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(57) ABSTRACT

PROBLEM

To provide a three-dimensional modeling device that can
automatically start model processing so as to end at a time
designated by a user.

RESOLUTION MEANS

A system includes modeling data storing means for storing
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modeling data including the three-dimensional shape of the

THREE-DIMENSIONAL MODELING DEVICE 10

model target object and the position and orientation of the

model target object on the modeling stage 112, a model
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processing unit 402 for performing model processing to form
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processing, a scheduled end time calculating unit 404 for
calculating the scheduled end time on the basis of the

estimated modeling time and the scheduled start time, and a

LAN1

scheduled time displaying means for displaying the
scheduled start time and the scheduled end time. The model
processing unit 402 starts model processing at the
scheduled start time.
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THREE-DIMENSIONAL MODELING DEVICE AND MODELING SYSTEM

DETAILED DESCRIPTION OF THE INVENTION

TECHNICAL FIELD

[0001] The present invention relates to a three-dimensional modeling device
and a modeling system, and more particularly to an improvement of a three-
dimensional modeling device that sequentially laminates modeling material

layers made of modeling material on a modeling stage.

CONVENTIONAL TECHNOLOGY

[0002] In recent years, lamination modeling methods have been used to easily
manufacture a three-dimensional model object. The lamination modeling method
is a manufacturing method in which a model target object is divided into a plurality
of thin layers, thin plates are formed with the same two-dimensional shape as
each layer, and these thin plates are then lamination molded to create a three-
dimensional model object, and is used for rapid prototyping. These lamination
modeling methods include photolithography, powder bonding, sheet deposition,

resin extrusion, and inkjet methods (for example, see Patent Document 1).

[0003] An inkjet modeling method is a modeling method that utilizes the
technology of inkjet printers, where instead of ink, a light-curable modeling
material such as ultraviolet (UV) curable resin is used. The modeling material
is discharged from a nozzle and deposited on the modeling stage, where the
modeling material is solidified by irradiating with light. In this modeling
method, a modeling material nozzle, which has a large number of discharge
ports arranged in a substantially straight line for discharging the modeling
material, is two-dimensionally scanned parallel to the modeling stage to form
a slice layer of the modeling material, and a three-dimensional model object

is formed by laminating the slice layers in sequence.
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PRIOR ART DOCUMENTS

PATENT DOCUMENTS

[0004] Patent Document 1: Japanese Unexamined Patent Application 2004-
90530

SUMMARY OF THE INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0005] In the case of an inkjet modeling device, the modeling material used
includes model material that contains the model target object and support material
that supports overhanging portions of the model target object. In such a modeling
device, if the model object formed on the modeling stage is left as is, the support
material may degrade and fall off the modeling stage. Therefore, the model object

is preferably removed immediately after model processing is completed.

[0006] However, model processing takes several hours to several tens of
hours, so there are cases where the user is not nearby when model processing
is completed, and the modeled object may be left unattended for a long period
of time after model processing is completed. This problem can be solved if
model processing is completed at the time desired by the user. Therefore,
model processing can conceivably be started so that model processing ends
at a desired time. In order to end model processing at a desired time, model
processing must start at an appropriate timing by taking into consideration the
time required for model processing. Therefore, the user must determine the
start time from the time required for model processing and the end time, and

then start model processing at the start time, which is a cumbersome task.
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[0007] In addition, the modeling material used for model processing is stored
in a tank. Therefore, if the remaining amount of the modeling material in the
tank is low, the tank needs to be replaced and the modeling material needs
to be replenished, and if the modeling material in the tank runs out during
model processing, model processing stops. In this case, if the tank is left
without being replaced, there is a problem that model processing will not be

completed even at a predetermined end time of model processing.

[0008] The present invention has been made in consideration of the
aforementioned circumstances, and an object thereof to provide a three-
dimensional modeling device and a modeling system that can automatically
start model processing so as to end at a time specified by a user. Another
object of the present invention is to provide a three-dimensional modeling
device that allows a user to easily schedule a modeling session by specifying

a scheduled start time or a scheduled end time.

[0009] Another object of the present invention is to provide a three-
dimensional modeling device that allows a user to recognize in advance
whether or not replacement of a modeling material storage tank is required
during execution of model processing. Furthermore, an object of the present
invention is to provide a three-dimensional modeling device that allows a user
to recognize in advance the appropriate timing for replacing a modeling

material storage tank during execution of model processing.

[0010] Another object of the present invention is to provide a three-
dimensional modeling device that can prompt a user to replace a modeling
material storage tank or notify the user of completion of model processing.

MEANS FOR SOLVING THE PROBLEM

[0011] The three-dimensional modeling device according to the first aspect of

the present invention is a three-dimensional modeling device that by sequential
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lamination molds modeling material layers made of modeling material on a
modeling stage, containing: modeling data storing means for storing modeling
data including a three-dimensional shape of a model target object and a position
mode indicating a position and an orientation of the model target object on the
modeling stage; model processing means that performs model processing to
form a model target object on the modeling stage on the basis of the modeling
data; estimated modeling time storing means for storing an estimated modeling
time required for model processing calculated on the basis of a three-
dimensional shape of the model target object and the position and orientation
on the modeling stage; scheduled time receiving means capable of receiving a
first scheduled time on the basis of one of a scheduled start time or a scheduled
end time of model processing; modeling time calculating means for calculating
a second scheduled time on the basis of the time estimated modeling time and
the first scheduled time received by the scheduled time receiving means; and
scheduled time displaying means for displaying the first scheduled time received
from the scheduled time receiving means and the second scheduled time
calculated by the modeling time calculating means; wherein model processing

means starts model processing at the scheduled start time.

[0012] With this three-dimensional modeling device, model processing can be
automatically started so that model processing will end at a time designated by
the user. Therefore, model processing ends at the time desired by the user, so
the modeled object can be prevented from being left as is after model
processing ends. Furthermore, the user can easily perform model scheduling

since only specifying a scheduled start time or a scheduled end time is required.

