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Description

Title of Invention: LAMINATE MOLDING METHOD AND

PROGRAM FOR USE IN THE SAME

Technical Field
[0001] The present invention relates to molding of a three-dimensional object using a

laminate molding method.

Background Art
[0002] In recent years, a technique of performing molding by successively laminating layers

corresponding to cross sections (slices) obtained by cutting a molding target along one

direction has been actively developed. This technique is referred to as a laminate

molding method or AM (Additive Manufacturing) and various methods are known.

This technique has been utilized for prototyping machine parts and products in many

cases.

[0003] According to the laminate molding method, in order to maintain the shape of a

structure configuring a molding target in a molding process, a support body supporting

the structure is sometimes required. The lower side of a portion where the structure

largely overhangs (overhang portion) is easily deformed due to the gravity or force

applied in molding, and therefore the portion is a typical region where the support

body is required.

[0004] The support body is a member which assists molding and is a member which finally

becomes unnecessary. Therefore, after molding is completed, the support body is

removed from the structure by manual removal or a method including melting by a

solvent or heat, for example. Since the time required for the removal of the support

body is included in the time required for molding of a final structure, a method for

removing the support body in a short time has been demanded.

[0005] PTL 1 discloses a method including configuring a support body using a plurality of

kinds of support materials, and disposing a support material having a good releasability

from a molding target among the plurality of kinds of support materials along a

boundary portion between the support body and the molding target. Such a method

achieves easy removal of the support body from the structure.

Citation List

Patent Literature
[0006] PTL 1: Japanese Patent Laid-Open No. 2004-255839

Summary of Invention

Technical Problem



[0007] However, according to the method of PTL 1, the kind of the required support

materials increases, and thus a mechanism is required which supplies the support

materials corresponding to the increased number of kinds of the support materials.

[0008] With an increase in the kind of the materials to be used for molding, the con

figuration of a molding device becomes further complicated or the size of the molding

device further increases. It is more suitable to use a molding material supply

mechanism of the molding device for increasing the kind of a molding material than

for increasing the kind of the support material which finally becomes unnecessary

because the degree of freedom of a producible molded article increases.

Solution to Problem
[0009] The present invention can achieve molding with few kinds of support materials and

removal of a support body after molding in a short time. Specifically, the present

invention provides a laminate molding method including performing molding using a

structural material configuring a molding target and a support material to be used for

molding of a support body supporting the molding target, in which the support material

is a material which dissolves in a solvent in which the structural material does not

dissolve, and, when the structure of the support body matches a predetermined

condition, the support body is partially molded with the structural material.

[0010] Or, the present invention provides a program for use in laminate molding using a

structural material configuring a molding target and a support material to be used for

molding of a support body supporting the structural material, and the program includes

processing of extracting a support region where the support body is disposed from

structural data of the molding target, and generating position information, judging

processing of judging whether or not the support region matches a predetermined

condition, and processing of generating structural data of the support body to be

molded in the support region, and, when the support region matches the predetermined

condition in the judging processing, the processing of generating the structural data of

the support body generates data for molding a part of the support region with the

structural material.

[001 1] The processing of generating the structural data of the support body includes

acquiring the structural data of the molding target and the position information of the

support region to generate data about arrangement of the structural material and the

support material in the support region.

[0012] Further features of the present invention will become apparent from the following de

scription of exemplary embodiments with reference to the attached drawings.

Brief Description of Drawings
[0013] [fig.l]Fig. 1 is a view illustrating the entire system of a molding system.



[fig.2]Fig. 2 is a view illustrating an example of the configuration of software

contained in the molding system.

[fig.3]Fig. 3 is a view illustrating a processing flow diagram of support structure con

figuring processing.

[fig.4A]Fig. 4A is a view explaining a support structure according to Embodiment 1.

[fig.4B]Fig. 4B is a view explaining the support structure according to Embodiment 1.

[fig.4C]Fig. 4C is a view explaining the support structure according to Embodiment 1.

[fig.5A]Fig. 5A is a view explaining a support structure according to Embodiment 2.

[fig.5B]Fig. 5B is a view explaining the support structure according to Embodiment 2.

[fig.6A]Fig. 6A is a view explaining a support structure according to Embodiment 3.

[fig.6B]Fig. 6B is a view explaining the support structure according to Embodiment 3.

[fig.7A]Fig. 7A is a view explaining a support structure according to Embodiment 4.

[fig.7B]Fig. 7B is a view explaining the support structure according to Embodiment 4.

[fig.8]Fig. 8 is a view illustrating an example of a molding device which can be

suitably used in the present invention.

Description of Embodiments
[0014] Before describing the present invention, the terms used in the present invention are

first defined.

[0015] A "molding target" refers to a three-dimensional object to be molded. A material

configuring the molding target is referred to as a "structural material". A portion

configured with the structural material included in a molded article during a molding

process is referred to as a "structure."

[0016] A region where a member for supporting the structure is disposed in order to assist

molding of an overhang portion, a portion with a narrow width, and the like of the

molding target is referred to as a "support region". A member formed in the support

region is referred to as a "support body". A material used only for molding of the

support body is referred to as a "support material". Hereinafter, the structural material

and the support material are collectively referred to as a molding material.

