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GENERATING THREE-DIMENSIONAL OBJECTS

RELATED APPLICATIONS

[0001] This application claims the benefit of PCT Application No.

PCT/US201 4/01 4025 filed on January 3 1 , 2014, entitled "GENERATING THREE-

DIMENSIONAL OBJECTS", the entire contents of which are hereby incorporated

herein by reference, and which itself claims the benefit of PCT Application No.

PCT/EP201 4/050841 filed on January 16, 2014, entitled "GENERATING A THREE-

DIMENSIONAL OBJECT", the entire contents of which are hereby incorporated

herein by reference.

BACKGROUND

[0002] Additive manufacturing systems that generate three-dimensional objects on a

layer-by-layer basis have been proposed as a potentially convenient way to produce

three-dimensional objects in small quantities.

[0003] The quality of objects produced by such systems may vary widely depending

on the type of additive manufacturing technology used. Generally, low quality and

low strength objects may be producible using lower cost systems, whereas high

quality and high-strength objects may be producible using higher cost systems.

BRIEF DESCRIPTION

[0004] Some examples are described with respect to the following figures:

[0005] FIG. 1a-c each are a simplified schematic of a build module for generating a

three-dimensional object according to some examples;

[0006] FIG. 2a is a simplified perspective view on of an additive manufacturing

system according to some examples;

[0007] FIG. 2b is a simplified perspective view of a removable build module for an

additive manufacturing system according to some examples;

[0008] FIG. 2c is a simplified perspective view of a removable build module for an

additive manufacturing system according to some examples;

[0009] FIG. 2d is a simplified perspective view of a build assembly of a build module

according to some examples;

[00010] FIG. 2e is a simplified side view of a build assembly of a build module

according to some examples;

[0001 1] FIGS. 2f is a simplified perspective view on of additive manufacturing system

having received removable build modules according to some examples;



[00012] FIGS. 2g is a simplified perspective view on of additive manufacturing system

having received a removable build module according to some examples;

[00013] FIG. 2h is a simplified perspective view of a removable build module for an

additive manufacturing system according to some examples;

[00014] FIG. 3 is a simplified side view of a build assembly of a build module

according to some examples;

[00015] FIG. 4 is a flow diagram illustrating a method of three-dimensional object

according to some examples; and

[00016] FIGS. 5a-d show a series of cross-sectional side views of layers of build

material according to some examples.

DETAILED DESCRIPTION

[00017] The following terminology is understood to mean the following when recited

by the specification or the claims. The singular forms "a," "an," and "the" mean "one

or more." The terms "including" and "having" are intended to have the same inclusive

meaning as the term "comprising."

[00018] Using an additive manufacturing system, a three-dimensional object may be

generated through the solidification of portions of one or more successive layers of

build material. The build material can be powder-based and the properties of

generated objects are dependent on the type of build material and the type of

solidification mechanism used. In some examples, solidification may be achieved

using a liquid binder agent to chemically solidify build material. In other examples,

solidification may be achieved by temporary application of energy to the build

material. This may, for example, involve use of a coalescing agent, which is a

material 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 other examples, other methods of solidification may be used.

[00019] However, some additive manufacturing systems may, for example, have

designs that do not provide sufficient flexibility and speed. For example, printing

continuity may be difficult to maintain when build material needs re-filling or the

system needs cleaning. Additionally, there may be time delays between printing

jobs. Moreover, in some examples these systems may have designs requiring a high

degree of user interaction such as handling build material and cleaning.

[00020] Accordingly, the present disclosure provides build modules that are

removably insertable into an additive manufacturing system. The modular design



may, for example, provide versatility by allowing different types of build modules to

be inserted such as different sizes and/or multiple build modules at the same time.

The modular design may also enable high productivity by allowing faster use and

fewer interruptions in continued use of the system, for example allowing successive

print jobs to be completed with little or no time delays in between. The build modules

may be provided with housings in which a build chamber, build material chamber,

and/or motor may be provided for movement of the chambers. This design may allow

faster cleaning of a build module when it is removed. The build modules may also be

easily insertable and removable to and from an additive manufacturing system.

[00021] FIG. 1a is a simplified schematic of a build module 10 according to some

examples. The build module 10 may include a housing 12 and a build material

chamber 14 in the housing 12 to hold build material. The build module may include a

build chamber 16 in the housing 12. The build material chamber 14 may be beneath

the build chamber 12. The build chamber 12 may include a moveable support

member 18 to receive successive layers of the build material from a build material

distributor. The build module 10 may be removably insertable into a build receiver of

an additive manufacturing system to allow the additive manufacturing system to

solidify a portion the successive layers to be received onto the movable support

member 18 .

[00022] FIG. 1b is a simplified schematic of a build module 50 according to some

examples. The build module 50 may include a housing 52 and a build material

chamber 54 in the housing 52 to hold build material. The build module 50 may

include a build chamber 56 in the housing 52. The build chamber 56 comprising a

moveable support member 58 to receive successive layers of the build material from

a build material distributor. The build module 50 may include a computer-readable

medium 60 in the housing 52. The computer-readable medium 60 may include build

module data 62 representing a feature of the build module 50. The build module 50

may be removably insertable into a build volume of an additive manufacturing

system to allow the additive manufacturing system to solidify a portion of the

successive layers to be received onto the movable support member 58.

