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GENERATING THREE-DIMENSIONAL OBJECTS

BACKGROUND

{06811 Additive manufacturing systems thatl generale three-dimensional objects on a
layer-by-laver basis have been proposed as a potentially convenient way o produce
three-dimensional objects. The guality of objects produced by such syslems may vary
widely depending on the type of additive manufacturing technology used.

BRIEF DESCRIPTION

Some examples are described with respect o the following figures:

[0002] FIG. 1aiilustrates a system for generating a three-dimensional object according
to some examples;

{0063} FIG. 1k is a flow diagram Hlustrating a method according 1o some examples;
[0004] FIG. 1o is a block diagram iHlusiraling a non-transitory compuler readable
storage medium according 1o some examples;

{O005] FIG. 2 is a simpiified isometric llustration of an additive manufacturing system
according 1o some examples;

[0008] FIG. 3 is a flow diagram illustrating a method of generating a three-dimensional
ohiect according 1o some examples;

{0007} FIGS. 4a-h show a series of cross-sectional side views of layers of build
material according 1o some examples; and

[0008] FIGS. 8a-d, 63-¢, and 7a-c show a series of cross-sectional side views of layers
of build material and build material distributors in which corrective actions are
performed according to some examples.

DETAILED DESCRIPTION

{06891 The following terminoclogy is undersiood to mean the following when recited by
the specification or the dlaims. The singular forms “a,” "an,” and “the” mean “one or
more.” The terms “including” and "having” are intended o have the same inclusive
meaning as the term “comprising.”

[000610] Some additive manufaciuring systems generate three-dimensional obiects
through the solidification of portions of successive layers of build material, such as a
powderad, liquid, or fiuidic builld material. The properties of generated objects may be
dependent on the type of build material and the type of solidification mechanism used.

In some examples, sdlidification may be achieved using a binder agent which binds
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and solidifies build material into a binder matrix, which is a mixiure of generally
sgparate particles or masses of build material that are adhesively bound together by
a binder agent. In other examples, solidification may be achieved by temporary
application of energy to the build material. This may, for example, involve use of a
coalesding agent, which is a malerial that, when a suitable amount of energy is applied
to a combination of build material and coalescing agent, may cause the build material
to coalesce and solidify. In some examples, a multiple agent additive manufacturing
system may be used such as that described in PCT  Application No.
PCT/EP2014/050841 filed on January 16, 2014, entiled "GENERATING A THREE-
DIMENSIONAL OBJECT™, the entire contents of which arg hereby incorporated herein
by reference. For example, in addition to selectively delivering coalescing agent to
layers buiid material, coalescence modifier agent may also be selectively delivered to
lavers of bulld material. A coalescence modifier agent may serve 1o modify the degree
of coalescence of a portion of build material on which the coalescence modifier agent
has been delivered or has penetrated. In yet other examples, other methods of
solidification may be used, for example selective laser sintering (SLS), light
polymerization, among others. The examples described herein may be used with any
of the above additive manufacturing systems and suitable adaptations thereof.
{00011} In some examples, builld material may experience a defect, e.g. during the
build process. Build material experiencing a defect means that the build material has
an unintended configuration or shape. For example, the build material in a delivered
layer may include an accumulation {e.g. a presence of build material in a volume not
intended to include build material) or a hole {(e.g. an absence of build malerial in a
volume intended to include build material), or the build material distributor may include
an accumulation of build material. Accordingly, the present disclosure provides
examples for correcting a defect or preventing a component of the system from
impacling a defect.

{00012] FiG. 1a is a block diagram illustrating a system 100 of generating a three-
dimensional object according to some examples. A sensor 102 may be o detect a
height profile of build material for generating the three-dimensional object. A controlier
104 may be o delermine 106 thatl a defect of the build material exists based on data
received from the sensor and relating o the height profile of the build material. The

controller may be 1o instruct 108 the system {¢ corrgct the defect or to prevent the
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defect from impacting a compoenent of the system. The coniroller may be to control
110 the system o selectively solidify a portion of a layer of the build material delivered
by a build material distributor.

{80013 FIG. 1b is a flow diagram #lustraling a method 120 according to some
examples. At 122, a sensor may detect a shape or configuration of build material for
generating a three-dimensional object. At 124, a confroller may determine thal a defect
of the build material exists based on the detected shape or configuration of the build
material. Al 126, a build malerial distributor may deliver a layer of build material. The
laver of build material may be selectively solidifiable by delivery of agent or by
application of energy thersto. Al 128, the defect may be corrected or prevenied from
impacting a component of the system.

{00014] FiG. 1c is a block diagram illustrating a non-transitory computer readable
storage medium 140 according o some sxamples. The non-transitory computer
readable medium 140 may include executable instructions 142 that, when executed
by a processor, may cause the processor 1o control a ranging sensor 1o detect a height
profite of build material for generaling a three-dimensional object. The non-transitory
computer readable medium 140 may include executable instructions 144 that, when
executed by a processor, may cause the processor o receive data relating fo the
detected height profile of the build material from the ranging sensor. The non-transitory
computer readable medium 140 may include executable instructions 146 that, when
execuled by a processor, may cause the processor 10, based on the received data,
determing that the build material includes an accumulation or a hole. The non-
transitory computer readable medium 140 may include execuiable insfructions 148
that, when executed by a processor, may cause the processor 1o control a system for
generating the three-dimensional object to correct the accumulation or the hole or
control the system to prevent the accumulation from impacting a component of the
system. The non-transitory computer readable medium 140 may include executable
instructions 150 that, when executed by a processor, may cause the processor o
conirol the system to selectively solidify a portion of a layer of the build material
delivered by a build material distributor.

[00015] FiG. 2 is a simplified isometric iHustration of an additive manufacturing system

200 according o some examples. The sysiem 200 may be operated, as described
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further below with reference {o the flow diagram of FIG. 3 o generale a three-
dimensicnal object.