[0017] A molded article configured with the structure and the support body, i.e., a molded

article before the support body is removed, is simply referred to as a molded article. A

structure obtained by removing the support body from the molded article after molding

is completed serves as a molding target.

[0018] Next, molding materials are described. In the present invention, materials which can

be selectively removed in a state where the structural material and the support material

are mixed, such as materials which dissolve in a solvent in which the structural

material does not dissolve and materials which dissolve at a temperature lower than the

temperature at which the structure dissolves, are used as the support material. In



particular, a water-soluble support material is particularly suitably from the viewpoint

that the solvent is inexpensive and the environmental load is low. Since a support body

molded with the water-soluble support material dissolves when brought into contact

with a solvent containing water, the support body can be easily removed. Herein, the

water solubility refers to a property that the solubility in water is 0.1 or more. The

solubility in water refers to a numerical value indicating the mass of a material which

melts in 100 g of pure water at a water temperature of 20°C at one atmospheric

pressure by the unit of gram.

[0019] Specifically, as the water-soluble materials suitable for the support material, water-

soluble inorganic materials, water-soluble dietary fibers, water-soluble carbohydrates,

such as carbohydrates, polyalkylene oxide, polyvinyl alcohol (PVA), and polyethylene

glycol (PEG) are suitable. Specific examples of the water-soluble dietary fibers include

polydextrose and inulin. Specific examples of the carbohydrates include sucrose,

lactose, maltose, trehalose, melezitose, stachyose, and maltotetraose. Specific

examples of the polyalkylene oxide include polyethylene glycol (PEG).

[0020] On the other hand, as the structural material, thermoplastic substances, such as ABS,

PP (polypropylene), PE (polyethylene), PS (polystyrene), PMMA (acryl), PET

(polyethylene terephthalate), PPE (polyphenyleneether), PA (nylon/polyamide), PC

(polycarbonate), POM (polyacetal), PBT (polybutylene terephthalate), PPS

(polyphenylene sulfide), PEEK (polyetheretherketone), LCP (liquid crystal polymer),

fluororesin, urethane resin, elastomer, PVA (polyvinyl alcohol), and PEG

(polyethylene glycol), are suitable, for example. In addition thereto, metals and

inorganic substances are mentioned. These substances may be used alone or as a

mixture.

[0021] Then, the present invention is described with reference to the accompanying

drawings.

[0022] Fig. 1 is a schematic view illustrating the entire molding system according to the

present invention. A molding device 101 is a device which receives structural data of a

molding target as an input, and then produces a molded article using a laminate

molding method. For the production of the molded article, at least the structural

material is used, and the support material is used according to the shape of the molding

target.

[0023] The structural data contains data about a three-dimensional shape. When the kind of

molding materials can be selected, the structural data may further contain color in

formation, material information, and the like. The data about the three-dimensional

shape refers to the plane normal line vector and the coordinate values of the three

vertices of a triangle in the case of a STL (Standard Triangulated Language) format,

for example, but any format may be acceptable.



[0024] Structural data 201 of a molding target is transmitted to the molding device 101 from

an information processing device 102 through a communication path 103. The commu

nication path 103 may be any means insofar as the means allows transmission/

reception of data among a plurality of devices, such as LAN (Local Area Network) and

USB (Universal Serial Bus). The information processing devices 102 is a personal

computer, a tablet device, or the like, for example, and is a device having a data

processing mechanism and capable of transmitting data to the outside.

[0025] The molding device 101 has a ROM and a RAM and executes a molding program

stored beforehand in the ROM to control each device relating to data processing and

molding. Fig. 2 illustrates the outline of a processing portion relating to processing of

configuring a support structure from the acquired structural data 201 of the molding

target among processing executed by the molding program which is a part of the

software configuration of the molding device 101. The molding program does not

always need to be executed by the molding device 101 and may be executed anywhere

insofar as the execution is performed in the molding system.

[0026] A series of processing by which slice data 208 for molding is generated from the

acquired structural data 201 of the molding target in the molding program is described.

[0027] The structural data 201 of the molding target is first read into a support region ex

tracting portion 202. In the support region extracting portion 202, processing of

analyzing the structural data 201 of the molding target, and then extracting a support

region where a support body is needed in molding is performed, so that support region

information 203 is generated. Herein, the support region information 203 is position in

formation of the portion extracted as the support region and refers to data represented

by three-dimensional coordinate information.

[0028] The support region information 203 is transmitted to a support structure configuring

portion 204. In the support structure configuring portion 204, the contents of setting in

formation 205 or device information 206 are referred to together with the support

region information 203, so that the structure of the support region is determined. The

setting information 205 is information set beforehand by a user or an operator. The

device information 206 is information which dynamically changes, such as specific in

formation showing the operation specification of the molding device 101 or remaining

amount information of various materials.