[0013] The three-dimensional modeling device of the second aspect of the
present invention has, in addition to the aforementioned configuration, a
configuration further including: a removable modeling material storage tank
for containing the modeling material prior to use; remaining amount detecting
means for detecting a remaining amount of the modeling material in the

modeling material storage tank; tank replacement determining means for
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determining whether or not the modeling material storage tank needs to be
replaced during execution of model processing on the basis of the remaining
amount; and determination result displaying means that displays the

determination results prior to the start of model processing.

[0014] With this configuration, the determination result of whether or not the
tank needs to be replaced is displayed before performing model processing,
so the user can recognize in advance whether or not the modeling material
storage tank needs to be replaced during model processing. For example, the
user can recognize whether or not tank replacement is required when

specifying the scheduled start time or scheduled end time of model processing.

[0015] The three-dimensional modeling device according to the third aspect
of the present invention has, in addition to the aforementioned configuration,
a configuration including: estimated usage amount calculating means for
calculating an estimated usage amount of the modeling material in model
processing on the basis of the modeling data; and recommended time
calculating means for calculating a recommended time for tank replacement
on the basis of the remaining amount and the estimated usage amount of the
modeling material, wherein the determination result displaying means

displays the recommended time before model processing starts.

[0016] With this configuration, the recommended time for tank replacement is
calculated on the basis of the remaining amount of modeling material and the
estimated usage amount, and is displayed before the start of model processing,
so that the user can recognize in advance the appropriate timing to replace the

modeling material storage tank while performing model processing.

[0017] The three-dimensional modeling device according to the fourth aspect of
the present invention has, in addition to the aforementioned configuration, a
configuration including: scheduled time storing means for storing the scheduled

start time and the scheduled end time in association with the modeling data;
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wherein when model processing is scheduled to be performed before model
processing of the determination target, the tank replacement determining means
determines whether or not the tank needs to be replaced on the basis of the
estimated amount of modeling material used in model processing scheduled to

be performed and the current remaining amount of modeling material.

[0018] With this configuration, the accuracy of the need for tank replacement
can be improved compared to the case where the need for tank replacement
is determined by simply comparing the estimated amount of modeling
material used in model processing as determined by the current remaining

amount of modeling material.

[0019] The three-dimensional modeling device according to the fifth aspect of the
present invention has, in addition to the aforementioned configuration, a
configuration including: destination address storing means for storing a
destination address of a notification e-mail in association with the modeling data;
and notification e-mail sending means for sending the notification e-mail including
a message encouraging tank replacement to a destination specified by the
destination address when the recommended time arrives. With this configuration,
when the recommended time for tank replacement arrives, a notification e-mail is

sent, so the user can be prompted to replace the modeling material storage tank.

[0020] The three-dimensional modeling device according to the sixth aspect
of the present invention has, in addition to the aforementioned configuration,
a configuration including:

destination address storing means for storing a destination address of a
notification e-mail in association with the modeling data; and

notification e-mail sending means for sending the notification e-mail including
a message to notify of the completion of model processing to a destination
specified by the destination address when the scheduled end time arrives.

With this configuration, when the scheduled end time of model processing
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arrives, a notification e-mail is sent, so that the user can be notified of the

end of model processing.

[0021] The modeling system of the seventh present invention is a modeling
system, including a modeling data creating device that generates modeling data
for forming a model target object, and a three-dimensional modeling device that
is connected to the modeling data creating device via a communication network,
and performs model processing for sequentially laminating modeling material
layers made of a modeling material on a modeling stage on the basis of the
modeling data, wherein the modeling data creating device includes:

modeling data generating means that generates modeling data including a
position mode that indicates a three-dimensional shape of a model target object
and the position and orientation of the model target object on the modeling stage;
estimated modeling time calculating means for calculating an estimated modeling
time required for model processing on the basis of a three-dimensional shape of
the model target object and the position and orientation on the modeling stage;
scheduled time receiving means capable of receiving a first scheduled time
on the basis of one of a scheduled start time or a scheduled end time of
model processing; modeling time calculating means for calculating a second
scheduled time on the basis of the time estimated modeling time and the first
scheduled time received by the scheduled time receiving means; and model
settings transmitting means for transmitting the first scheduled time received
by the scheduled time receiving means and the second scheduled time
calculated by the modeling time calculating means, together with the
modeling data, to the three-dimensional modeling device, wherein the three-
dimensional modeling device includes scheduled time storing means for
storing the scheduled time received from the modeling data creating device
in association with the modeling data; and model processing means that,
when the scheduled start time arrives, starts model processing on the basis

of the modeling data associated with the scheduled start time.

EFFECT OF THE INVENTION
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[0022] The present invention can automatically start model processing so as
to end at a time designated by a user. Furthermore, the user can easily
perform model scheduling since only specifying a scheduled start time or a

scheduled end time is required.

[0023] Furthermore, the three-dimensional modeling device of the present
invention displays the determination result of whether or not the tank needs
to be replaced before performing model processing, so the user can
recognize in advance whether or not the modeling material storage tank
needs to be replaced during model processing. Furthermore, the
recommended time for tank replacement is calculated on the basis of the
remaining amount of modeling material and the estimated usage amount,
and is displayed before the start of model processing, so that the user can
recognize in advance the appropriate timing to replace the modeling material

storage tank while performing model processing.

[0024] Furthermore, the three-dimensional modeling device of the present
invention can send a notification e-mail when the recommended time for tank
replacement arrives or when the scheduled end time of the modeling process
arrives, so that the user can be prompted to replace the modeling material

storage tank or informed of the end of model processing.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] FIG. 1 is a system diagram depicting an example of the configuration of a
modeling system 100 including a three-dimensional modeling device 10
according to an embodiment of the present invention;

FIG. 2 is a perspective view depicting an example of the configuration of the
three-dimensional modeling device 10 of FIG. 1, and depicts the state inside

a working space 110 and a cartridge storage part 130;
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FIG. 3 is a diagram depicting an example of a schematic configuration of the
head unit 111 in FIG. 2, depicting the head unit 111 as viewed from the x, vy,
and z directions;

FIG. 4 is an explanatory diagram schematically depicting an example of an
operation during modeling in the three-dimensional modeling device 10 of FIG.
2, in which a three-dimensional model object is formed on a modeling stage 112;
FIG. 5 is an explanatory diagram schematically depicting an example of the
operation during modeling in the three-dimensional modeling device 10 of
FIG. 2, depicting an outward main scanning path and a return main scanning
path in the x direction;