[00018] In some gxamples the builld material may be a powder-based build material.
As used herein the ferm powder-based materials is intended to encompass both dry
and wet powder-based materials, particulate materials, granular, and fluidic materials.
In some examples, the build material may include a mixiure of air and solid polymer
parficles, for example at a ratic of about 40% air and about 60% solid polymer
parficles. One suitable material may be Nylon 12, which is available, for example, from
Sigma-Aldrich Co. LLC. Another suitable Nylon 12 material may be PA 2200 which is
available from Electro Optical Systems EQS GmbH. Other examples of suitable build
materials may includs, for example, powdered metal materials, powdersd composite
malerials, powdered ceramic malerials, powdered glass matlerials, powdersd resin
material, powdered polymer mailerials, and the like, and combinations thereof. Il
shouid be understood, however, that the examples described herein are not limited o
powder-based materials or 1o any of the materials listed above. In other examples the
build material may be in the form of a paste, liquid or a gel. According to one example
a suitable build material may be a powdered semi-crysialline thermoplastic material.
{80017} The addilive manufacturing system 200 may include a system coniroller 210,
Any of the operations and methods disclosed herein {e.g. in FiG. 3) may be
implemented and controlled in the additive manufacturing system 200 and/or controlier
21G. The controller 210, as undersiood hergin, comprises (1} a non-transitory
computerreadable storage medium comprising instructions to perform operations and
methods disclosed herein, and a processor coupled o the non-ransiiory computer-
readable storage medium o execute the instructions or (2) circuitry to perform the
operations and methods disclosed herein.

{00018} The controlier 210 may include a processor 212 for executing instructions that
may implement the methods described herein. The processor 212 may, for example,
be a microprocessor, a microcontroller, a programmable gate array, an application
specific integrated circuit (ASIC), a computer processor, or the like. The processor 212
may, for example, include mulliple cores on a chip, mulliple cores across multiple
chips, mulliple cores across multiple devices, or combinations thereof. In some
examples, the processor 212 may inciude at least one integrated circuit {IC), other

contral logic, other electronic circuits, or combinations thereof.
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[00618] In some examples, the controlier 210 may support direct user interaction. For
example, the addilive manufacturing system 200 may include user input devices
coupled to the processor 212, such as a keyboard, touchpad, butions, keypad, dials,
mouse, frack-ball, card reader, or other input devices. Additionally, the additive
manufacturing system 200 may include output devices coupled 0 the processor 212,
such as a liquid crystal display (LCD), video monitor, touch screen display, a light-
emitting diode (LED), or other oulpui devices. The output devices may be responsive

to instructions to display textual information or graphical data.

[00020] The processor 212 may be in communication with a computerreadable
storage medium 216 via a communication bus. The computer-readable siorage
medium 216 may include a single medium or mulliple media. For example, the
computer readable storage medium 216 may inciude one or both of a memory of the
ASIC, and a separate memory in the controller 210. The computer readable storage
medium 2186 may bs any slectronic, magnetic, optical, or other physical siorage
device. For example, the compuler-readable slorage medium 216 may be, for
example, random access memory {RAM), static memory, read only memory, an
electrically erasable programmable read-only memory {(EEPROM), a hard drive, an
oplical drive, a storage drive, a CD, a DVD, and the like. The computer-readable
storage medium 216 may be non-transitory. The computer-readable storage medium
216 may siore, encods, or carry computer executable instructions 218 thai, when
executed by the processor 212, may cause the processor 212 to perform any of the
methods or operations disciosed herein according to various examples. in other
examplas, the conirolier 210 may not include a computer-readable storage medium
218, and the processor may comprise circuitry o perform any of the methods or
operations disclosed herein without executing separate instructions in a compuler
readable storage medium,

{68021] The systerm 200 may include a coalescing agent distributor 202 o selectively
deliver coalescing agent (o successive layers of build material provided on a support
member 204, According o one non-limiting exampie, a suilable coalescing agent may
be an ink-type formulation comprising carbon black, such as, for example, the ink
formulation commercially known as CMOO7A available from Hewlett-Packard
Company. In one example such an ink may additionally comprise an infra-red light

absorber. in one exampie such an ink may additionally comprise a near infra-red light
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absorber. In one example such an ink may additionally comprise a visible light
absorber. In one example such an ink may additionally comprise a UV light absorber.
Examples of inks comprising visible light enhancers are dye based colored ink and
pigment based colored ink, such as inks commercially known as CM883A and
CED42A avaiiable from Hewlett-Packard Company.
{00022} The controller 210 may control the selective delivery of coalescing agent o a
layer of provided build material in accordance with the instructions 218.
{00823] The agent distributor 202 may be a printhead, such as a thermal inkjet
printhead or a piezo inkjet printhead. The printhead may have arrays of nozzles. in
one example, printheads such as those commonly used in commercially available
inkiet printers may be used. In other examples, the agents may be dslivered through
spray nozzles rather than through printheads. Other delivery mechanisms may be
used as well. The agent distributor 202 may be used {0 seleclively deliver, e.q. deposll,
coalescing agent when in the form of suitable fluids such as a liguid.
[00824] The coalescing agent distributor 202 may include a supply of coalescing agent
or may be connectable 1o a separate supply of coalescing agent.
[00025] The agent distributor 202 may be used to sslectively deliver, ¢.g. deposi,
coalescing agent when in the form of & suitable fluid such as liquid. In some sxamples,
the agent distributor 202 may have an array of nozzies through which the agent
distributor 202 is able {o selectively gject drops of fiuid. In some sxamples, sach drop
may be in the order of about 10 pico liters (ph) per drop, although in other examples
the agent distributor 202 is able to dsliver a higher or lower drop size. In some
examples the agent distributor 202 is able {0 deliver variable size drops.
[00628] In some examples the coalescing agent may comprise a liquid carrier, such as
water or any cther suitable solvent or dispersant, to enable it 1o be delivered via a
printhead.
{00027] In some examples the printheads may be drop-on-demand printhead. in other
examplas the printhead may be continuous drop printhead.
[00028] In some sxamples, the agent distributor 202 may be an integral part of the
systemn 200. In some exampies, the agent distribulor 202 may be user replaceabls, in
which case they may be removably insertable into a suitable agent distributor receiver

or interface module of the system 200,
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[00829] In the example illustrated in FIG. 2, the agent distributor 202 may have alength

that enables it to span the whole widih of the support member 204 in a so-called page-
wide array configuration. In one example this may be achieved through a suitable
arrangement of multiple printheads. In other examples a single printhead having an
array of nozzies having a length o enable them {0 span the width of the support
member 204 may be used. In other examples, the agent distributor 202 may have a
shorter length that dogs not enable it {0 span the whole width of the support member
204.