[0029] Then, support region configuring information 207 which is structural data of the

support body to be disposed in the support region is generated. The support region con

figuring information 207 (structural data of the support body) of the present invention

contains data about the classification (structural material or support material) of the

materials configuring the support region and the arrangement thereof.

[0030] Next, slice data 208 is generated from the support region configuring information



207 and the structural data 201 of the molding target. The slice data 208 is data

generated by slicing a molded article to be produced at predetermined intervals in the

lamination direction and includes arrangement information of molding materials of

each layer. When the structural data 201 of the molding target contains color in

formation, material information, and the like, the slice data 208 also contains in

formation of the kind of materials to be used for molding and arrangement information

of various materials. The molding program controls each device of the molding device

101 to successively laminate layers on which the structural material and the support

material are disposed based on the generated slice data 208 for molding.

[0031] Each of the structural data 201, the support region information 203, the setting in

formation 205, the device information 206, and the support region configuring in

formation 207 of the molding target is stored in storage portions, such as RAM and

HDD, of the molding device 101 and the setting or the acquisition thereof is performed

by reading/writing processing thereof.

[0032] Fig. 3 is a flow diagram illustrating in detail the processing of generating the support

region configuring information (structural data of the support body) 207 in the support

structure configuring portion 204. In Step S301, the support structure configuring

portion 204 acquires the support region information 203. In Step S302, the support

structure configuring portion 204 acquires the setting information 205 and the device

information 206. Then, when the support structure configuring portion 204 generates

the structural data of the support body to be provided in the support region in Step

S303, judging processing of judging whether or not the support body is configured

with only the support material is performed. In this step, when the judging processing

is performed based on a condition set beforehand, and then the judging condition is

matched, the process proceeds to Step S304. When the judging condition is not

matched, the process proceeds to Step S305.

[0033] Examples of the judging condition include, for example, "whether or not the volume

or the side length of the support region is equal to or higher than a prescribed value",

"whether or not information permitting support by the structural material is contained

in the setting information 205", "whether or not the remaining amount of the support

material included in the device information 206 is equal to or lower than a prescribed

amount", and the like. The judging processing may be performed based on one judging

condition and may be performed based on the combination of a plurality of judging

conditions.

[0034] As an example of setting "whether or not the volume or the side length of the support

region is equal to or higher than a prescribed value" as the judging condition, when the

prescribed value is set as 5 mm, it is judged whether or not the shortest side of the

support region of the molding target is 5 mm or more. When the condition is matched,



it is regarded that the condition for the process to proceed to Step S304 is matched.

With respect to the prescribed value, a fixed value may be set as a parameter peculiar

to the device or the prescribed value can be set and changed by a user.

[0035] As an example of setting the remaining amount of the support material as the judging

condition, when the prescribed amount is defined as 1/10 of the charged amount of the

support material contained in a material storage portion of the molding device 101, the

remaining amount in molding is measured, and then it is judged whether the remaining

amount is 1/10 or less of the total amount. When the measured remaining amount is

1/10 or less of the total amount, it is recognized that the condition for the process to

proceed to Step S304 is matched. Alternatively, the volume of the support region of the

molding target is calculated, and then comparison is performed whether or not a

sufficient amount of the support material required for support remains. Then, when the

remaining amount of the support material is not sufficient, it may be regarded that the

condition for the process to proceed to Step S304 is matched.

[0036] The specific values of the prescribed amounts mentioned herein are examples and do

not limit this example.

[0037] In Step S304, the support structure configuring portion 204 generates the support

region configuring information 207 so that the support body is partially configured

with the structural material. In this step, in order to easily remove the support body

from the structure after the completion of molding, a boundary portion with the

structure of the support body is molded with the support material to divide a region

configured with the structural material from the structure of the support body.

However, insofar as the division between the region configured with the structural

material and the structure of the support body is not difficult to achieve, the region

configured with the structural material of the support body and the structure may be

partially connected to each other. The use ratio and the shape of the structural material

and the support material to be used for molding of the support body to be formed in the

support region may be determined according to the setting information 205 or the

device information 206. For example, when the remaining amount of the support

material or the structural material is detected to be slight by the acquisition of the

device information 206, the support region configuring information 207 for forming a

support body in which the use ratio of the material with a small remaining amount may

be generated. Moreover, when information specifying the use ratio of the structural

material in the support body is contained in the setting information 205, the support

body may be configured based on the information. When the process proceeds to Step

S305, the support structure configuring portion 204 generates the support region con

figuring information 207 for forming the support body only using the support material

without using the structural material.



[0038] The structure and the configuration of the support region is sometimes dynamically

changed during molding. For example, a case where the setting is changed by a user

during molding, a case where a re-decision is made based on the remaining amount of

the material, and the like are mentioned. When the remaining amount of the support

material becomes smaller than the set amount, it is also suitable to recommend a user

to configure a part of the support body with the structural material or to change the use

ratio of the structural material to the support material for use in the support body, for

example, by notification, to promote a user to perform resetting.