FIG. 6 is an explanatory diagram depicting a schematic diagram of four
passes (scanning in the x-direction) being performed on each of the fields
Fd1 to Fd4 formed on the modeling stage 112;

FIG. 7 is a diagram depicting an example of a position mode of a modeling
target object;

FIG. 8 is a block diagram depicting an example of a configuration of the
modeling requester terminal 20 of FIG. 1;

FIG. 9 is a block diagram depicting an example of the functional configuration
of the three-dimensional modeling device 10 of FIG. 1;

FIG. 10 is a diagram depicting an example of an operation during model
scheduling in the three-dimensional modeling device 10 of FIG. 9, in which a
model setting reception screen 50 and a scheduled model setting screen 60
are depicted;

FIG. 11 is a diagram depicting an example of the operation of the three-
dimensional modeling device 10 of FIG. 9, depicting a standby screen 70 for
scheduled modeling and a monitor screen 80 during model processing;

FIG. 12 is a diagram depicting an example of an operation during model
setting on the modeling requester terminal 20 of FIG. 8, depicting a
notification e-mail setting screen 230;

FIG. 13 is a flowchart depicting an example of an operation during model

scheduling in the three-dimensional modeling device 10 of FIG. 9;

10

10
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FIG. 14 is a flowchart depicting an example of an operation during model
processing in the three-dimensional modeling device 10 of FIG. 9;

FIG. 15 is a diagram depicting another example of the operation during model
scheduling in the three-dimensional modeling device 10 of FIG. 9, depicting the
case where scheduled jobs J1 and J2 exist before determination target job J3;
FIG. 16 is a diagram depicting an example of a change in remaining amount
when there is an overlapping period T3 between a recommended period T1 of
the model material cartridge 13M and a recommended period T2 for the
support material cartridge 13S;

FIG. 17 is a block diagram depicting an example of another configuration of
the modeling requester terminal 20 of FIG. 1;

FIG. 18 is a diagram depicting an example of an operation during model
setting on the modeling requester terminal 20 of FIG. 17, depicting a security
lock setting screen 240;

FIG. 19 is a block diagram depicting another example of the functional
configuration of the three-dimensional modeling device 10 of FIG. 1;

FIG. 20 is a diagram depicting an example of an operation during remodeling in
the three-dimensional modeling device 10 of FIG. 19, depicting a history list
screen 90 displayed on the display unit 122 when viewing the modeling history;
FIG. 21 is a diagram depicting an example of the operation during remodeling
in the three-dimensional modeling device 10 of FIG. 19, displaying an
authentication screen 92 and an error screen 95 on the display unit 122;
FIG. 22 is a flowchart depicting an example of an operation during remodeling
in the three-dimensional modeling device 10 of FIG. 19; and

FIG. 23 is a flowchart depicting an example of an operation when ending

model processing in the three-dimensional modeling device 10 of FIG. 19.
EMBODIMENTS OF THE INVENTION
[0026] First, a schematic configuration of an inkjet modeling device on which

the three-dimensional modeling device according to the present invention is

based will be described with reference to FIGS. 1 to 5.

11
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[0027] <Modeling system 100>

FIG. 1 is a system diagram depicting an example of the configuration of a
modeling system 100 including a three-dimensional modeling device 10
according to an embodiment of the present invention. This modeling system
100 includes a three-dimensional modeling device 10, a modeling requester
terminal 20 and an administrator terminal 21 connected to the three-
dimensional modeling device 10 via a LAN (Local Area Network) 1, an e-mail
server 24 on the Internet 23, and a router 22. The router 22 is a relay device
that relays data transmission between the LAN 1 and the Internet 23. The e-

mail server 24 sends and receives e-mails.

[0028] The three-dimensional modeling device 10 is an inkjet-type lamination
modeling machine that uses a prescribed UV-curable resin as a modeling material
and forms a desired three-dimensional model object by sequentially laminating
modeling material layers made of the modeling material on a modeling stage as
described below. The modeling requester terminal 20 is a PC (personal computer)
on which an application program for three-dimensional modeling is installed, and
functions as a modeling data creating device that generates modeling data for

producing a desired three-dimensional model object.

[0029] The modeling data includes shape information indicating the three-
dimensional shape of a modeling object, and modeling conditions other than the
shape information. The modeling data is created on the basis of, for example,
CAD data, and is processed as necessary into data for each layer as layered data
used in the three-dimensional modeling device 10. However, data processing for
each layer may be performed on the three-dimensional modeling device 10 side.
Modeling conditions other than shape information refer to modeling information
that can be specified regardless of the model target object, and include modeling

parameters such as the type of modeling material, the thickness of the modeling

12
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material layer, scanning speed, and the like, as well as position information that

indicates the position mode of the model target object on the modeling stage.

[0030] The modeling data created in the modeling requester terminal 20 is
transmitted to the three-dimensional modeling device 10. The three-
dimensional modeling device 10 administrates a plurality of modeling data
received from the modeling requester terminal 20 via the LAN 1 as modeling
jobs. In other words, a modeling job includes modeling data and attribute
information stored in association with the modeling data. The attribute
information includes identification information of the modeling data, the date
and time of transmission and reception of the modeling data, and
identification information of the modeling requester. The modeling requester
terminal 20 is a terminal device used by a requester of this model processing,
and the administrator terminal 21 is a terminal device used by an

administrator who administrates the three-dimensional modeling device 10.

[0031] The three-dimensional modeling device 10 is provided with a scheduled
modeling function that performs model processing by specifying the execution
time in advance, and therefore the model processing for forming the model target
object can be automatically started by specifying the modeling job of the

scheduled modeling target and the end time of the scheduled modeling.