[00630] The agent distributor 202 may be mounted on a moveable carriage to enable
it to move bi-directionaily across the length of the support 204 along the illustrated y-
axis. This enables selective delivery of coalescing agent across the whole width and
tength of the support 204 in 2 single pass. In other examples the agent distributor 202
may be fixed, and the support member 204 may move relative (o the agent distributor
202.

[00631] In other examples the agent distributors may be fiked, and the support member
204 may move relative to the agent distributors.

{60032] It should be noted that the term ‘width’ used herein is used {0 generally denote
the shortsst dimension in the plane parallel to the x and v axes illustrated in FIG. 2,
whilst the term ‘length’ used herein is used o generally denote the longest dimension
in this plans. However, it will be understood that in other examples the term ‘widthy
may be interchangeable with the term ‘length’. For example, in other examples the
agent distributor 202 may have a length that enables them to span the whole length
of the support member 204 whilst the moveable carriage may move bi-directionally
across the width of the support member 204,

{00033] In another example the agent distributor 202 does not have a length that
enables it o span the whole width of the support member but are additionally movable
bi-diractionally across the widih of the support member 204 in the illustrated x-axis.
This configuration enables selective delivery of coalescing agent across the whole
width and length of the support 204 using multiple passes. Other configurations,
however, such as a page-wide array configuration, may enable thres-dimensional
ohiects o be created faster.

[00034] The system 200 may further comprise a build material distributor 224 o

provide, e.g. deliver and/or deposi, successive layers of build material on the support
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member 204. Suitable build malerial distributors 224 may include, for example, a wiper
blade and a roller. Build material may be supplied 1o the build material distributor 224
from a hopper or build material store. In the example shown the build material
distributor 224 moves across the width (x-axis) of the support member 204 o deposit
a layer of build material. As previously described, a layer of build malerial will be
deposited on the support member 204, whereas subsequent layers of build material
wiil be deposited on a previously deposited layer of build material. The build material
distributor 224 may be a fixed part of the system 200, or may not be a fixed part of the
system 200, instead being, for example, a part of a removabie module. In some
examples, the build material distributor 224 may be mounted on a carriage.

{000358] In some examples, the thickness of each layer may have a value selected from
the range of between about 50 to about 300 microns, or about 90 to about 110 microns,
or about 250 microns, although in other examples thinner or thicker layers of build
material may be provided. The thickness may be controlled by the controlier 210, for
example based on the instructions 218,

[00G36] In some exampies, there may be any number of additional agent distribuiors
and build material distributors relative {0 the distributors shown in FIG. 2. In some
examples, the some distributors of system 200 may be located on the same carriage,
sither adjacent {0 sach other or separated by a short distance. In other examples, two
or more carriages each may conlain a distributor. For example, sach distributor may
be located in its own separate camriage. Any additional distributors may have similar
features as those discussed earlier with reference 1o the coalescing agent distribuior
202, However, in some examples, different agent distributors may deliver different
coalescing agents and/or coalescence modifier agents, for example.

f30037] In the example shown the support 204 is moveable in the z-axis such that as
new layers of bulld material are deposited a predetermined gap is maintained between
the surface of the most recently deposited layer of build material and lower surface of
the agent distributor 202. In other examples, however, the support 204 may not be
movable in the z-axis and the agent distributor 202 may be movable in the z-axis.

[00G38] in some examples, the system 200 may include a cleaning station 236 for the
build malerial distributor 224. For example, the build material distribulor 224 may
movable across the x-axis to be siationed at the cleaning station 236 which may

include any suitable components for cleaning accumulated build material off of the
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build material distributor 224, The deaning station may include automated cleaning
componenis for automatic cleaning, or manual deaning componenis for a user 1o use
for manual cleaning. In an example, the cleaning station 236 may include a fabric on
which the build material distributor {e.g. a roller) rolls to release an accumulation. In
examples, the cleaning siation 236 may include brushes, vibrating tools, or any other
suitable components.,

[00038] in some examples, the system 200 may include a leveling tool 234 to cause
build material on the support member 204, In some examples, the leveling tool 234
rmay be (o vibraie the support member 204 o cause leveling. In some examples, the
leveling tool 234 may be o tilf the support members 204 in cycles of opposing
directions until the build material is sufficiently leveled {s.g. the leveling tocl 234 may
be an Archimedes’ sorew to cause the tilling). Other types of leveling tools may be
used as well

{00040] The system 200 may additionally include an engrgy source 226 1o apply energy
to build material to cause the solidification of portions of the build material according
to where coalescing agent has been deliverad or has penelrated. In some examples,
the energy source 226 is an infra-red {IR) radiation source, near infra-red radiation
source, halogen radiation source, or a light emilling dicde. In some examples, the
gnergy source 228 may be a single energy source that is able to uniformly apply
energy to build material deposited on the support 204, In some examples, the energy
source 226 may comprise an array of energy sources.