[0039] As described above, in the present invention, the structural data of a molding target

and the setting information or the device information are acquired, and then the ar

rangement of the structural material and the support material in the support region is

determined. Thus, according to situations, such as the remaining amount of the

structural material or the support material and the user setting, a part of the support

body is formed with the structural material. Thus, the amount of the support material

dissolving in the removal of the support body is reduced without increasing the kind of

the support material required for the formation of the support body, and the support

body can be removed in a short time.

[0040] Next, the configuration of the support body determined by the support structure con

figuring portion 204 is described with reference to specific examples. The present

invention is not limited to such embodiments.

First Embodiment
[0041] Fig. 4A is a view illustrating the shape of a molding target 401 with XYZ axes. In

this embodiment, layers formed according to slice data created about planes parallel to

the XY plane are laminated in the Z axis direction.

[0042] Fig. 4B is a XZ plan view illustrating a support region 402 and a structure 403 in a

molded article to be produced in order to obtain the molding target 401. When molding

is performed in a direction where the molding target 401 of an "H" shape is turned

sideways, it is necessary to support an overhang portion. Therefore, the space below in

the gravity direction the overhang portion is set as the support region 402. The

structure 403 is a region equivalent to the molding target 401 and is formed with the

structural material in principle. The coordinate information illustrating the positions of

the support region 402 and the structure 403 is treated as the support region in

formation 203 described above.

[0043] Fig. 4C is a view illustrating a case where the support body to be formed in the

support region has a first region 404 formed with the support material and second

regions 405 and 406 formed with the structural material. Information of the materials

configuring each of the first region 404 and the second regions 405 and 406 or the

position thereof is included in the support region configuring information 207. In the



case of Fig. 4C, the support structure configuring portion 204 generates the support

region configuring information 207 for providing the first region 404 along the

interface between the structure 403 and the support region 402, and then generating the

second regions 405 and 406 in the remaining support regions 402. The support body is

formed based on the support region configuring information 207.

[0044] In the generation of the support region configuring information 207, the thickness

and the shape of the first region 404 to be formed with the support material may be de

termined beforehand according to the physical properties of the material or may be de

termined according to user setting or the material remaining amount.

[0045] When the generated support region configuring information 207 and the structural

data 201 of the molding target are combined, the structure of the molded article to be

actually molded can be acquired. Therefore, the molded article which can be produced

from the support region configuring information 207 and the structural data 201 of the

molding target is sliced at fixed intervals in one direction (lamination direction),

whereby slice data is generated.

[0046] The molding system successively laminates a plurality of layers obtained by

disposing the structural material and the support material according to the generated

slice data, whereby a molded article is produced.

[0047] Fig. 8 illustrates an example of a molding device 101 to which the laminate molding

method or the program according to the present invention are suitably applied. The

molding device 101 has a material layer forming portion 801, a molding portion 802,

and a conveyance body 24 which connects the material layer forming portion 801 and

the molding portion 802.

[0048] The material layer forming portion 801 has a material supply portion 21, a photo-

conductor 22, and a light source (not illustrated) according to the number of kinds of

the molding material, and forms a material layer on the conveyance body 24. Fig. 8 i l

lustrates a configuration in which one kind of structural material is used but the

number of the set of the material supply portion 21, the photoconductor 22, and the

light source to be provided in the material layer forming portion 801 can be increased

according to the number of the kinds of structure particles to be used.

[0049] The layer configured with the structural material and the layer configured with the

support material are individually formed on different photoconductors 22a and 22b.

Laser light 23a ejected from the light source scans the photoconductor 22a and laser

light 23b scans the photoconductor 22b, so that latent images are formed on the photo-

conductors 22a and 22b. Specifically, the latent image in the region formed with the

structural material of the slice data is formed on the photoconductor 22a and the latent

image in the region formed with the support material of the slice data is formed on the

photoconductor 22b.



[0050] A material supply portion 21a stores a granular material of the structural material. A

material supply portion 21b stores a granular material of the support material. The

structural material is supplied to the photoconductor 22a from the material supply

portion 21a, so that a layer containing the structural material is formed on the photo

conductor 22a. From the material supply portion 21b, the support material is supplied

to the photoconductor 22b, so that a layer containing the support material is formed on

the photoconductor 22b. The layers formed on the photoconductors 22a and 22b are

successively electrostatically transferred to the conveyance body 24, so that a material

layer containing the structural material and the support material is formed. The order of

transferring the material layers to the conveyance body 24 is not limited thereto. A

layer containing one of the structural material and the support material may be

transferred, and then a layer containing the other material may be transferred for the

formation.

[0051] The material layer formed on the conveyance body 24 is heated, and then transferred

and laminated on a molded article during molding on a stage 25. In the lamination, the

molded article during molding and the heated material layer can be pressurized with a

counter member 26 and the stage 25. The material layer may be heated by the counter

member 26 containing a heater therein or may be heated by a heating unit different

from the counter member 26. Thus, a molded article containing the structure 403

containing the structural material, the support body 404 containing the support

material, and the support bodies 405 and 406 containing the structural material is

formed. A molding device suitable for an electrophotographic system is not limited to

the configuration of Fig. 8.