[0032] The time required for modeling can be calculated from shape
information of the model object, modeling parameters, and position information
of the model object. Therefore, if specifying either the scheduled start time or
the scheduled end time of modeling is accepted by the operator, both the
scheduled start time and the scheduled end time of modeling can be
determined on the basis of the calculated modeling time. Note that the
modeling time may be calculated by the three-dimensional modeling device 10
on the basis of the modeling data received from the modeling requester
terminal 20, or may be calculated in advance by the modeling requester

terminal 20 and transmitted to the three-dimensional modeling device 10

13
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together with the modeling data. In addition, the scheduled start time or end
time of modeling may be specified using an operating unit of the three-
dimensional modeling device 10, which will be described later, or may be
specified in advance using the modeling requester terminal 20 and transmitted

to the three-dimensional modeling device 10 together with the modeling data.

[0033] In addition, the three-dimensional modeling device 10 sends a
notification e-mail to prompt the user to replace a tank that contains the
modeling material prior to use, or to notify the user that model processing is
about to end. The notification e-mail is sent via the e-mail server 24 to the
destination specified by the e-mail address. The modeling requester terminal
20 can be specified as the destination of the notification e-mail. The destination
address of the notification e-mail is specified, for example, on the modeling
requester terminal 20 and is sent to the three-dimensional modeling device 10
together with the modeling data. In addition, the administrator terminal 21 can

be specified as a common destination for a plurality of modeling jobs.

[0034] The three-dimensional modeling device 10 also has a security lock
function that restricts remodeling and restricts unlocking of the upper door 11 on
the basis of a password designated by the modeling requester when creating
the modeling data. The password designated by the modeling requester on the
model requester terminal 20 is transmitted to the three-dimensional modeling
device 10 together with the modeling data. This password is stored in
association with the modeling data, and is necessary to unlock the upper door
11 after modeling the model object is completed by model processing on the
basis of the modeling data. The password is stored in association with each set
of modeling data, so a different password can be set for each set of modeling
data. Therefore, when a single three-dimensional modeling device 10 is shared
by a plurality of operators, each operator can set an individual password for the

modeling data for which the operator issues modeling instructions.

14
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[0035] Note that password setting is not limited to a configuration in which the
modeling requester terminal 20 sends the modeling data associated with each
set of modeling data to the three-dimensional modeling device 10, but may also
be a configuration in which one set of the modeling data of the modeling
schedule is selected using an operation display unit 12 of the three-dimensional

modeling device 10, and a password is set for the selected modeling data.

[0036] The three-dimensional modeling device 10 is provided with the upper
door 11, the operation display unit 12, and the front door 13. The upper door 11
is an opening and closing barrier door that restricts access from the outside to
the work space 110 described later and also prevents modeling materials and
the like from scattering into the external space, and access to the work space
110 can be achieved by lifting the front side. The operation display unit 12 is, for
example, a touch panel, which accepts operations by the user and also displays
the operating status and various error messages on the screen. The front door
13 is an opening and closing door for a cartridge storage part 130 that stores
modeling material cartridges and the like, and the cartridge storage part 130,

described later, can be accessed by moving the upper part toward the front.

[0037] <Three-dimensional modeling device 10>

FIG. 2 is a perspective view depicting an example of the configuration of the
three-dimensional modeling device 10 of FIG. 1, and depicts the state inside a
working space 110 and a cartridge storage part 130. The figure depicts the
three-dimensional modeling device 10 with the upper door 11 and the front

door 13 in an open state.

[0038] The work space 110 is a space for two-dimensionally scanning a head
unit 111 that discharges modeling material and depositing the discharged
modeling material on a modeling stage 112, and is formed on a top plate 116
that serves as a work stand. An x-scanning engagement groove 113, a purge

tray 114, and a light receiving hole 115 are provided on the top plate 116.
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[0039] The modeling stage 112 has a horizontal flat modeling surface, and is
a movable stage for depositing a modeling material on the modeling surface
to form a three-dimensional model object, and can be moved in the vertical
direction. The modeling stage 112 is provided at a center of a top plate 116.
The head unit 111 is a movable unit that is two-dimensionally scanned in

parallel with the modeling stage 112 by a driving device (not depicted).

[0040] With this three-dimensional modeling device 10, if the vertical direction
is defined as the z direction and the mutually perpendicular horizontal
directions are defined as the x and y directions, two-dimensional scanning is
performed in which the x direction, which is the left-right direction as seen by
the user, is defined as the main scanning direction, and the y direction, which
is the front-to-back direction as seen by the user, is defined as the sub-
scanning direction. The modeling material is discharged during scanning in the
main scanning direction. Furthermore, the head unit 111 can be moved to any
position in a rectangular area by the aforementioned two-dimensional

scanning, and the rectangular area is a movable area.

[0041] In other words, the y direction described herein is the direction for
arranging the plurality of orifices (discharge port 2 described later) of each
model material nozzle unit 32 and the support material nozzle unit 31, which
will be described later, and the x direction is a direction perpendicular to the

y direction in the horizontal plane.

[0042] The x-scanning engagement groove 113 is a groove for engaging with a
driving device that scans the head unit 111 in the main scanning direction, and
is formed at the front and rear ends of the top plate 116. The purge tray 114 is a
modeling material storage part that temporarily stores the modeling material
discharged from the head unit 111. The purge tray 114 is provided in the

movable area of the head unit 111 and to the left side of the modeling stage 112.

16
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[0043] In the three-dimensional modeling device 10, a purging process is
periodically performed during model processing. The purging process involves
moving the head unit 111 from the modeling stage 112, which serves as the
modeling area, onto the purge tray 114, and forcibly discharging modeling
material from the modeling material nozzles 312, 322 mounted on the head
unit 111 to remove any residue remaining in the discharge port 2 for
discharging the modeling material and in the modeling material supply path for
supplying the modeling material to the discharge port 2, as well as cleaning
the surface of the modeling material nozzles 312, 322 by abutting and sliding
a rubber member (not depicted) against the surface of the modeling material
nozzles. Herein, the modeling material discharged from the nozzle is collected

in a waste liquid tank 13H, which will be described later.

[0044] The light receiving hole 115 is a light receiving window for an
illumination sensor that detects the illuminance of UV light for hardening the
modeling material, and is a through hole formed in the top plate 116. The light
receiving hole 115 is provided on the opposite side of the modeling stage 112
from the purge tray 114. Furthermore, as a specific operation, the illuminance
inspection switch of the lamp unit 35 provided on the operation display unit 12
is pressed, and the head unit 111 is driven to be automatically positioned
directly above the light receiving hole 115, the lamp unit 35 is turned on, and
the illuminance of the UV light is detected by the illumination sensor provided

inside the light receiving hole 115.