[00023] FIG. 1c is a simplified schematic of a build module 100 according to some

examples. The build module 100 may include a housing 102 and a build material

chamber 104 in the housing 102 to hold build material. The build module 100 may

each include a build chamber 106 in the housing 102. Each build chamber 106 may



include a moveable support member 108 to receive successive layers of the build

material from a build material distributor. The build module 100 may be removably

insertable into a build volume of an additive manufacturing system at a same time as

another such build module to allow the additive manufacturing system to solidify a

portion of the successive layers to be received onto the movable support member

108.

[00024] FIG. 2a is a simplified perspective view of an additive manufacturing system

200 according to some examples. The additive manufacturing system 200 may

include a housing 202. The housing 202 may house various components, such as an

agent distributor and other components, as will be discussed in more detail.

[00025] The housing 202 may include side housing portions 204, a central housing

portion 206, and a back housing portion 208. Surfaces of these housing elements

may define build receiver 212 comprising a receiving volume. FIG. 2a shows the

receiving volume 212 having a cuboid shape, but in other examples the receiving

volume 212 may have other shapes depending on the configuration and shapes of

the side housing portions 204, a central housing portion 206, and a back housing

portion 208. As shown in FIG. 2a, the central housing portion 206 and the receiving

volume 212 may extend to a sufficient length along the y-axis direction such that the

system 200 may be considered a wide-format system. In other examples, the central

housing portion 206 and the receiving volume 212 may have shorter or longer

lengths along the y-axis direction. Thus, in some examples, the system 200 may be

a smaller desktop system.

[00026] The additive manufacturing system 200 may include a system controller 256,

which may include a processor 258 for executing instructions such as those

described in the methods herein. The processor 258 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

258 may, for example, include multiple cores on a chip, multiple cores across

multiple chips, multiple cores across multiple devices, or combinations thereof. In

some examples, the processor 258 may include at least one integrated circuit (IC),

other control logic, other electronic circuits, or combinations thereof.

[00027] The controller 256 may support direct user interaction. For example, system

200 may include user input devices coupled to the processor 258, such as one or



more of a keyboard, touchpad, buttons, keypad, dials, mouse, track-ball, card

reader, or other input devices. Additionally, the system 200 may include output

devices coupled to the processor 212, such as one or more of a liquid crystal display

(LCD), printer, video monitor, touch screen display, a light-emitting diode (LED), or

other output devices. The output devices may be responsive to instructions to

display textual information or graphical data.

[00028] The processor 258 may be in communication with a computer-readable

storage medium 260 via a communication bus. The computer-readable storage

medium 260 may include a single medium or multiple media. For example, the

computer readable storage medium 260 may include one or both of a memory of the

ASIC, and a separate memory in the controller 256. The computer readable storage

medium 260 may be any electronic, magnetic, optical, or other physical storage

device. For example, the computer-readable storage medium 260 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

optical drive, a storage drive, a CD, a DVD, and the like. The computer-readable

storage medium 260 may be non-transitory. The computer-readable storage medium

260 may store, encode, or carry computer executable instructions 262 that, when

executed by the processor 258, may cause the processor 258 to perform any one or

more of the methods or operations disclosed herein according to various examples.

[00029] FIG. 2b-c are simplified perspective views of a removable build module 214

for an additive manufacturing system 200 according to some examples. The build

module 214 may include a housing 216. Wheels 218 may be attached to a bottom

surface of the housing 216 such that the build module 214 may be rolled as a trolley.

Alternatively, fixed legs may be provided rather than wheels. However, in some

examples no wheels 2 18 or legs may be attached. A cover 222 may be removably

coupled to the housing 2 16 to form part of the top surface of the build module 214.

When the cover 222 is removed, as shown in FIG. 2b, a build assembly 224, which

may be contained in the housing 2 16 , may be exposed. FIG. 2c shows the cover

attached. The housing 216 and cover 222 may prevent build material from

unintentionally escaping from the build module 214.

[00030] As shown in FIG. 2c, the build assembly 224 may be removable as a drawer

from the housing 2 16 by a user using a handle 220 attached to a side surface of the



build assembly 224. Additional handles may be provided on the surface of the build

assembly 224. In other examples, an automatic and/or electronic mechanism may be

used to open the drawer automatically when, for example, a user provides input such

as pressing a button on the housing 216, build assembly 224, or on the system 200.

[00031] FIG. 2d-e respectively are a simplified perspective view and a simplified side

view of a build assembly 224 of a build module 214 according to some examples. As

shown, the build assembly 224 has been fully removed from the housing 216. The

build assembly 224 may include a build material chamber 226 and a build chamber

228.

[00032] A support member 230 may be provided in the build material chamber 224. A

piston 232 may be attached to a bottom surface of the support member 230. A motor

234 may drive the piston 232 to cause the support member 230 to be movable along

the z-axis. Similarly, a support member 236 may be provided in the build chamber

228. A piston 238 may be attached to a bottom surface of the support member 236.

A motor 240 may drive the piston 238 to cause the support member 236 to be

movable along the z-axis. In one example the support members 230 and 236 may

have dimensions in the range of from about 10 cm by 10 cm up to 100 cm by 100

cm. In other examples the support members 230 and 236 may have larger or smaller

dimensions.