[0052] When the slice data is transmitted to the molding device of Fig. 8, the material layer

forming portion 801 disposes the molding material and the support material of each

layer according to the slice data, so that a material layer is formed on the conveyance

body 24. The material layer is conveyed to the molding portion 802 by the conveyance

body 24, and is laminated and molded on the stage 25. When the molding is

completed, a molded article is obtained in which the first region 404 formed with the

support material, the structure 403 formed with the structural material, and the second

regions 405 and 406 are produced according to the data generated in the support

structure configuring portion 204. In such a molded article, the second regions 405 and

406 can be simultaneously removed from the structure 403 by selectively dissolving

the first region 404 by bringing the support body into contact with a solvent or by

heating after molding.

[0053] According to this embodiment, the kind of the support material required for the con

figuration of the support body can be reduced as compared with PTL 1. Since most of

the support body is molded with the structural material, the amount of the support



material to be dissolved when removing the support body from the structure decreases,

so that the removable of the support body can be achieved in a short time.

Second Embodiment
[0054] This embodiment describes a case of dividing the region formed with the structural

material of the support body in the processing of generating the support region con

figuring information 207, i.e., the structural data of the support body, in order to more

easily remove a support body. A molding target in this embodiment is the three-

dimensional object illustrated in Fig. 4A similarly as in the case of First Embodiment,

and a description of the same contents as those of First Embodiment is omitted.

[0055] Figs. 5A and 5B illustrate a case of configuring a support body with a first region

404 formed with the support material and a plurality of second regions 405A to 405C

formed with the structural material in the support region 402 of Fig. 4B. Fig. 5A is a

view illustrating the configuration of the support region 402 in the YZ cross section

along the line VA-VA of Fig. 4A. The support body has the first region 404 formed

with the support material and the plurality of second regions 405A to 405C divided by

the first region 404 provided along the XZ plane. The XY cross section along the line

VB-VB of Fig. 5A is illustrated in Fig. 5B. A region equivalent to the second region

406 in First Embodiment is also configured by a plurality of second regions 406A to

406C divided by the first region 404 provided along the XZ plane as in the region 405.

[0056] The support structure configuring portion 204 may determine the propriety of the

division and the number of divisions based on whether or not the volume or the

thickness of the support region 402 is equal to or higher than a prescribed value. Alter

natively, the support structure configuring portion 204 may determine the propriety of

the division and the number of divisions based on the remaining amount of various

materials, the ratio of the materials to be used according to user setting, and the like.

As an example, in a case where the prescribed value of the criterion for the division is

set to 100 mm, when the result of calculating the length in the Y direction of the

support region 402 is 250 mm, 3 is calculated as the number of divisions in the Y

direction by performing the calculation in such a manner as to satisfy the criterion for

the division by the minimum number of divisions. The prescribed value may be de

termined according to the characteristics of materials or devices or the setting of the

prescribed value may be changed by a user. The division direction is not particularly

limited. When the length is set as the criterion for division, the division may be

performed so that the length of the support region 402 exceeds the prescribed value of

the criterion for the division.

[0057] By configuring the support body as described above, the first region 404 easily

dissolves in the removal process of the support body, so that the support body can be

removed in a shorter time. As the prescribed value of the criterion for division is



smaller, the removal time of the support body can be further reduced.

Third Embodiment
[0058] This example describes processing of subdividing a structure support region in order

to achieve easy removal of a support member when the support body needs to be

removed through a region of a limited size, e.g., a configuration in which a structure

has closed space having an opening.

[0059] Fig. 6A is a view illustrating a molding target 601 having a shape in which an

opening 606 is opened in the upper portion of a hollow box with XYZ axes. Molding is

performed by laminating layers parallel to the XY plane in the Z axis direction.

[0060] Fig. 6B illustrates a molding target 603 corresponding to the molding target 601 and

a support body containing a first region 604 formed with a support material and second

regions 605A and 605B formed with a structural material in a cross section along the

line VIB-VIB of Fig. 6A. Supposing that a support region inside the molding target

601 is formed with a second region in which the second regions 605A and 605B are

connected into one region, the support member cannot be removed from the opening

606 in the upper portion of the molding target 601 after the completion of molding. In

order to prevent the generation of such a problem, the support structure configuring

portion 204 divides the second region formed with the structural material into a

plurality of regions to generate structural data of the support body. The propriety of the

division and the number of divisions are determined so that a portion configured with

the structural material of the support body can pass through a removal path the support

body based on the size (size of the opening 606) of the removal path of the support

body estimated from analysis results of the structural data 201 of the molding target

601. Specifically, the size of the region configured with the structural material and the

number of division are calculated so that at least one cross section of the region

configured with the structural material is smaller than the size of the removal path of

the support body, and then the second regions 605A and 605B are determined

according to the calculation results. For example, when the lengths in the X direction

and in the Y direction of the opening 606 are calculated to be 150 mm and 100 mm, re

spectively, the sizes of the upper surfaces of the second regions 605A and 605B are

calculated to be 140 mm and 90 mm, respectively, which are values obtained by sub

tracting 10 mm as a margin from 150 mm and 100 mm. The number of divisions is de

termined by calculating the number of the second regions of the calculated size which

can be contained in the first region 604. The margin value may be determined

according to the characteristics of materials or devices or the setting of the margin

value can be changed by a user.