[0045] The cartridge storage part 130 stores two model material cartridges
13M, two support material cartridges 13S, and a waste liquid tank 13H. The
modeling materials discharged from the head unit 111 include model
materials M that form the model target object itself, and support materials S
that support overhanging portions and isolated portions of the model target

object and are ultimately removed.
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[0046] In this embodiment, the support material S contains a material that is
more soluble in water than the model material M, which allows the support
material S to be removed. Note that the overhang portion refers to a portion
of the model object that protrudes in the x-y plane from a portion of the model
object that is located below in the z direction (or in other words, the height
direction). In other words, a model object having an overhanging shape is a
model object that has a portion (overhang portion) where a new slice of model
material is molded on the upper surface of a portion where a slice of already

molded model material does not exist.

[0047] The model material cartridge 13M is a removable modeling material
storage tank that contains the model material M prior to use. The support
material cartridge 13S is a removable modeling material storage tank that
contains the support material S prior to use. In other words, the model
material cartridge 13M and the support material cartridge 13S contain the
modeling material prior to being discharged from the modeling material
nozzles 312 and 322 of the head unit 111.

[0048] The waste liquid tank 13H is a storage container for accumulating
waste liquid collected from the purge tray 114 and a roller drain tray (not
depicted) in the head unit 111, which will be described later, and can be
removed and replaced. Note that the waste liquid tank 13H is provided with
a sensor for detecting the liquid level inside and a weight sensor for detecting
the weight of the waste liquid tank 13H itself, so the level of waste liquid in

the waste liquid tank 13H can be detected and the operator can be notified.

[0049] Two model material cartridges 13M and two support material
cartridges 13S can be accommodated in the cartridge storage part 130, and
by alternately using both cartridges, an empty cartridge can be replaced

without interrupting model processing.

[0050] <Head unit 111>
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FIG. 3 is a diagram depicting an example of a schematic configuration of the head
unit 111 in FIG. 2, where (a) in the diagram depicts the head unit 111 as viewed
from the y direction (sub-scanning direction of the head unit 111), (b) depicts the
head unit 111 as viewed from the x direction (main scanning direction of the head

unit 111), and (c) depicts the head unit 111 as viewed from the z direction.

[0051] The head unit 111 is made of a support material nozzle unit 31, a
model material nozzle unit 32, a holder unit 33 for y-scanning, a roller unit 34
and a lamp unit 35, and these units 31 to 35 are integrally retained. The units

31 to 35 are arranged in this order in the x direction.

[0052] Note that the basic idea behind the arrangement of the support material
nozzle unit 31, the model material nozzle unit 32, the roller unit 34, and the lamp
unit 35 along the x-axis direction is as follows. Considering the forward direction
of the main scanning direction of the head unit 111 as a base, either the support
material nozzle unit 31 or the model material nozzle unit 32 can be positioned
in front of the other. With respect to this nozzle unit layout, when there is desire
to perform a roller action on the forward pass, the roller unit 34 and the lamp
unit 35 are arranged in order behind the support material nozzle unit 31 and the
model material nozzle unit 32 in the direction of forward travel, and when there
is desire to perform the roller action on the return pass, the roller unit 34 and the
lamp unit 35 are arranged in order behind the support material nozzle unit 31

and the model material nozzle unit 32 in the direction of return travel.

[0053] In addition, with the above embodiment, after the resin which is to be the
new top layer is discharged from the head unit 111, the roller unit 34 scrapes off
excess resin from the uncured top layer resin layer during modeling, and then

the lamp unit 35 irradiates UV light to harden at least the top layer resin layer.

[0054] However, there is also a method in which resin to become a new top

layer is discharged from the head unit 111, and then the top layer including the
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excess resin is first irradiated with light by the lamp unit 35, and then the
excess resin is scraped off from the uncured top layer resin layer while being
molded by the roller unit 34, and then UV light is again irradiated by the lamp

unit 35 to harden at least the top layer resin layer.

[0055] In this case, the lamp units 35 are provided in the head unit 111 in the
x direction, or in other words, the main scanning direction of the head unit
111, so that a pair of lamp units 35 can be provided in the front-to-back
direction sandwiching the support material nozzle unit 31 and the model
material nozzle unit 32, thereby enabling irradiation to be performed two
times as described above. In this case, the first and second irradiations are
combined to ultimately achieve the desired degree of resin hardening, so the
resin after the first irradiation is not in a hardened state, but is still in a
flowable, semi-hardened state in order for the subsequent scraping action to
be performed by the roller unit 34. For this reason, even in this case, the state
of the top layer before the resin is scraped off by the roller unit 34 can be

described as being uncured or in a flowable state.

[0056] The model material nozzle unit 32 is a nozzle unit for discharging model
material M supplied from the model material cartridge 13M, and is composed of
a reserve tank 321 that temporarily stores the model material M, and a modeling
material nozzle 322 having a plurality of discharge ports 2 arranged in the y

direction that discharge the model material M onto the modeling stage 112.

[0057] The support material nozzle unit 31 is a nozzle unit for discharging
support material S supplied from a support material cartridge 13S, and
includes a reserve tank 311 that temporarily stores the support material S,
and a modeling material nozzle 312 having a plurality of discharge ports 2

that discharge the support material S arranged in the y direction.

[0058] The model material M and the support material S are discharged as

droplets from the discharge ports 2 by utilizing the vibration of a piezoelectric
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element provided in the nozzle unit for each discharge port 2 provided in each
of the modeling material nozzles 322 and 312. The discharge ports 2 are

arranged in a straight line at a constant pitch in the y direction.

[0059] The head unit 111 scans in the x direction while discharging modeling
material from the modeling material nozzles 312, 322, thereby forming a modeling
material layer with a prescribed width corresponding to the arrangement length of
all of the discharge ports 2 provided in each of the modeling material nozzles 312,

322 on the modeling stage 112 in a single main scan.