[00033] FIG. 2e shows build material 246 in storage on the top surface of the support

member 230 in the build material chamber 226. FIG. 2e also shows a previously

deposited layer 248 of build material on the top surface of the support member 238

in the build chamber 228. The previously deposited build material 248 includes a

portion 250 that has been processed and solidified into part of a three-dimensional

object using the additive manufacturing system 200.

[00034] In some examples the build material may be a powder-based build material.

As used herein the term powder-based materials is intended to encompass both dry

and wet powder-based materials, particulate materials, and granular materials. In

some examples, the build material may include a mixture of air and solid polymer

particles, for example at a ratio of about 40% air and about 60% solid polymer

particles. 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 EOS GmbH. Other examples of

suitable build materials may include, for example, powdered metal materials,

powdered composite materials, powder ceramic materials, powdered glass

materials, powdered resin material, powdered polymer materials, and the like. It

should be understood, however, that the examples described herein are not limited

to powder-based materials or to any of the materials listed above. In other examples

the build material may be a paste or a gel. According to one example a suitable build

material may be a powdered semi-crystalline thermoplastic material.

[00035] The build assembly 224 may include a build material distributor 242, such as,

for example, a wiper blade or a roller. The build material distributor 242 may be

driven by a motor 244 to provide, e.g. deliver and/or deposit, successive layers of

build material from the support member 230 in the build material chamber 226 to the

support member 236 in the build material chamber 228. However, in other examples,

the build material distributor 242 may instead be a component of the system 200 and

attached to or in the housing 202.

[00036] Turning back to FIG. 2a, a fastener member 252 may be attached to the

housing 22 at the bottom surface of the central housing portion 206. Alternatively or

additionally, fastener members may be attached the side housing portions 204

and/or the back housing 208. In FIG. 2a, the fastener member 252 is shown

longitudinally extending along the length of the central housing portion 206, but in

other examples the fastener member 252 may have other configurations. In some

examples, multiple separate fastener member 252 may be provided at different

points along the length of the bottom surface of the central housing portion 206.

[00037] Turning back to FIG. 2b, a fastener member 254 may be attached to the top

surface of the housing 216. Alternatively or additionally, fastener members may be

attached to any other surfaces of the housing 216, including any of the four side

surfaces. In FIG. 2b, the fastener member 254 is shown longitudinally extending

along the length of the housing 216, but in other examples the fastener member 254

may have other configurations. In some examples, multiple separate fastener

members 254 may be provided at different points along the length of the top surface

of the housing 216.

[00038] Together, the fastening members 252 and 254 may be coupled such that the

additive manufacturing system 200 can removably couple to and removably receive



the build module 214 in the receiving volume 212. As shown, the build module 214

may be received laterally or generally laterally, e.g. horizontally or generally

horizontally, into the receiving volume 212. The fasteners 252 and 254 may be

magnetic fasteners, mechanical fasteners, and/or other types of fasteners.

[00039] If the fasteners 252 and 254 are magnetic fasteners, they may each be

magnetic, meaning that they each may be made of a suitable material such that it

experiences a force in the presence of a magnetic field, and/or itself generates a

magnetic field. Thus, when the fasteners 252 and 254 are in sufficient proximity, they

may be attracted to lock the build module 214 in the additive manufacturing system

200. For example, the fasteners 252 and 254 may include permanent magnets such

as ferromagnets, or anti- antiferromagnets, ferrimagnets, paramagnets, diamagnets,

or electromagnets.

[00040] If the fasteners 252 and 254 are mechanical fasteners, one of the fasteners

252 and 254 may be a latch member and the other a receiving member. For

example, the latch may be inserted into or attached to the receiving member to lock

the build module 214 in the additive manufacturing system 200.

[00041] When the build module 214 is inserted in the receiving volume 212 of the

system 200, the cover 222 is intended to be removed such that components in the

system such as agent distributors, energy sources, heaters, and sensors may be

able to interact with the build chamber 228 and any build material therein, as will be

discussed.

[00042] FIGS. 2f-g are simplified perspective views of additive manufacturing system

having received removable build modules according to some examples. In general,

build modules may have any length along the x-axis direction or y-axis direction. For

example, as shown, build modules 214a-d of various sizes may have any length

along the x-axis direction. For example, in FIG. 2g, a single build module 214d has a

length along the y-axis direction that allows it to fill the entire y-axis length of the

receiving volume 212 when inserted in the system 200. In FIG. 2f, multiple build

modules 214a-c with smaller lengths along the y-axis direction may be lined up along

the y-axis direction to collectively fill the entire receiving volume 212. Thus, in FIG.

2f, build chambers and support members of the build modules 214-a-c may be lined

up in series. Additionally, in FIG. 2f, build modules of different lengths are shown, for

example build modules 214a-c have different length relative to each other.



[00043] FIG. 2h is a simplified perspective view of the removable build module 214c

for an additive manufacturing system according to some examples. The build module

214c is shown removed from the system 200 in FIG. 2f. As shown, by virtue of being

longer than the build module 214 of FIGS. 2b-2e, the build module 214c may have a

build material chamber 226c that is longer along the y-axis direction than the build

material chamber 226 of build module 214, and may have a build chamber 228c that

is longer along the y-direction than the build material chamber 228. Although not

shown, the build module 2 14d may have chambers spanning the entire length of the

build module 2 14d along the y-axis direction.

