation of each structure.

14, A machine readable medium according to claim 13 further storing instructions
which, when executed by a processor, cause the processor to:

assign the print agent distribution pattern based a depth of a structure within the
object and a density of the print agent distribution pattern, such that denser distribution

patterns are associated with deeper structures.

15. A machine readable medium according to claim 13 further storing instructions
which, when executed by a processor, cause the processor to:
determine at least one print agent distribution pattern based on at least one

object property intended for the object.
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