[000641] In other exiamples, the energy source 228 may be o apply energy in a3
substantially uniform manner to a portion of the whole surface of a layer of build
raterial. For example, the energy source 226 may be {0 apply energy 1o a strip of the
whole surface of a layer of build material. In these examples, as shown in FIG. 2, the
gnergy scurce may be moved or scanned across the layer of build material, e.g. along
the x-axis, such that a substantially equal amount of energy is ultimately applied across
the whole surface of a layer of build material.

[00842] In some examples, the energy source 226 may be {o apply energy in a
substantially uniform manner to the whole surface of a layer of build material. in these
examples the energy source 226 may be said to be an unfocused energy source. In
these examples, a whole laver may have energy applied therelo simultaneaously, which

may help increase the speead at which a thres-dimensional object may be gensrated.
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[00843] in some examples, the energy source 226 may be mountad on the moveable
carriage, for example the same carriage on which the build material distributor 224 is
mounted.

{00044} In other sxamples, the energy source 226 may apply a variable amount of
energy as i is moved across the layer of bulld material, for exampie in accordance
with instructions 218, For example, the controlier 210 may conirol the enerqy source
only to apply energy to portions of build material on which coalescing agent has been
applied.

[00045] In further examples, the energy source 226 may be a focused energy source,
such as a laser bgam. In this example the laser beam may be controlled 1o scan across
the whole or a portion of a layer of build material. In these examples the laser beam
may be controlled o scan across a layer of build material in accordance with agent
delivery control data. For example, the laser beam may be controlled to apply energy
to those portions of a layer of on which coalescing agent is delivered.

[00048] The combination of the energy supplied, the build material, and the coalescing
agent may be selected such that, excluding the effects of any coalescence bleed: i)
portions of the build material on which no coalescing agent have been delivered do
not coalesce when snsrgy is temporanly applied thereto; i) portions of the build
material on which only coalescing agent has been delivered or has penstrated
coalesce when energy is lemporarily applied thereto do coalesce.

[00047] The system 200 may additionally include a heater 230 {o emit heal io maintain
build material deposited on the support 204 within a predetermined temperature range.
The heater 230 may have any suilable configuration. One example is shown in FIG.
2, which is a simplified isomelric lllustrafion of a healer 230 for an additive
manufacturing system according to some examples. The heater 230 may have an
array of heating unils 232, as shown in Fig. 2. The heating units 232 may be each be
any suitabie healing unil, for example a heat lamp such as an infra-red lamp. The
heating units 232 may have any suitable shapes or configurations such as rectangular
as shown in FIG. 2. In other examples they may be circular, rod shaped, or bulb
shaped, for example. The configuration may be oplimized o provide a homogensous
heal distribution toward the area spanned by the build material. Each healing unit 232,
or groups of heating units 232, may have an adjustable current or voltage supply to

variably control the local energy density applied to the build material surface.

10
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{00G48] Each healing unit 232 may correspond {o iis own respective area of the build

material, such that each heating unit 232 may emit heat substantially toward its own
area rather than areas covered by other heating units 232, For example, each of the
sixtean heating units 232 may heat one of sixtgen different areas of the build material,
where the sixieen areas collectively cover the entire area of the build material.
However, in some examples, sach heating unit 232 may ailso emil, {0 a lesser exient,
some heat which influences an adjacent area.

[00048] In some examples, additionally or alternatively o the heater 236, a2 heater may
be provided below the platen of the support member 204 to conductively heat the
support member 204 and thereby the build material. The conductive heater may be to
uniformiy heat the build material across its area on the support member 204.

[00058] The system 200 may additionally include sensors 228a-b which may be o
detect radiation or acoustic waves, for example. The sensors 228a-b may be oriented
generally centraily and facing generally directly toward the build material, such thatthe
optical axis of the camera targets the center line of the support member 204, {o allow
a generally symmetric capture of radiation or acoustic waves from the build material
This may minimize perspective distortions of the builld material surface, thus
minimizing the nesd for corrections. Additionally, the sensor 228a-b may, for example,
be to (1) capture radiation or acouslic waves over a wide region covering an entire
laver of build material, for example by using suitable magnification, (2) caplure a series
of measurements of the entireg layer which are laler averaged, or {3) capiure a series
of measurements each covering a portion of the layer that together cover the entire
layer. In some examples, the sensors 228a-b may be in fixed locations relative io the
support member 204, but in other examples may be moveable i other components,
when moving, disrupt the line of sight between the sensors 228a-b and the support
member 204.

{00051] In some examples, each of the sensors 228a-b may comprise an array of
sensors. Each of the sensors in the array may correspond 1o iis own respective area
of the build material, such that each sensor in the array may perform measurements
on its own area rather than areas corresponding o other sensors in the array. The
array of sensors 228a may coliectively cover the enlire area of the build material.
Similarly, the array of sensors 228b may collectively cover the entire area of the build

material. In some examples, both radiation and acoustic sensors may be ussd.
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[00G52] In some examples, the sensor 228a may, for example, be a point contactiess
temperature sensor such a thermopile, or such as a thermographic camera. In other
examples, the sensor 228a may include an array of fixed-location pyrometers which
each capture radiation from a single area of the build material. In other examples, the
sensor 228a may be a single pyrometer which may be operable {0 sweep or scan over
the entire area of the build material. Any other type of sensors may also be used that
may be suitable for a determination of temperature of build material. The sensor 228a
may be o capture a radiation distribution, for example in the IR range, emiited by each
point of the build material across the area spanned by the build material on the support
member 204, The temperature sensor 228a may oulput the radiation distribution to
the controller 210, which may determine a temperature distribution across the build
material based on known relationships, such as a black body distribulion, between
temperature and radiation intensity for the material used as the build material. For
example, the radiation freguencies of the radiation distribution may have their highest
intensities at pariicular values in the infra-red (IR) range. This may be used fo
determine the temperature distribution comprising a plurality of temperalures across
the build material. In some examples, rather than the overhead configuration of the
sensor 228a as shown in FIG. 2, the sensor 228a may be located in any other suitable
location in the system 200, for exampie it may be coupled o the support member 204.
{00053] In some examples, the sensor 228b may be any sensor suitable 1o detect a
height profile of build material. In some examples, the sensor 228b may be a ranging
sensor, and may compriseg, for exampls, an acoustic sensor, dicde emitter, radar, IR,
or any other ranging sensor. The ranging sensor may be to delermine the time of flight
of an acoustic wave or radialion emilted from the sensor 228b and then delected by
the sensor 2280 after reflection by the build material. However, sensors ¢ther than
ranging sensors may be used to detect a height profile of the build material. In some
examples, rather than the overhead configuration of the sensor 228k as shown in FIG.
2, the sensor 228b may be located in any outer suitable location in the system 200,
for example it may be coupled 1o the support member 204,