[00044] Additionally, although not shown, the build modules and chambers may also

vary in width along the x-axis direction.

[00045] In some examples, different configurations of build modules and/or build

assemblies may be used. FIG. 3 is a simplified side view of a build assembly 324 of

a build module according to some examples. In addition to being able to removably

receive the build assembly 224, the housing 216 of FIGS. 2b-c may also be able to

removably receive the build assembly 324. When the build assembly 324 is inside

the housing 216, the cover 222 may be removable from the housing 216 to expose

the build assembly 324 and its build chamber 328.

[00046] The build assembly 324 may be removable as a drawer from the housing 216

by a user using a handle attached to a side surface of the build assembly 324.

Additional handles may be provided on the surface of the build assembly 324. In

other examples, an automatic and/or electronic mechanism may be used to open the

drawer automatically when, for example, a user provides input such as pressing a

button on the housing 216, build assembly 324, or system 200.

[00047] In FIG. 3 , the build assembly 324 has been fully removed from the housing

2 16 . The build assembly 324 may include a build material chamber 326 and a build

chamber 328. The build material chamber 326 may be beneath the build material

chamber 328. This may, for example, allow the build material chamber 328 to be

wide such that wide layers of build material may be delivered thereto.

[00048] A support member 330 may be provided in the build material chamber 326.

Build material 246 is shown in storage on the top surface of the support member 330

in the build material chamber 326. The support member 330 may be angled to allow

build material 246 to slide down by the force of gravity. A support member 336 may



be provided in the build chamber 328. A previously deposited layer 248 of build

material is shown on the top surface of the support member 336 in the build chamber

328. The previously deposited build material 248 includes the portion 250 that has

been processed and solidified into part of a three-dimensional object using the

additive manufacturing system 200. A piston 338 may be attached to a bottom

surface of the support member 336. A motor 340 may drive the piston 338 to cause

the support member 336 to be movable along the z-axis. In one example the support

members 330 and 336 may have dimensions in the range of from about 10 cm by 10

cm up to 100 cm by 100 cm. In other examples the support members 330 and 336

may have larger or smaller dimensions.

[00049] One or more build material distributors 332, 384, and 342 may be used to

provide, e.g. deliver and/or deposit, successive layers of build material from the

support member 330 in the build material chamber 326 to the support member 336

in the build material chamber 328. For example, the build material distributor 332, for

example a rotatable ball, wheel, or roller, may be attached in the build material

chamber 326. A motor 234 may driver the build material distributor 332 to rotate to

move the build material 246 as shown by the curved arrow. A build material

distributor 384 attached to the assembly 324, for example, a conveyor, may be

driven by a motor 344 to then move the build material 246 upwards in the z-axis

direction, as shown by the arrow. In other examples, the build material distributor

384 may be rotary system having blades which, when rotated, move the build

material 246 upwards in the z-axis direction. A build material distributor 342 attached

to the build assembly 324, for example a wiper blade or a roller, may be driven by a

motor 344 to move longitudinally in the x-axis direction to roll build material 242 onto

the support member 336 in the build material chamber 328. In some examples, the

build material distributor 342 may instead be a component of the system 200 and

attached to or in the housing 202.

[00050] In some examples, although not shown, any of the build assemblies

described herein may use build material distributors providing pneumatic or hydraulic

transport of build material, wherein such build material distributors may be driven by

motors.

[00051] In some examples, the build module 214 may include a controller and

computer-readable medium having similar features as the controller 256 and



computer-readable medium 260 described earlier. In such examples, the computer-

readable medium may store data and/or instructions specifying features of the build

module 214, for example its size, the size of each of its chambers, the type of build

material stored provided in its build material chamber, and the like. These data

and/or instructions may be stored for access by the controller 256 when the build

module 214 is inserted in the system 200 for generating a three-dimensional object.

In some examples, an input device, having similar features as the input devices of

the controller 256 discussed earlier, on the build module may receive input from a

user regarding the type of build material stored in the build module 214. In some

examples, a sensor on the build module 214 may automatically detect the type of

build material.

[00052] The additive manufacturing system 200 may include a coalescing agent

distributor 268 to selectively deliver coalescing agent to successive layers of build

material provided on one or more support members 236 in one or more build

chambers 228, which will be discussed. A coalescing agent is a material 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. According to

one non-limiting example, a suitable coalescing agent may be an ink-type

formulation comprising carbon black, such as, for example, the ink formulation

commercially known as CM997A available from Hewlett-Packard Company. In one

example such an ink may additionally comprise an infra-red light absorber. In one

example such an ink may additionally comprise a near infra-red light absorber. In

one example such an ink may additionally comprise a visible 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 CM993A and

CE042A available from Hewlett-Packard Company.

[00053] The controller 256 may control the selective delivery of coalescing agent to a

layer of provided build material in accordance with instructions comprising agent

delivery control data 266 stored in the computer-readable medium 260.

[00054] The agent distributor 268 may be a printhead, such as a thermal printhead or

a piezo inkjet printhead. The printhead may have arrays of nozzles. In one example,

a printhead such as those commonly used in commercially available inkjet printers

may be used. In other examples, the agents may be delivered through spray nozzles

rather than through printheads. Other delivery mechanisms may be used as well.