[0061] By employing such a configuration, the support body can be formed using the

structural material also in a molding process of a molding target in which the removal



of the support body is difficult to achieve.

Fourth Embodiment
[0062] This embodiment describes a case of selecting the shape of a second region formed

with a structural material. The same descriptions as those of First to Third Em

bodiments are omitted.

[0063] A description of this example is given taking a case of simultaneously producing

three molding targets as an example. Fig. 7A is a view illustrating the arrangement in

molding of three molding targets 701A, 701B, and 701C to be produced. As a result of

extracting support regions of the molding targets 701A to 701C by the support region

extracting portion 202, the internal hollow portions are extracted as the support

regions. However, when the processing described in First Embodiment is carried out as

it is, a second region formed with a structural material is formed to have a rectangular

parallelepiped shape. In such a case, a user may confuse a structure 703C and the

second region formed with the structural material which are to be separated from each

other by the process of removing the support body. Then, in this embodiment, in order

to prevent such confusion, a shape which is easily distinguished from a structure can

be selected as the shape of the second region formed with the structural material.

[0064] Fig. 7B is a cross sectional view parallel to the XZ plane illustrating structures 703A,

703B, and 703C corresponding to the molding targets, first regions 704A and 704B

containing support materials, and second regions 705A, 705B, and 705C containing

structural materials. Herein, a support body in the case of performing lamination in the

Z axis direction is illustrated.

[0065] The second regions 705A, 705B, and 705C containing structural materials each have

a cylindrical shape. Since the cylindrical shape used as the shape of the second regions

containing structural materials is different from the shapes of all the molding targets

701, 702, and 703, a user can be prevented from confusing the support body and the

structure containing structural materials.

[0066] The support structure configuring portion 204 determines the shapes of the second

regions 705A, 705B, and 705C formed with structural materials based on the user

setting contained in the setting information 205. Examples of the shape selectable in

this embodiment include shapes different from the shapes of the molding targets, such

as a spherical shape and a rectangular parallelepiped shape, besides the cylindrical

shape. The support structure configuring portion 204 generates the structural data 207

of the support body so that the size of the second regions 705A to 705C formed with

structural materials and the arrangement thereof in a support region are determined

according to the determined shape, and then the remaining support regions are com

pensated by the first regions 704A and 704B formed with support materials.

[0067] For the determination of the shapes and the sizes of the second regions formed with



structural materials, automatic processing of determining the shape which is easily dis

tinguished from the structure according to the shape of the molding target may be

employed besides the processing of referring to the user setting.

[0068] Moreover, in the purpose of easily distinguishing the second regions from the

structure, not only the shape but the surface color of the second regions formed with

structural materials can be selected. In this case, besides determining the surface color

referring to color selection information by a user, automatic processing may be

employed which includes determining the surface color of the second regions formed

with structural materials with colors other than the color to be used for the structure

surface referring to the color information contained in the structural data. However, in

this case, the molding system needs to have molding materials of a plurality of colors.

[0069] Moreover, the shape of the surfaces of the second regions formed with structural

materials may be formed into a shape which can be distinguished from the structure or

identification marks or characters for identification of the support may be formed by

printing or provided with colors different from the color of the support body on the

surface of the support body containing the structural material.

[0070] The processing described above can prevent the confusion between the structure and

the portion formed with the structural material of the support body.

[0071] Embodiments of the present invention can also be realized by a computer of a system

or apparatus that reads out and executes computer executable instructions (e.g., one or

more programs) recorded on a storage medium (which may also be referred to more

fully as a non-transitory computer-readable storage medium') to perform the functions

of one or more of the above-described embodiments and/or that includes one or more

circuits (e.g., application specific integrated circuit (ASIC)) for performing the

functions of one or more of the above-described embodiments and by a method

performed by the computer of the system or apparatus by, for example, reading out and

executing the computer executable instructions from the storage medium to perform

the functions of one or more of the above-described embodiments and/or controlling

the one or more circuits to perform the functions of one or more of the above-described

embodiments. The computer may comprise one or more processors (e.g., central

processing unit (CPU), micro processing unit (MPU) and may include a network of

separate computers or separate processors to read out and execute the computer ex

ecutable instructions. The computer executable instructions may be provided to the

computer, for example, from a network or the storage medium. The storage medium

may include, for example, one or more of a hard disk, a random-access memory

(RAM), a read only memory (ROM), a storage of distributed computing systems and

an optical disk (such as a compact disc (CD), digital versatile disc (DVD), or Blu-ray

Disc (BD)*), a flash memory device, a memory card, and the like.



[0072] As described above, the present invention can provide a molding method of a three-

dimensional object capable of removing a support body in a short time without in

creasing the kind of the support material required for the formation of the support

body.