{00854] The controlier 210 may obiain or generale agent delivery control data which
ray define for each slice of the three-dimensional object {0 be generaled the portions
or the locations on the build material, if any, at which agent is {0 be delivered. The

agent delivery control data may be siored as part of the instructions 218.
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{00G55] In some examples, the agent delivery control dala may be generaled based
on object design dala representing a three-dimensional model of an object © be
generated, andfor from object design data representing properties of the object. The
model may define the solid portions ¢of the object, and may be processed by the three-
dimensional object processing system o generate slices of parallel planes of the
model. Each slice may define a portion of a respective layer of build material thatis o
be solidified by the additive manufacluring system. The object property data may
defing properties of the object such as densily, surface roughness, strength, and the
fike.

[00058] The object design data and object property data may be received, for example,
from a user via an input device 220, as input from a user, from a software driver, from
a software appilication such as a computer aided design {CTAD) application, or may be
obtained from a memory storing default or user-defined object design data and objsct
property data.

[00857] The agent delivery control data may describe, for each layer of build material
to be processed, locations or portions on the build material at which coalescing agent
is 1o be delivered. In one example the locations or portions of the build material at
which coalescing agent is 1o be delivered are defined by way of respective patterns.

{00058] FiG. 3 is a flow diagram illusirating a method 300 of generaling a three-
dirmensional object according to some examples. In some examples, the orderings
shown may be varied, some elements may occur simultanecusly, some elements may
be added, and some elements may be omitled.

[00G58] In describing FIG. 3, reference will be made to FIGS. 2, 4a-h, ba-d, 6a-¢, and
7a-¢. FIGS. 4a-h show a series of cross-sectional side views of layers of build material
according to some examples. FIGE. Sa-d, 8a-e, and 7a-¢ show a series of cross-
sectional side views of layers of build material and build material distributors in which
corrective actions are performed according to some examples.

{00060] At 302, data representing the three dimensional object may be generated or
obtained by the controller 210. “Data representing the three dimensional object” is,
defined herein to include any data defining the object from, e.g. its Initial generation
as a three dimensional object model, to its conversion into shice dala, and o its

convarsion info a form suilable for controlling an agent distribuior such as agent
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delivery control data. Such data is aiso defined to include data used an agent
distributor io define which nozzles of an agent distributor to use.

[00061] At 304, a layer 402b of build material may be provided, as shown in FIG. 4b.
For example, the controller 210 may control the build material distributor 224 to provide
the layer 402h on a previcusly compleled laver 402a (completed e.g. at FIG. 4a) on
the support member 204 by causing the build material distributor 224 to move along
the x-axis as discussed earlier. The completed laver 402a may include a solidified
portion 406. Although a completed laver 402a is shown in FIGS. 4a-h for illustrative
purposes, it is understood that 304 to 330 may initiailly be applied o generale the first
layer 402a.

[G0062] In the example of FIGS. 4b, example defects 410, 412, and 414 of build
material are shown. In some examples, the defects may be caused by errors in any
element of method 300 including delivery of build material, heatling of build material,
delivery of agents to build material, and/or application of energy to build material. in
some examples, the defects may be caused by a malfunction of any of the components
of the system 200 described sarlier relative 1o FIG. 2 as well as other components not
shown. Defect 410 is an acoumulation of build material on the layer 402b, defect 412
is a hole in the layer 402b, and defect 414 is an accumulation of build material on the
build material distribufor 224, Defects 410, 412, and 414 may resull from e.g. an error
during distribution of build material at 304 by the build malerial distributor 224, In
various exampies, FIG. 5a shows layer 402b having defect 410, FIG. 6a shows layer
402b having defect 412, and FIG. 7a shows build material distributor 224 having defect
414.

[00063] At 306, a determinatlion may be made regarding whether a defect exists in the
build material, e.g. in laver 402b, in the obiect being generated, andfor on the build
material distributor 224.

[00064] The sensor 228a may delect a property, ©.g. emilted radiation, of the build
material used for a delermination of temperature, and the sensor 228b may detect a
height profile of build material e.g. configuration or shape of build material {such
detection may involve detecting time of flight of radiation or acoustic waves). Data from
the sensors 228a-b may be received by the controller 210,

[00065] In some examples, if the sensor 228b is a ranging sensor, the data from sensor

228b may represent a longer time of flight of an acoustic wave or radiation used for
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detection than expected in the location of the hole defect 410. In other examples, the
data may represent other properties associated with a height profile of the hole defect
416G, Thus, bassed on the daia, the controller 210 or a processor in the sensor 228b
may determine that the defect 410 is a hole in the layer 402b.

[00068] In some examples, if the sensors 228b is a ranging sensor, the data from the
sensor 228b may represent a shorter ime of flight of an acoustic wave or radiation
used for detection than expected in the respective locations of the defect 412 andfor
defect 414, In cther examples, the data may reprasent other properties associated
with a height profile of the accumulation defects 412 and/or 414, Thus, based on the
data, the controller 210 or a processor in the sensor 228b may determing that the
defect 412 is an accumulation of build material on the layer 402a and/or that the defect
414 is an accumulation of build material on the build material distributor 224.