[0060] The y-scanning holder unit 33 is supported on a bridge structure
connecting the x-scanning engagement grooves 113 in order to scan the head
unit 111 in the sub-scanning direction. The y-scanning holder unit 33 is supported
by the bridge structure, and a drive unit (not depicted) provided on the bridge
structure drives the head unit 111 along an axis (not depicted) extending in the y
direction (sub-scanning direction of the head unit 111) provided on the bridge
structure. Note that the method for driving the head unit 111 in the y direction (sub-
scanning direction of the head unit 111) may be a drive unit built into the head unit

111 itself, and the head unit 111 may be moved on the axis described above.

[0061] The roller unit 34 includes a film thickness adjustment roller 341, a
drive unit (not depicted) that rotates the roller 341, and a roller drain tray (not
depicted) for temporarily storing the modeling material scraped off from the
outermost surface of the modeling material layer formed on the modeling

stage 112 by the film thickness adjustment roller 341.

[0062] The film thickness adjustment roller 341 adjusts the thickness of the
modeling material film that is discharged and deposited on the modeling stage
112. More specifically, the film thickness adjustment roller 341 optimizes the
thickness of the outermost layer by scraping off a prescribed thickness of a
portion of the outermost layer formed from the modeling material discharged

from the modeling material nozzles 312, 322 before the layer is hardened by
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the lamp unit 35. The film thickness adjustment roller 341 is also a roller for
flattening the surface of the modeling material film, and rotates about a rotation
axis in the y direction. More specifically, the film thickness adjustment roller
341 rotates in the forward direction relative to the moving direction of the head
unit 111 when the film thickness adjustment roller 341 is functioning. The
modeling material that has been scraped off by the film thickness adjustment
roller 341 and stored in the roller drain tray is sent to the waste liquid tank 13H

as waste liquid including used modeling material.

[0063] The lamp unit 35 includes a UV lamp 351 for irradiating UV light onto
a film of modeling material discharged and deposited on the modeling stage
112, and can form an irradiation area on the modeling stage 112 that is wider

than the arrangement length of the discharge ports 2.

[0064] When the layout of the lamp unit 35 depicted in FIG. 3 is adopted, during
the so-called main scanning forward pass in which the head unit 111 is moved
from left to right in the figure, the lamp unit 35 is positioned ahead of the
modeling material nozzles 312, 322, so that UV light is not irradiated onto the
surface of the model object discharged on the forward pass. Therefore, lighting
control can be simplified because the lamp is constantly ON. Actual UV light
irradiation is performed during the return pass on the outermost surface of the
model object after the film thickness adjustment roller 341 has adjusted the

thickness of the outermost surface to an appropriate value.

[0065] It should be noted that the lamp unit 35 here does not have to be
limited to a lamp for irradiating UV light, so long as the lamp unit is a light
source that irradiates UV light, and also includes LED light sources that
irradiate UV light. In other words, the lamp unit is light irradiating means for
curing resin, which irradiates light of a specific wavelength required for curing
the resin, such as UV light. Furthermore, if a thermoplastic resin that hardens
at a prescribed temperature is used as the modeling resin instead of a

photocurable resin, cooling or heating means may be used as the resin
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hardening means instead of the lamp unit 35 of the present invention, and in

some cases, even this may not be necessary.

[0066] <Modeling process>

FIG. 4 is an explanatory diagram schematically depicting an example of an
operation during modeling in the three-dimensional modeling device 10 of FIG. 2,
in which a three-dimensional model object is formed on a modeling stage 112.
The figure depicts a cross section of the head unit 111 and the modeling stage
112 in a three-dimensional modeling device 10 that is currently modeling a three-

dimensional model object, cut along a vertical plane parallel to the zx plane.

[0067] The model material M and the support material S are discharged
downward from the head unit 111 as droplets 3 while the modeling stage 112 is
being scanned in the main scanning direction (x direction). The modeling material
layer containing these modeling materials discharged and deposited on the
modeling stage 112 during the outward pass of the main scanning has the film
thickness adjusted by the film thickness adjustment roller 341 during the return
pass of the main scanning, and is hardened by irradiation with UV light from the
UV lamp 351. Note that in the above description, the model material M and the
support material S may be discharged in the forward direction of main scanning,
and may also be discharged in the return direction of main scanning by the head
unit 111. Furthermore, the model material M and the support material S may be

discharged solely during the return pass of main scanning by the head unit 111.

[0068] In this embodiment, the model material M and the support material S
are both UV-curable resins, and are cured by being irradiated with UV light
from the same UV lamp 351. Note that in addition to photocurable resins,
resins that can be used in the three-dimensional modeling device 10 include
thermosetting resins that are hardened by applying heat, and thermoplastic

resins that are hardened by natural cooling.
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[0069] A strip-shaped region of a certain width corresponding to the length of
the head unit 111 in the y direction (head width) is called a field, and when
formation of the modeling material layer for a certain field is completed, the
head unit 111 is moved in the sub-scanning direction (y direction) and
formation of the modeling material layer for the adjacent field is started. The
extent to which the head unit 111 is moved in the sub-scanning direction (y
direction) is determined by the position at which the model object is to be
placed on the modeling stage 112, and this determination is made on the

basis of input from the requester on the modeling requester terminal 20.

[0070] The head unit 111 is supported by a gate-shaped bridge structure that
straddles between the x-scanning engagement grooves 113 in the y-direction,
and is scanned in the main scanning direction along the pair of x-scanning
engagement grooves 113. Note that with this embodiment, the head unit 111
is supported on a gate-shaped bridge structure and moved in the main
scanning direction along a pair of x-scanning engagement grooves 113, but a
configuration is also possible in which there is only one x-scanning
engagement groove 113 and the head unit 111 is moved in the main scanning

direction while supported as a cantilever.