[00055] The agent distributor 268 may be used to selectively deliver, e.g. deposit,

coalescing agent when in the form of suitable fluids such as liquids. In some

examples, the agent distributor 268 may be selected to deliver drops of agent at a

resolution of between 300 to 1200 dots per inch (DPI), for example 600 DPI. In other

examples the agent distributor 268 may be selected to be able to deliver drops of

agent at a higher or lower resolution. In some examples, the agent distributor 268

may have an array of nozzles through which the agent distributor 268 is able to

selectively eject drops of fluid. In some examples, each drop may be in the order of

about 10 pico liters (pi) per drop, although in other examples an agent distributor 268

that is able to deliver a higher or lower drop size may be used. In some examples an

agent distributor 268 that is able to deliver variable size drops may be used.

[00056] In some examples, the agent distributor 268 may be an integral part of the

system 200. In some examples, the agent distributor 268 may be user replaceable

rather than fixed, in which case it may be removably receivable, e.g. insertable, into

a suitable agent distributor receiver, e.g. interface module, of the system 200.

[00057] In the example of FIG. 2a, the agent distributor 268 has a length in the x-axis

direction that enables it to span the whole width in the x-axis direction of the support

member 236 or 336 of the build module 214 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

nozzles having a length to enable them to span the width of the support member 236

or 336 may be used. In other examples, the agent distributor 268 may have a shorter

length that does not enable them to span the whole width of the support member 236

or 336.

[00058] The agent distributor 268 may be mounted on a moveable carriage to enable

it to move bi-directionally across the entire length of the series of one or more

support members 236 or 336 along the illustrated y-axis, as shown by arrows 270.

This enables selective delivery of coalescing agent across the whole width and

length of the support members 236 or 336 in a single pass.

[00059] It should be noted that the term 'width' used herein is used to generally

denote the shortest dimension in the plane parallel to the x and y axes illustrated in

FIGS. 2a-e, whilst the term 'length' used herein is used to generally denote the

longest dimension in this plane. However, it will be understood that in other

examples the term 'width' may be interchangeable with the term 'length'. For



example, in other examples the agent distributor 268 may have a length that enables

it to span the whole length of the support member 236 or 336 whilst the moveable

carriage may move bi-directionally across the width of the support members 236 or

336.

[00060] In another example the agent distributor 268 does not have a length that

enables it to span the whole width of the support member 236 or 336 but is

additionally movable bi-directionally across the width of the support member 236 or

336 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 three-dimensional objects to be created faster.

[00061] The coalescing agent distributor 268 may include a supply of coalescing

agent or may be connectable to a separate supply of coalescing agent.

[00062] In some examples, there may be additional coalescing agent distributors,

such as the agent distributor 274. In some examples, the distributors of system 200

may be located on the same carriage, either adjacent to each other or separated by

a short distance. In other examples, two or more carriages each may contain one or

more distributors. For example, each distributor may be located in its own separate

carriage. Any additional distributors may have similar features as those discussed

earlier with reference to the coalescing agent distributor 268. However, in some

examples, different agent distributors may deliver different coalescing agents, for

example.

[00063] The system 200 may additionally include an energy source 272 attached to

the housing 202. The energy source 272 may be to apply energy to build material to

cause the solidification of portions of the build material according to where

coalescing agent has been delivered or has penetrated. In some examples, the

energy source 272 is an infra-red (IR) radiation source, near infra-red radiation

source, or halogen radiation source. In some examples, the energy source 272 may

be a single energy source that is able to uniformly apply energy to build material

deposited on the support member 236 or 336. In some examples, the energy source

272 may comprise an array of energy sources.

[00064] In some examples, the energy source 272 is configured to apply energy in a

substantially uniform manner to the whole surface of a layer of build material. In

these examples the energy source 272 may be said to be an unfocused energy



source. In these examples, a whole layer may have energy applied thereto

simultaneously, which may help increase the speed at which a three-dimensional

object may be generated.

[00065] In other examples, the energy source 272 is configured to apply energy in a

substantially uniform manner to a portion of the whole surface of a layer of build

material. For example, the energy source 272 may be configured to apply energy to

a strip of the whole surface of a layer of build material. In these examples the energy

source may be moved or scanned across the layer of build material such that a

substantially equal amount of energy is ultimately applied across the whole surface

of a layer of build material.

[00066] In some examples, the energy source 272 may be mounted on the moveable

carriage.

[00067] In other examples, the energy source 272 may apply a variable amount of

energy as it is moved across the layer of build material, for example in accordance

with agent delivery control data 208. For example, the controller 210 may control the

energy source only to apply energy to portions of build material on which coalescing

agent has been applied.

[00068] In further examples, the energy source 272 may be a focused energy source,

such as a laser beam. In this example the laser beam may be controlled to scan

across the whole or a portion of a layer of build material. In these examples the laser

beam may be controlled to 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.

[00069] In some examples, the system 200 may additionally include a heater or pre-

heater to emit heat to maintain build material deposited on the support members 236

within a predetermined temperature range. The heater may have an array of heating

units. The heating units may each be any suitable heating unit, for example a heat

lamp such as an infra-red lamp. The configuration may be optimized to provide a

homogeneous heat distribution toward the area spanned by the build material. Each

heating unit, or groups of heating units, may have an adjustable current or voltage

supply to variably control the local energy density applied to the build material

surface.