[00067] In some examples, the data from the sensor 228a may represent a property
associated with a temperature of the layer 402b. For example, if the sensor 228ais a
radiation sensor, the data from the sensor 228a may represent an emitted radiation
distribution that, due o the defects 410 and/or 412, varies from an expecied radiation
distribution emitied from the layer 402k, wherein the expected radiation distribution is
a distribution that would result from expected build material processing during
generation of the object {e.g. expected deiivery of build materal, expecied
coalescence and solidification of build malerial, etc.). Thus, based on the data, the
coniroller 210 or a processor in the sensor 228a may determing that the defect 410 is
an hole in the layer 402a and/or that the defect 412 is an accumulation of build materiat
on the layer 402b.

[00068] In some examples, data from the sensor 228a may be used to determing
whether a defect is present. In some examples, data from the sensor 228b may be
used to delermine whether a defect is present. In some examples, a combination of
data from the sensor 228a and the sensor 228b may be used to delermine whether a
defect is present.

[00083] At 308, if a defect exisis {e.g. defects 410, 412, andior 414}, then the method
300 may proceed o 310, otherwise the method 300 may proceed to 312
[O0G70] At 310, an action may be taken in response to the defect existing. For example,

the controlier 210 may instruct the system 200 to take an action 1o correct the defec,
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or the controlier 210 may instruct the systern 200 to take an action {0 prevent the
system 200 from being damaged due to the defecl.

{6007 1] Examples of actions o corract the hole defect 410 are shown in FIGS. 8b-d.
{00072} As shown in FIG. 5b, the build material distributor 224 may be to deliver an
additional fayer of build material to fill the hole defect 410, In some examples, the
coniroller 210 may determine a sufiicient amount of build material may be delivered io
fill the hole defect 410 but e.g. such that the overall thickness of layer 402k is not
increased or is minimally increased. in some examples, although not shown, the build
material distributor 224 may pass across the layer 402b 1o level the layer 4200 without
adding any additional buiid malerial. In some gxamples, a combination of leveling and
build material delivery may be performed.

{00073} As shown in FIG. B¢, the leveling tool 234 may be {o level the layer 402b as
described earlier, for example by vibrating the support member 204 or lilling the
support member 204 in opposing directions until the laver 4062b is sufficiently leveled
as shown in FiG. B¢

{00674} As shown in FiG. 84, energy and/or heat selectively or unseleclively applied
by the energy source 2286 andior the healer 230 may be used to reqguiate the
temperature in portions of the layer 402b. In some exampies, the object being
generated may, as a resull of unintended temperature distributions and irregularities
in the build material, experience bending, coalescence bleed wherein portions of build
material experience coalescence unintentionally, or deformations. This may result in
hole defect 410. Accordingly, In some examples, the application of energy and/or heat
may be performed at 310 to modulate the temperature distributions such that they
achieve values to compensate for and correct the defect 410, For example, the
temperature distribution may be selected 1o cause thermal gradients which expand the
build material in the region of the defect 410, and/or cause shrinkage in adjacent
portions of build material. In some examples, the application of heat and/or energy
may also be modulated to achieve such effects at 312 and/or at 324 when the energy
source 226 and/or heater 230 are actuated for the build process.

f6007 5] Bxamples of actions 1o correct the accumuldation defect 412 are shown in FIGS.
Bh-d. An example of an action {0 prevent the system 200 from being damaged due to

the accumulation defect 410 is shown in FIG. e,
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{00876} As shown in FIG. 8b, the build material distributor 224 may pass across the
layer 402b (o level the layer 420b without adding any additional build material. In some
examples, although not shown, the build material distributor 224 may additionally
deliver an additional layer of build material to cover the accumulation defect 412, In
some exampiles, the controller 210 may determine a sufficient amount of build material
may be delivered o cover the accumulation defect 410 but e.g. such that the overall
thickness of layer 402b is minimally increased. In some examples, a combination of
leveling and build material delivery may be performed.

{088771 As shown In FIG. 8¢, the leveling tool 234 may be (o level the layer 4020 as
described earlier, for example by vibrating the support member 204 or tilting the
support member 204 in opposing directions until the laver 402b is sufficiently leveled
as shown in FiG. 6¢.

{00078} As shown in FIG. 8d, energy and/or heat selectively or unselectively applied
by the energy source 226 andior the heater 230 may be used o regulate the
temperature in portions of the layer 402b. In some examples, the object being
generated may, as a resull of unintended temperature distributions and irregularities
in the build material, experience bending, coalescence bleed wherein portions of build
material experience coalescence unintentionally, or deformations. This may result in
accumulation defect 412, Accordingly, in some examples, the application of energy
and/or heat may be performed at 310 1o modulate the temperalure distributions such
that they achieve values 1o compensale for and correct the defect 412, For exampls,
the temperature distribution may be selected to cause thermal gradients which shrink
the build malerial in the region of the defect 412, and/or cause expansion in adjacent
portions of build material. In some examples, the application of heat and/or energy
may also be modulated to achieve such effects at 312 and/or at 324 when the energy
source 226 and/or healer 230 are actuated for the build process.

{00079] As shown in FIG. Be, the system 200 may be prevented from being damaged
due o the accumulation defect 412 by preventing actuation or usage of a component
of the system 200 {s.g. the builld material distributor 224 in FIG. 6e), andfor by stopping
the bulld process for generating the object. This may be done, for example, if the
accumulation defect 412 may impact {e.g. crash into) a component {g.g. an agent
distributor) of the system 200 and become damaged during the build process if the

component is not prevented from actuating or being used.
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{00680} An example of an action 1o prevent the system 200 from being damaged due
o the accumulation defect 414 is shown in FIG. 7b. An example of an aclion to correct
the accumulation defect 414 is shown in FIG. 7¢.