[0071] The width in the y direction that can be modeled by the model material
nozzle unit 32 and the support material nozzle unit 31 arranged on the head unit
111 is short compared to the modeling area on the modeling stage 112, so after
the head unit 111 is moved back and forth in the main scanning direction to
complete modeling of one field, the head unit 111 is moved in the sub-scanning
direction (y direction) to model the adjacent field. If the three-dimensional model
object set by the user extends only in one field, the head unit 111 is not moved in
the sub-scanning direction. Note that if the width in the y direction that can be
modeled by the head unit 111 is the same as or larger than the width in the y
direction of the modeling area on the modeling stage 112, there is no need to
move the head unit 111 in the sub-scanning direction while modeling, and a

mechanism for moving in the sub-scanning direction is not required.
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[0072] A modeling material layer is formed field by field by main scanning and
sub-scanning of the head unit 111 described above on the modeling stage
112, and one resin layer is formed to constitute the three-dimensional model
object. This resin layer is called a slice layer, and when formation of the slice
layer is completed at a certain z-direction position, the modeling stage 112 is
moved downward (in the z-direction) a distance equivalent to the thickness

of the slice layer, and formation of the next slice layer begins.

[0073] In this three-dimensional modeling device 10, the upper surface of a
detachable portable plate 41 serves as a modeling stage 112, and the portable
plate 41 and a plate mounting base 42 on which the portable plate 41 is placed
constitute a z-movement unit 40 that is movable in the z direction. The position
of the z-movement unit 40 in the z direction is adjusted by a z-drive device 43.
The z-drive device 43 is a vertical drive unit that changes the relative position
between the head unit 111 and the modeling stage 112 in the height direction.
The portable plate 41 is made of a rectangular metal plate, and can be
removed from the plate mounting base 42 with the three-dimensional model
object still located thereon when all modeling instructed from the modeling
requester terminal 20 is completed. The plate mounting base 42 is provided

with a securing mechanism (not depicted) for securing the portable plate 41.

[0074] The three-dimensional model object is constituted by model material
M, and support material S supports overhanging portions and isolated
portions of the three-dimensional model object, and is ultimately removed by
a prescribed method. For example, if a resin that is insoluble or poorly soluble
in water is used as the model material M and a resin that is easily soluble in
water is used as the support material S, then the model object formed on the
portable plate 41 can be removed and immersed in water, making it easy to
remove only the modeling material layer made of the support material S.

Needless to say, the support material S may be removed from the model
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material M as a model object by manually removing the support material S

from the model material M as in the conventional method.

[0075] In this example, a desired three-dimensional model object is formed by
laminating slice layers made of a model material M and a support material S on
a base layer SS formed on the portable plate 41. The base layer SS is made of a
support material S that absorbs the inclination of the portable plate 41 and the
unevenness of the surface, and also facilitates peeling off of the model object.
Furthermore, if the base layer SS can absorb the inclination of the portable plate
41 and the unevenness of the surface, the amount of material used can be
reduced by adopting a hollow structure such as a lattice structure instead of a

solid structure in the modeling conditions on the modeling requester terminal 20.

[0076] <Main scanning>

FIG. 5 is an explanatory diagram depicting a schematic example of the operation
during modeling in the three-dimensional modeling device 10 of FIG. 2, where (a)
in the figure depicts the forward main scanning path in the x direction, and (b)
depicts the return main scanning path. In the main scanning forward pass, the
position of the modeling stage 112 in the z direction is fixed at a position separated
from the head unit 111, and the model material M and the support material S are
discharged from the modeling material nozzles 312, 322. A modeling material

layer 4 made of these modeling materials is formed on the modeling stage 112.

[0077] Note that the distance between the head unit 111 and the modeling
stage 112 disclosed in FIG. 5(a) and the distance between the head unit 111
and the modeling stage 112 disclosed in FIG. 5(b) are depicted to be clearly
different, but this is for the purpose of making the description of the operation
easier to understand. In reality, the distance between the head unit 111 and
the modeling stage 112 in the state depicted in FIG. 5(a) is 2 mm or less, and

the distance in FIG. 5(b) is such that the modeling stage 112 is moved a
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distance of 1 mm or less in the z direction from the state depicted in FIG. 5(a)

so as to move closer to the head unit 111.

[0078] The thickness of the modeling material layer 4 can be determined by
the user from the viewpoint of modeling accuracy and modeling speed. In other
words, if the user chooses to prioritize modeling accuracy, the thickness of the
modeling material layer 4 is set to the minimum thickness that can be set or a
thickness close to that level, and if the user chooses to prioritize modeling
speed, the thickness is set to a thickness that maintains the minimum modeling
accuracy. This selection can be made and set on the modeling requester

terminal 20 as a modeling condition other than the shape information.

[0079] The return pass of the main scan is performed in a state where the
modeling stage 112 is moved upward to a position where the film thickness
adjustment roller 341 contacts the modeling material layer 4. In addition to
discharge of the modeling material during the main scanning forward pass,
model material M and support material S can also be discharged from the
modeling material nozzles 312, 322 during the main scanning return pass, and
the upper layer of the modeling material layer 4 that is discharged and deposited
during the main scanning forward pass and return pass is scraped off by the film

thickness adjustment roller 341 during the main scanning return pass.

[0080] There are individual differences in the amount of modeling material
discharged from each nozzle of the modeling material nozzles 312, 322, and
controlling the amount of modeling material discharged from the modeling
material nozzles 312, 322 to accurately obtain a modeling material layer 4 of
a predetermined thickness can be difficult. Therefore, a modeling material
layer 4 with a predetermined thickness can be maintained by discharging
modeling material of a thickness equal to or greater than the set thickness
from the modeling material nozzles 312, 322 and collecting excess modeling
material using the film thickness adjustment roller 341, at least in units for

forming each modeling layer, and thus the modeling material layers 4 with a
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uniform thickness can be laminated. However, the timing for contacting the
film thickness adjustment roller 341 with the outermost surface of the
modeling layer at that time does not have to be when the outermost surface
of each slice layer data unit is used as modeling data, but can be at necessary
timing from the standpoint of various modeling aims, for example, achieving

both modeling accuracy and modeling speed.

[0081] The film thickness adjustment roller 341 rotates in the same direction at
a constant number of rotations regardless of whether moving in the forward or
return main scanning pass. The UV lamp 351 is lit at a prescribed luminous
intensity according to the type of modeling material, the thickness of the
modeling material layer 4, and the scanning speed in the x direction, and mainly
hardens the modeling material layer 4 after the film thickness has been adjusted

by the film thickness adjustment roller 341 by irradiating the layer with UV light.