[00070] FIG. 4 is a flow diagram illustrating a method 400 of generating a three-

dimensional object according to some examples. The method may be computer



implemented. In some examples, the ordehngs shown may be varied, such that

some steps may occur simultaneously, some steps may be added, and some steps

may be omitted. In describing FIG. 3 , reference will be made to FIGS. 2a, 2e, 3 , and

5a-d. FIGS. 5a-d show a series of cross-sectional side views of layers of build

material according to some examples.

[00071] At 402, the controller 210 may obtain agent delivery control data 208. The

agent delivery control data 208 may define for each slice of the three-dimensional

object to be generated the portions or the locations on the build material, if any, at

which coalescing agents are to be delivered. The agent delivery control data 208

may be derived by a suitable three-dimensional object processing system in or

outside of the system 200. In some examples, the agent delivery control data 208

may be generated based on object design data representing a three-dimensional

model of an object to be generated, and/or 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 to generate

slices of parallel planes of the model. Each slice may define a portion of a respective

layer of build material that is to be solidified by the additive manufacturing system.

The object property data may define properties of the object such as density, surface

roughness, strength, and the like.

[00072] At 404, a computer-readable medium on the build module 214 may

determine and/or store build module data representing build module features such

as the type of build material being used, for example based on user input or

detection by a sensor. Other features of the build module, such as physical

dimensions of the build module, may be pre-stored on the computer-readable

medium, as discussed earlier.

[00073] At 406, one or more build modules 214 may be received by the system 200.

The controller 256 of the system 200 may access the computer-readable media of

build modules 214 to discover the build module data.

[00074] At 408, a layer 276 of build material may be provided, as shown in FIG. 5a.

For example, the controller 210 may control the build distributor 242 to provide the

layer 276 on a previously completed layer 248 shown in FIGS. 2e and 4a. The

completed layer 248 may include a solidified portion 250. Although a completed layer

248 is shown in FIGS. 5a-d for illustrative purposes, it is understood that the steps

408 to 412 may initially be applied to generate the first layer 248.



[00075] In some examples, such as if the build assembly 224 is used, the layer 276

may be delivered as follows. With reference to FIGS. 2e and 4a, the support member

230 in the build material chamber 226 may be positioned by the piston 232 in the z-

axis direction in such a way that a portion of the stored build material 246 extends

beyond the top edge of the build assembly 224. The support member 236 in the

build chamber 228 may be positioned by the piston 236 in the z-axis direction in

such a way that a predetermined gap is provided above the previously deposited

layer 248 of build material. The build material distributor 242 may then move

longitudinally in the x-axis direction to roll the extended portion of the stored build

material 246 into the predetermined gap to create the new layer 276 in the build

chamber 228. The delivery may be based on the data and/or instructions regarding

features of the build module stored in the computer-readable medium of the build

module.

[00076] In some examples, such as if the build assembly 324 is used, the layer 276

may be delivered as follows. With reference to FIGS. 3 and 4a, the support member

330 in the build material chamber 326 may be positioned by the piston 332 in the z-

axis direction in such a way that a portion of the stored build material 246 extends

beyond the top edge of the build assembly 324. The support member 336 in the

build chamber 328 may be positioned by the piston 336 in the z-axis direction in

such that a predetermined gap is provided above the previously deposited layer 248

of build material. Then, the build material distributors 332, 384, and 342 may be used

to deliver the layer 276. The stored build material 246 may be moved along the

arrows in FIG. 3 and rolled into the predetermined gap to create the new layer 276 in

the build chamber 228. The delivery may be based on the data and/or instructions

regarding features of the build module stored in the computer-readable medium of

the build module.

[00077] At 4 10 , a coalescing agent 278 may be selectively delivered to one or more

portions of the surface of the layer 276 of build material, as shown in FIG. 5b. The

selective delivery of the coalescing agent 278 may be performed in patterns on

portions of the layer 276 that the agent delivery control data 208 may define to

become solid to form part of the three-dimensional object being generated.

"Selective delivery" means that coalescing agent may be delivered to selected

portions of the surface layer of the build material in various patterns. The patterns

may be defined by the agent delivery control data 208, and based on the data and/or



instructions regarding features of the build module stored in the computer-readable

medium of the build module.

[00078] FIG. 5c shows coalescing agent 278 having penetrated substantially

completely into the layer 276 of build material, but in other examples, the degree of

penetration may be less than 100%.

[00079] At 412, a predetermined level of energy may be temporarily applied to the

layer 276 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 temporary application of energy may cause

portions of the build material on which coalescing agent 278 has been delivered or

has penetrated to heat up above the melting point of the build material and to

coalesce. Upon cooling, the portions which have coalesced become solid and form

part of the three-dimensional object being generated. As discussed earlier, one such

portion 250 may have been generated in a previous iteration. The heat absorbed

during the application of energy may propagate to the previously solidified portion

250 to cause part of portion 250 to heat up above its melting point. This effect helps

create a portion 280 that has strong interlayer bonding between adjacent layers of

solidified build material, as shown in FIG. 5d.