[0073] While the present invention has been described with reference to exemplary em

bodiments, it is to be understood that the invention is not limited to the disclosed

exemplary embodiments. The scope of the following claims is to be accorded the

broadest interpretation so as to encompass all such modifications and equivalent

structures and functions.

[0074] This application claims the benefit of Japanese Patent Application No. 2015-148154,

filed July 27, 2015, and No. 2016-139790, filed July 14, 2016, which are hereby in

corporated by reference herein in their entirety.
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Claims
A laminate molding method comprising:

performing molding using a structural material configuring a molding

target and a support material to be used for molding of a support body

supporting the structural material, wherein the support material is a

material which dissolves in a solvent in which the structural material

does not dissolve, and, when a structure of the support body matches a

predetermined condition, the support body is partially molded with the

structural material.

The laminate molding method according to Claim 1, wherein a

boundary portion with the molding target of the support body is molded

with the support material.

The laminate molding method according to Claim 1 or 2, wherein a

water-soluble material is used as the support material.

The laminate molding method according to Claim 3, wherein the

molding target is obtained by bringing a molded article obtained by

completing molding into contact with a solvent containing water to

dissolve a portion molded with the support material.

The laminate molding method according to Claim 1, wherein the prede

termined condition is based on at least one of information of a device to

be used for molding and setting information.

The laminate molding method according to Claim 5, wherein the in

formation of the device is remaining amount information of the

structural material and the support material of the device.

The laminate molding method according to Claim 6, wherein it is

judged whether or not a part of a support body to be molded later is

molded using the structural material referring to the remaining amount

information during molding.

The laminate molding method according to any one of Claims 1 to 7,

wherein, when a volume or a side length of the support body is equal to

or higher than a prescribed value, a region molded with the structure of

the support body is divided into a plurality of regions in such a manner

that a volume or a side length of the region molded with the structural

material of the support body is lower than the prescribed value.

The laminate molding method according to any one of Claims 1 to 7,

wherein a size of a removal path of the support body estimated from the

molding target is calculated, and then a size of the portion configured
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with the structural material of the support body is molded to be smaller

than the size.

[Claim 10] The laminate molding method according to any one of Claims 1 to 9,

wherein a shape of the region containing the structural material of the

support body or a color of the structural material is set referring to a

shape of the molding target, color information, or the setting in

formation.

[Claim 11] The laminate molding method according to Claim 10, wherein molding

is performed in such a manner that the shape of the region containing

the structural material of the support body or a color of the structural

material to be used for molding is different from a shape or a color of

the molding target.

[Claim 12] The laminate molding method according to any one of Claims 1 to 11,

wherein an identification mark or a character for identification of the

support body is formed on a surface of the support body molded with

the structural material.

[Claim 13] A program for use in laminate molding using a structural material con

figuring a molding target and a support material to be used for molding

of a support body supporting the molding target, the program

comprising:

processing of extracting a support region where the support body is

disposed from structural data of the molding target, and generating

position information;

judging processing of judging whether or not the support region

matches a predetermined condition; and

processing of generating structural data of a support body to be molded

in the support region, wherein, when the support region matches the

predetermined condition in the judging processing, the processing of

generating the structural data of the support body generates data for

molding a part of the support region with the structural material.

[Claim 14] The program according to Claim 13, wherein the processing of

generating the structural data of the support body generates data for

molding a boundary portion with the molding target of the support

region with the support material.

[Claim 15] The program according to Claim 13 or 14, wherein the judging

processing judges referring to remaining amount information of the

structural material and the support material that the support region

matches the predetermined condition when the remaining amount in-
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formation is lower than an amount set beforehand.

The program according to Claim 15, comprising:

processing of, referring to the remaining amount information of the

structural material and the support material in the judging processing,

promoting a user to specify a use ratio of the structural material and the

support material in the support region by notification when the

remaining amount information is lower than the amount set beforehand.

The program according to any one of Claims 13 to 16, wherein the

processing of generating the structural data of the support body

includes processing of calculating a volume of the support region, and

then comparing the volume with a prescribed value, and, when the

volume of the support region is equal to or higher than the prescribed

value, a volume of a region formed with a structural material is made

lower than the prescribed value.

The program according to any one of Claims 13 to 16, wherein the

processing of generating the structural data of the support body

calculates a size of a removal path of the support body estimated from

the structural data of the molding target, and then makes a size of a

portion molded with the structural material smaller than the size of the

removal path of the support body.

The program according to any one of Claims 13 to 18, wherein the

processing of generating the structural data of the support body de

termines a shape or a surface color of the portion molded with the

structural material based on information set beforehand, or shape or

color information of the molding target contained in the structural data.