{00081] As shown in FIG. 7b, the system 200 may be prevenied from being damaged
due to the accumulation defect 414 by preventing actuation or usage of a component
of the systern 200 (e.q. the build material distributor 224 in FIG. 7b}, and/or by stopping
the build process for generating the object. This may be done, for example, if the
accumulation defect 414 may impact {e.q. crash into) a component {e.g. an agent
distributor) of the sysiem 200 and become damaged during the build process if the
component is not prevented from actuating or being used.

{00082] As shown in FIG. 7¢, the build material distributor 224 may be moved o be
stationed atl the cleaning slation 236 which may use sulable components to ¢lean the
accumulation 414 off of the bulld material disiribulor 224,

{00083] Although 306 1o 310 are shown as occurring after providing each layer of build
material, they may cccur at any time, pericdically, and/or continuously throughout the
build process. In the example of FIG. 3, for Hiustralive purposes, similar elements 318
to 322 and 326 o 330 are shown,

{00084] At 312, the laver 402b of build material may be heated by the heater 230 {0
heat and/or maintain the build material within a predelermined temperature range. The
predetermined temperature range may, for example, be below the temperature at
which the build material would experience bonding in the presence of coalescing agent
404. For example, the predstermined temperature rangs may be between about 155
and about 160 degrees Celsius, or the range may be centerad at about 160 degrees
Ceisius. Pre-healing may help reduce the amount of energy that has {o be applied by
the energy source 226 to causs coalescence and subsequent sdlidification of build
material on which coalescing agent has been delivered or has penetrated.

[00085] In some examples, as discussed earlier, the application of heat may also be
modulated to achigve temperature regulation effects for correcting defecis 410 and
412 in addition to usage of the heater 230 for pre-heating the layer 402b.

{00088} At 314, as shown in FiIG. 4d, coalescing agent 404 may be selectively delivered
to the surface of porlions of the layer 402b. As discussed earlier, the agent 404 may
be deliverad by agent distributor 202, Tor example in the form of fluids such as liguid

droplets,
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[00G8T] The selective delivery of the agent 404 may be performead in palterns on the
portions of the layer 402b that the data representing the three-dimensional object may
define to become solid o form part of the three-dimensional object being generated.
The data representing the three-dimensional object may be unmodified data if a dead
zone was not identified and modified data if a dead zone was identified. "Selective
delivery” means thal agent may be delivered to selected portions of the surface layer
of the build material in various pattemns.

[00088] In some examples, binder agent may be used rather than coalescing agent.
Thus, the term "agent” is understood {0 encompass both coalescing agent and binder
agent.

{80088] In some examples, coalescence maodifier agent may similarly be selectively
delivered to portions of the layer 402b.

{00090] FiG. 4e shows coalescing agent 404 having penstraled substantially
complstely inlo the portions of the layer 4020 of build material, but in other examples,
the degree of penetration may be less than 100%. The degree of penetration may
depend, for example, on the guaniity of agent delivered, on the nalure of the build
material, on the nature of the agent, efc.

fG0091] In the example of FIG. 4e, for Hustrative purposes, additional instances of hole
defect 410 and accumulation defects 412 and 414 are shown similar the defects 410,
412, and 414 shown in FIG. 4b. These additional instances may have been caused by
any element of method 300 and/or by malfunction of any component of system 200 or
other component, as described earlier. Although the defects 410 and 412 of FIG. 4e
are shown in portions of the layer 402b having coalescing agent 404, they may also
be present in portions of layer 402b lacking coalescing 404.

{80082] At 318, a determination may be made regarding whether a defect exists in the
build material, e.g. in layer 402b, in the obiect being generaled, and/or on the build
material distributor 224. This may be done in a similar way as described earlier relative
to 308.

[00683] At 320, if a defect exists {e.g. defects 410, 412, andior 414}, then the method
300 may proceed o 322, otherwise the method 300 may proceed to 324.

[00084] At 322, an action may be taken in response to the defect existing. For exampie,
the controlier 210 may instruct the system 200 to take an action 1o correct the defec,

or the conirolier 210 may instruct the system 200 {o take an action {0 prevent the
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systemn 200 from being damaged due o the defect. This may be done in a similar way
as described earlier relative to 310.

[00095] Al 324, a predetermined level of energy may be temporarily applied to the layer
4020 of build material. In various examples, the energy applied may be infra-red or
near infra-red energy, microwave energy, ultra-violet (UV) light, halogen light, ultra-
sonic energy, or the like. The termporary application of energy may cause the portions
of the build material on which coalescing agent 404 was delivered o heat up above
the melting point of the build material and o coalesce. In some examples, the energy
source 226 may be focused. In some examples in which the energy source 226 is
focused, the energy source 226 may cause coalescence of build material without uss
of coalescing agent 404, but in other examples coalescing agent 404 may be used. In
other examples, the energy source 226 may be unfocused, and the lemporary
application of energy may cause the portions of the build material on which coalescing
agent 404 has been dselivered or has penetrated {0 heat up above the melting point of
the build material and to coalesce. For example, the temperature of some or all of the
laver 4G2b may achieve about 220 degrees Celsius. Upon codling, the portions having
coalescing agent 404 may coalesce may become solid and form part of the three-
dimensional object being generated, as shown in FIG. 4g.

[000986] As discussed earlier, one such solidified portion 4086 may have been generaled
in a previous ileration. The heat absorbed during the application of energy may
propagate o the previously solidified portion 406 to cause part of portion 408 {0 heat
up above its melting point. This effect helps creates a portion 408 that has strong
interlayer bonding betwesn adjacent layers of solidified build material, as shown in
FIG. 4g.

{00087] In some examples, as discussed earlier, the application of engrgy may also be
modulated o achieve temperature regulation effects for correcting defecis 410 and
412 in addition to usage of the energy source 226 for coalescence and solidification
of portions of the layer 402b.

[00038] In some examples, the energy may not be applied, for example if binder agent
is used, or if the coalescing agent 404 is {0 cause coalescence and solidification of
build material without use of the energy source 276.