[00080] After a layer of build material has been processed as described above, new

layers of build material may be provided on top of the previously processed layer of

build material. In this way, the previously processed layer of build material acts as a

support for a subsequent layer of build material. The process of blocks 408 to 412

may then be repeated to generate a three-dimensional object layer by layer.

[00081] Additionally, at any time during blocks 408 to 412, additional build modules

214 may be received by the system 200 such as at block 406. Thus, while the

method 400 is iterating through blocks 408 to 412, a parallel instance of the method

400 may proceed, such that the system 200 may be performing multiple print jobs at

once by different three dimensional objects on different build modules 214. In other

examples, immediately after the first instance of the method 400 has completed and

generated a three-dimensional object, the second instance of the method 400 may

proceed with blocks 408 to 412 such that the second three-dimensional object is

generated immediately after the first one is completed, with little or no time delay in

between.



[00082] Additionally, in some examples, there may be little or no time delay even if

build modules 214 require cleaning or re-fills during generation of three-dimensional

objects. For example, if a build module 214 needs to be cleaned or re-filled, that

build module 214 may be removed from the system 200, while the system 200

continues to generate other three dimensional objects in other build modules 214.

Additionally, the design of the build module 214, for example its fully functional build

system including motors 234 and 240 in FIGS. 2d-e or motors 334, 340, 344, and

344 of FIG. 3 , may allow the build module 214 to be able to be cleaned quickly and

easily. For example, the housing 216 may aid in keeping build material from

escaping into undesired locations in the build module 214. Moreover, the build

module 214 may be inserted in a cleaning device which may, for example,

automatically clean the parts of the build module 214 while the motors are running

such that build material may shake out from the components of the build module

214. In some examples, manual steps in cleaning may also be performed, for

example while running the motors.

[00083] All of the features disclosed in this specification (including any accompanying

claims, abstract and drawings), and/or all of the steps of any method or process so

disclosed, may be combined in any combination, except combinations where at least

some of such features and/or steps are mutually exclusive.

[00084] In the foregoing description, numerous details are set forth to provide an

understanding of the subject disclosed herein. However, examples may be practiced

without some or all of these details. Other examples may include modifications and

variations from the details discussed above. It is intended that the appended claims

cover such modifications and variations.



CLAIMS

1. A build module comprising:

a housing;

a build material chamber in the housing to hold build material; and

a build chamber in the housing, the build material chamber beneath the build

chamber, the build chamber comprising a moveable support member to receive

successive layers of the build material from a build material distributor,

the build module being removably insertable into a build receiver of an

additive manufacturing system to allow the additive manufacturing system to solidify

a portion of the successive layers to be received onto the movable support member.

2 . The build module of claim 1 further comprising the build material distributor to

provide the successive layers of build material from the build material chamber onto

the support member of the build chamber.

3 . The build module of claim 2 further comprising a motor to drive the build material

distributor.

4 . The build module of claim 1 wherein the housing includes a first fastening member

to couple to a second fastening member of the build module to lock the build module

in the housing.

5 . The build module of claim 1 wherein the build module is to be removably inserted

into the build receiver generally laterally.

6 . A build module comprising:

a housing;

a build material chamber in the housing to hold build material; and

a build chamber in the housing, the build chamber comprising a moveable

support member to receive successive layers of the build material from a build

material distributor,

a computer-readable medium in the housing, the computer-readable medium

comprising build module data representing a feature of the build module,



the build module being removably insertable into a build volume of an additive

manufacturing system to allow the additive manufacturing system to solidify a portion

of the successive layers to be received onto the movable support member.

7 . The build module of claim 6 wherein a controller in the additive manufacturing

system is to control at least one of:

providing the build material by the build material distributor to the build

chamber; and

selective delivering of coalescing agent by an agent distributor to the build

material based on the build module data.

8 . The build module of claim 6 wherein the feature comprises a type of the build

material to be held in the build chamber.

9 . The build module of claim 8 further comprising a sensor to detect the type of the

build material.

10. The build module of claim 6 wherein the feature is received in the computer-

readable medium as input from a user.

11. A build module for an additive manufacturing system, the build module

comprising:

a housing;

a build material chamber in the housing to hold build material; and

a build chamber in the housing, the build chamber comprising a moveable

support member to receive successive layers of the build material from a build

material distributor,

the build module being removably insertable into a build volume of an additive

manufacturing system at a same time as another such build module to allow the

additive manufacturing system to solidify a portion of the successive layers to be

received onto the movable support member.

12. The build modules of claim 11 wherein the build material distributor is part of the

additive manufacturing system in which the build module is removably insertable.



13. The build modules of claim 11 wherein the build material chamber comprises a

moveable support member to hold the build material.

14. The build modules of claim 11 wherein the build module is to be removably

inserted into the build volume generally laterally.

15. The additive manufacturing system to removably receive the build module of

claim 1.













A. CLASSIFICATION OF SUBJECT MATTER

B29C 67/00(2006.01)i

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
B29C 67/00; C04B 35/64; B29C 31/04; B28B 17/00; B29C 67/04; B28B 11/24

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

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

eKOMPASS(KIPO internal) & keywords: additive manufacturing, three-dimensional object, layer-by-
layer, refill, cleaning, removably, insertable, build module

DOCUMENTS CONSIDERED TO BE RELEVANT

Category Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

EP 2463081 Al (3M INNOVATIVE PROPERTIES CO. ) 13 June 2012 1-15

See abst ract ; paragraphs [0026H0051] and [0064H0066] ; f i g s . 1-8 and 14 .