The program according to any one of Claims 13 to 19, comprising:

processing of generating slice data including arrangement information

of the structural material and the support material of each layer from

the structural data of the molding target and the generated structural

data of the support body.
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AMENDED CLAIMS

received by the International Bureau on 26 December 2016 (26.12.2016)

aim 1] (Amended) A laminate molding method using a structural material
configuring a molding target and a support material to be used for
molding of a support body supporting the structural material,
comprising:

analyzing a structural data of a molding target,
extracting a support region where the support body is to be

provided in the molding; and
generating structural data of the support body,
wherein the support material is a material which dissolves in a

solvent in which the structural material does not dissolve, and
when the extracted support region matches a predetermined

condition of at least one of information of a device to be used for the
molding and setting information, data for molding a part of the
support body with the structural material is generated in the
generating the structural data of the support body.

aim 2] The laminate molding method according to Claim 1, wherein a
boundary portion with the molding target of the support body is

molded with the support material.
aim 3] The laminate molding method according to Claim 1 or 2, wherein a

water-soluble material is used as the support material.
aim 4] (Amended) The laminate molding method according to Claim 3,

wherein the molding target is obtained by bringing a molded article
obtained by the molding into contact with a solvent containing water
to dissolve a portion molded with the support material.

aim 5] (Deleted)
aim 6] (Amended) The laminate molding method according to Claim 1,

wherein the information of the device is remaining amount
information of the structural material and the support material of the
device.

aim 7] (Amended) The laminate molding method according to Claim 6,

wherein it is judged whether or not a part of the support body to be
molded is molded using the structural material referring to the
remaining amount information during molding.

aim 8] (Amended) The laminate molding method according to any one of
Claims 1to 4, 6 and 7,

wherein the setting information includes a prescribed value of a
volume or a side length of the support region, and

when the volume or the side length of the support region is equal to
or higher than the prescribed value, the structural data for dividing a
portion molded with the structural material of the support body into a
plurality of regions in such a manner that a volume or a side length of
the region molded with the structural material of the support body is

lower than the prescribed value is generated in the generating the
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structural data of the support body.
[Claim 9] (Amended) The laminate molding method according to any one of

Claims 1 to 4, 6 and 7,

wherein, in a case where the molding target has a shape that the
support body is removable through a region smaller than the support
region, a size of a removal path of the support body estimated from
the molding target is calculated, and then a size of a portion molded
with the structural material provided in the support region is molded
to be smaller than the size of a removal path.

[Claim 10] (Amended) The laminate molding method according to any one of
Claims 1 to 4, and 6 to 9,

wherein a shape of a portion molded with the structural material of
the support body or a color of the structural material of the support
body is set referring to a shape of the molding target, color
information, or the setting information.

[Claim 11] (Amended) The laminate molding method according to Claim 10,

wherein the molding is performed in such a manner that the shape
of the portion molded with the structural material of the support body
or a color of the structural material of the support body to be used for
molding is different from a shape or a color of the molding target.

[Claim 12] (Amended) The laminate molding method according to any one of
Claims 1 to 4, and 6 to 11,

wherein an identification mark or a character for identification of
the support body is formed on a surface of a portion molded with the
structural material of the support body.

[Claim 13] (Amended) A program for use in laminate molding using a structural
material configuring a molding target and a support material to be
used for molding of a support body supporting the molding target, the
program comprising:

processing of extracting a support region where the support body is

disposed from structural data of the molding target, and generating
position information;

judging processing of judging whether or not the support region
matches a predetermined condition of at least one of information of a
device to be used for the molding and setting information; and

processing of generating structural data of the support body to be
molded in the support region,

wherein, when the support region matches the predetermined
condition in the judging processing, the processing of generating the
structural data of the support body generates data for molding a part of
the support body with the structural material.

[Claim 14] The program according to Claim 13, wherein the processing of
generating the structural data of the support body generates data for
molding a boundary portion with the molding target of the support
region with the support material.
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[Claim 15] The program according to Claim 13 or 14, wherein the judging
processing judges referring to remaining amount information of the
structural material and the support material that the support region
matches the predetermined condition when the remaining amount
information is lower than an amount set beforehand.

[Claim 16] (Amended) The program according to Claim 15, further comprising:
processing of, referring to the remaining amount information of the

structural material and the support material in the judging processing,
promoting a user to specify a use ratio of the structural material and
the support material in the support region by notification when the
remaining amount information is lower than the amount set
beforehand.

[Claim 17] (Amended) The program according to any one of Claims 13 to 16,

wherein the processing of generating the structural data of the
support body includes processing of calculating a volume of the
support region, and then comparing the volume with a prescribed
value of a volume or a side length of the support region, and

when the volume of the support region is equal to or higher than the
prescribed value, a volume of a region formed with a structural
material is made lower than the prescribed value.

[Claim 18] The program according to any one of Claims 13 to 16, wherein the
processing of generating the structural data of the support body
calculates a size of a removal path of the support body estimated from
the structural data of the molding target, and then makes a size of a
portion molded with the structural material smaller than the size of the
removal path of the support body.

[Claim 19] (Amended) The program according to any one of Claims 13 to 18,

wherein the processing of generating the structural data of the support
body determines a shape or a surface color of the portion molded with
the structural material different from a shape or a color of the molding
target referring to information set beforehand, or shape or color
information of the molding target contained in the structural data.

[Claim 20] (Amended) The program according to any one of Claims 13 to 19,

further comprising:
processing of generating slice data including arrangement

information of the structural material and the support material of each
layer from the structural data of the molding target and the generated
structural data of the support body.
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