[00089] In the example of FiG. 4, for illustrative purposes, additional instances of holg

defect 410 and accumulation defecis 412 and 414 are shown similar the defects 410,
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412, and 414 shown in FIGS. 4b and 4e. These additional instances may have been
caused by any element of method 300 and/or by malfunction of any componeant of
system 200 or other componegnt, as described earlier. Although the defects 410 and
412 of FIG. 49 are shown in soiidified portions of the layer 402b, they may also be
present in unsolidified portions of layer 402b.

[000100] At 328, a determination may be made regarding whether a defect exists in the
build material, e.q. in laver 402b, in the obiect being generated, and/or on the build
material distributor 224. This may be done in a similar way as described earlier relative
to 306.

[000101] AL 328, if 3 defect exisis {e.q. defects 410, 412, and/or 414), then the method
300 may procesd 0 330, ctherwise the method 300 may procesd 1o 304,

[B006102] At 330, an action may be laken In response o the defect existing. For
example, the controller 210 may instruct the system 200 fo take an action {o correct
the defect, or the controller 210 may instruct the system 200 to take an action {0
prevent the system 20C from being damaged due to the defect. This may be done in
a similar way as described sarlier relative to 310.

[000103] After a layer of build material has been processed as described above in 304
to 336, new lavers of build material may be provided on top of the previously processed
layer of buiid material. In this way, the previously processed layer of build material acts
as a support for a subsequent laver of bulld material. The process of 304 to 330 may
then be repeated 1o generate g three-dimensional object layer by layer.

{000104] All of the features disclosed in this specification {including any accompanying
claims, abslract and drawings), and/or all of the elemenis of any method or process
s0 disclosed, may be combined in any combination, excepl combinations where at
least some of such features and/or elements are mutually exclusive.

[G00G105] In the foregoing description, numercus details are set forth o provide an
understanding of the subject disclosed herein. However, examples may be pracliced
without some or all of these details. Other examples may include modifications and
varigtions from the details discussed above. H is inlended that the appended claims

cover such modifications and variations.
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CLAIMS

1. A system for generating a three-dimensional object, the system comprising:
a sensor o detect a height profile of build material for generating the thres-
dimensional object; and
a controller to:
determine that a defect of the builld material exisis based on dala
received from the sensor and relating to the height profile of the build material;
instruct the sysiem to correct the defect or {o prevent the defect from
impacting a component of the system; and
control the system {0 selectively solidify a portion of a layer of the build

material delivered by a bulld material distribuior.

2. The system of claim 1 wherein the controlier is o instruct the system {0 correct
the defect.

3. The system of claim 1 wherein the defect is an accumulation of the build
material on the build material distributor or on the laver of build material delivered by
the build material distributor, wherein the confroller is to instruct the system o pravent

the defect from impacting a component of the system,

4. The system of claim 1 wherein the defect is an accumulation of the build

material on the layer of build material delivered by the build material distributor.

5. The system of claim 4 further comprising a build material distributor to dsliver,
on a support member, the layer of the bulld material, and o level the iaver of the build
material, wherein the controller is to instruct the system 1o correct the defact by

controiling the build material distributor {0 level the layer of the build material.

8. The systern of claim 4 further comprising a vibrating tool to vibrate the layer of
the build material to level the accumulation of the build material, wherein the controller
is to instruct the system to correct the defect by conirolling the vibrating tool to vibrate

the layer of the build material {0 level the accumulation of the builld material.
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7. The system of claim 1 wherein the defect is a hole in a layer of the build material

delivered by a build material distributor.

8. The syslem of claim 7 further comprising a bulld material distributor {o deliver,
on a support member, the laver of the build material, and 1o fill the hole in the laver of
the build material, wherein the coniroller is {0 instruct the system to correct the defact
by controlling the builld materal distributor 1o fill the hole in the layer of the build

material.

9. The system of claim 7 further comprising a vibrating tool to vibrate the layer of
the build malerial to level the layer of the bulld material, wherein the controller is {o
instruct the system to correct the defect by controlling the vibrating tool to vibrate the

layer of the build material to level the layer of the build material.

10.  The systern of claim 1 further comprising a build material distributor to deliver,
on a support member, the layer of the builld material, wherein the defect is an

accumulation of the build material on the build material distribuior,

1. The systemn of claim 1 further comprising a cleaning station to clean the
accumulation of the build material off of the build material distributor, wherein the
controller is to instruct the system to correct the defect by moving the build material
distributor to the cleaning station to ailow the accumuiation to be cleaned manually or

automatically using the cleaning station.

12. The sysiem of claim 1 further comprising a second sensor o detect a property
associated with a temperature of the build malerial, wherein the defect is an
accumulation of the build material on the layer of build material delivered by the build
material distributor or is a hole in the laver of build material delivered by the build
material distributor, wherein the determination that the defect exists is further based
on second data received from the second sensor and relating o the property of the

build material.
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13.  The system of claim 12 wherein the controller is to instruct the system o correct
the defect by heating the layer of build malerial using a heater or by applying energy

o the layer of build material using an energy source.

14, A method comprising:

detecting, by a sensor, a shape or configuration of build material for generating
a three-dimensional object;

determining, by a controller, that a defect of the bulld material exists based on
the detected shape or configuration of the build material;

delivering, by a build material distributor, a layer of build material, the delivered
laver of build material being selectively solidifiable by delivery of agent or by
application of energy thereto; and

correciing the defect or preventing the defect from impacting a component of

the system.

15, A non-transitory computer readable storage medium inciuding executable
instructions that, when execuled by a processor, cause the processor to:

control a ranging sensor to detect a height profile of build material for generating
a three-dimensional object;

receive data relating to the defected height profile of the build material from the
ranging sensor;

based on the received daia, determine that the build material includes an
accurmulation or a holg;

control a systemn for generating the three-dimensional object fo correct the
accumulation or the hole or control the system to prevent the accumulation from
impacting a component of the system;

control the system to seleclively solidify a portion of a layer of the bulld material

delivered by a build material distributor.
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