US 2007-0075460 Al (WAHLSTROM, B. e t a l . ) 05 Apr i l 2007 1-15

See abst ract ; paragraphs [0010H0023] and [0048]- [0078] ; f i g s . 1-10 .

US 2004-0084814 Al (BOYD , M. D. e t a l . ) 06 May 2004 1-15

See abst ract ; paragraphs [0016]- [0037] ; f i g s . 1-3 .

J P 2008-302701 A ( Z CORPORATION) 18 December 2008 1-15

See abst ract ; paragraphs [0019]- [0066] ; f i g s . 1-6.

J P 2006-312310 A (3D SYSTEMS , INC. ) 16 November 2006 1-15

See abst ract ; paragraphs [0019] - [0040] f i g s . 1-3 .

I IFurther documents are listed in the continuation of Box C . See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand

to be of particular relevance the principle or theory underlying the invention
"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone

cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report

16 October 2014 (16. 10.2014) 16 October 2014 (16.10.2014)
Name and mailing address of the ISA/KR Authorized officer «

tt International Application Division
Korean Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Daejeon Metropolitan City, 302-701,

KANG, Sung Chul
:"¾

V Republic of Korea

Facsimile No. +82-42-472-7140 Telephone No. +82-42-481-8405

Form PCT/ISA/210 (second sheet) (July 2009)



Information on patent family members PCT/US2014/032333

Patent document Publication Patent family Publication
cited in search report date member(s) date

EP 2463081 Al 13/06/2012 WO 2012-078533 Al 14/06/2012

US 2007-0075460 Al 05/04/2007 CN 1939706 A 04/04/2007
CN 1939706 CO 04/04/2007
CN 1974185 A 06/06/2007
CN 1974185 B 14/11/2012
CN 1974185 CO 06/06/2007
EP 1769901 A2 04/04/2007
EP 1769901 A3 04/12/2013
EP 1790463 Al 30/05/2007
EP 1790463 Bl 03/11/2010
JP 2007-098947 A 19/04/2007
JP 2007-145021 A 14/06/2007
JP 4999059 B2 15/08/2012
US 2007-0075461 Al 05/04/2007
us 7520740 B2 21/04/2009

US 2004-0084814 Al 06/05/2004 None

JP 2008-302701 A 18/12/2008 AT 533610 T 15/12/2011
CA 2447573 Al 27/02/2003
CA 2447573 C 01/12/2009
CA 2460447 Al 03/04/2003
EP 0949993 A2 11/09/2002
EP 0949993 Bl 06/11/2002
EP 0949993 B2 25/01/2006
EP 1264679 A2 11/12/2002
EP 1264679 A3 22/01/2003
EP 1264679 Bl 19/10/2005
EP 1264679 B8 28/12/2005
EP 1385704 A2 04/02/2004
EP 1385704 Bl 16/11/2011
EP 1429911 A2 23/06/2004
EP 1429911 Bl 14/03/2012
EP 1429911 B8 18/04/2012
EP 1621311 A2 01/02/2006
EP 1621311 A3 26/04/2006
EP 1621311 Bl 20/05/2009
EP 1847370 A2 24/10/2007
EP 1847370 A3 31/10/2007
EP 2261009 Al 15/12/2010
H 1059761 Al 07/09/2012
JP 2001-507295 A 05/06/2001
JP 2004-538191 A 24/12/2004
JP 2005-503939 A 10/02/2005
JP 2010-058519 A 18/03/2010
JP 4491230 B2 30/06/2010
JP 4537476 B2 01/09/2010
JP 4611629 B2 12/01/2011

Form PCT/ISA/210 (patent family annex) ( y 2009)



Information on patent family members PCT/US2014/032333

Patent document Publication Patent family Publication
cited in search report date member(s) date

JP 5059832 B2 31/10/2012
us 2002-0079601 Al 27/06/2002
us 2004-0012112 Al 22/01/2004
us 2006-0141145 Al 29/06/2006
us 2009-0011066 Al 08/01/2009
us 2010-0151136 Al 17/06/2010
us 6007318 A 28/12/1999
us 6375874 Bl 23/04/2002
us 6989115 B2 24/01/2006
us 7037382 B2 02/05/2006
us 7435368 B2 14/10/2008
us 7686995 B2 30/03/2010
us 8017055 B2 13/09/2011
wo 03-016067 A2 27/02/2003
wo 03-016067 A3 27/11/2003
wo 03-026876 A2 03/04/2003
wo 03-026876 A3 07/08/2003
wo 98-28124 A2 02/07/1998

JP 2006-312310 A 16/11/2006 DE 102006014281 Al 05/10/2006
DE 602006006738 Dl 25/06/2009
EP 1707341 Al 04/10/2006
EP 1707341 Bl 13/05/2009
JP 4919326 B2 18/04/2012
US 2006-0219671 Al 05/10/2006
us 7790096 B2 07/09/2010

Form PCT/ISA/210 (patent family annex) ( y 2009)


	abstract
	description
	claims
	drawings
	wo-search-report