[0082] <Fields Fd1 to Fd4 on the modeling stage 112>

FIG. 6 is an explanatory diagram depicting a schematic diagram of four
passes (scanning in the x-direction) being performed on each of the fields
Fd1 to Fd4 formed on the modeling stage 112. The head unit 111 can be
moved to any position in a rectangular modeling region on the modeling stage

112 by main scanning in the x direction and sub-scanning in the y direction.

[0083] In the inkjet-based lamination modeling method, a scan in the x direction
is called a pass, and a strip-shaped region of a certain width corresponding to
the modeling material nozzles 312 and 322 is called a field Fd. A layer of the
modeling material in one field Fd is formed by a plurality of passes. In this
example, in order to improve the resolution in the y direction to four times the
resolution determined by the arrangement pitch of the discharge ports 2 of the
modeling material nozzles 312, 322, modeling material layers are formed in the

field Fd by making four passes at different positions in the y direction.
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[0084] When the head unit completes the formation of a modeling material
layer for field Fd1, the head unit moves in the y direction by one field and
starts forming a modeling material layer for field Fd2. One slice is completed
when formation of the modeling material layer is completed for each of fields

Fd1 to Fd4 in the modeling area.

[0085] The thickness of the modeling material layer for one slice is
determined by the scanning speed of the modeling material nozzles 312 and
322 in the x direction and the amount of modeling material discharged per
unit time. Therefore, the time required to form one field of the modeling
material layer and the amount of modeling material used can be estimated
on the basis of modeling data including modeling parameters such as the

thickness of the modeling material layer and the scanning speed.

[0086] FIG. 7 is a diagram depicting an example of a position mode of the
model target object. (a) in the figure depicts placement in which the same
object is placed in one field Fd1 (position mode A1), and placement where

the model object is placed across two fields Fd1 and Fd2 (position mode A2).

[0087] Since model processing is performed for each field Fd, if the model
target objects have the same shape and size, arranging the model target
object to fit in one field Fd will require less time to perform laminating and
forming the model target objects than when placing the model target objects
across a plurality of fields Fd. In other words, the modeling time for position

mode A1 is shorter than that for position mode A2.

[0088] (b) in the figure depicts an arrangement in which the same model objects
are positioned so that the height in the z direction is lower (position mode A3) and
an arrangement in which the same model objects are positioned so that the height
is high (position mode A4). Since model processing is performed by laminating
slices, if the model target objects are of the same shape and size, the time

required to laminate the model target objects will be shorter if the objects are
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oriented such that the height in the z direction is lower than when the objects are
oriented such that the height is higher. In other words, the modeling time for the

position mode A3 will be shorter than that for position mode A4.

[0089] When creating the modeling data, the modeling requester terminal 20
estimates the time required for model processing and the amount of modeling
material to be used during model processing. The estimated modeling time is
composed of the modeling time obtained by adding up all the times required to
model each slice layer and the cumulative modeling time obtained by adding up
the time required for the purging process, and is calculated by referring to the
shape information, arrangement, orientation, scanning speed, and thickness of

each slice layer of the model object contained in the modeling data.

[0090] The estimated amount of modeling materials used is made up of an
estimated amount of model material M used and an estimated amount of
support material S used, each of which is calculated on the basis of the
modeling data. In addition, a cumulative usage amount is calculated on the
basis of the modeling data by adding up the estimated usage amount of the
model material M and the support material S required to form each slice layer

and the estimated usage amount in the purging process.

[0091] <Modeling requester Terminal 20>

FIG. 8 is a block diagram depicting an example of a configuration of the
modeling requester terminal 20 of FIG. 1. The modeling requester terminal 20
is composed of a CAD data storage unit 201, an operating unit 202, a modeling
data generating unit 203, a modeling estimation unit 204, a destination setting
unit 205, a model setting storage unit 206, a network communicating unit 207,
an e-mail acquisition unit 208, an notification e-mail storage unit 209, a display

unit 210, and an authentication code setting unit 211.
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[0092] The CAD data storage unit 201 holds CAD data of a model target
object. The CAD data includes three-dimensional shape data of a three-
dimensional model object created using CAD (Computer Aided Design)
software. When the operating unit 202 accepts an operation from a modeling
requester, the operating unit 202 outputs an operation signal according to the
operation content to the modeling data generating unit 203, the destination

setting unit 205, and the e-mail acquisition unit 208.

[0093] The modeling data generating unit 203 converts the CAD data to
generate modeling data 221 including shape information, position information,
and modeling parameters of the model target object, and stores the modeling
data 221 in the model setting storage unit 206. Specifically, first, the CAD data
is converted into, for example, STL (Stereo Lithography Data) data, and then
the STL data is sliced into a plurality of thin cross-sectional bodies to generate
cross-sectional data. The slice data is then transmitted to the three-dimensional
modeling device 10 all at once or by individual slice layers. At this time, the
orientation of the model data (actually, STL data after conversion) designed
using 3D CAD or the like is determined on the modeling stage 112, and the
position of the support material S is set for the space or location required to
support the model formed with the model material M in this orientation, and slice

data corresponding to each layer is formed on the basis of this data.

[0094] The modeling data 221 is generated on the basis of, for example, a
creation instruction from a modeling requester, and the position information
and modeling parameters are specified by the modeling requester. The
position information determines the position of the model target object on the
modeling stage 112. When one object is to be produced, the position and
orientation of the model object on the modeling stage 112 are specified by the
modeling requester. Furthermore, when a plurality of model objects are
produced in one modeling process, the position and orientation of each object

are specified as the position mode.
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[0095] The modeling estimation unit 204 calculates an estimated modeling
time 222 required for the modeling to form the model target object, and an
estimated amount of modeling material to be used in the modeling process
223, on the basis of the modeling data 221, and stores these values in the
model setting storage unit 206. Note that the modeling estimation unit 204 may
be provided in the three-dimensional modeling device 10, and the three-
dimensional modeling device 10 may calculate the estimated modeling time
and the estimated usage amount on the basis of the modeling data 221

received from the modeling requester terminal 20.

[0096] The destination setting unit 205 sets an e-mail address indicating the
destination of the notification e-mail, and stores the e-mail address as the
destination address 224 in the model setting storage unit 206. The
destination address 224 is designated by, for example, the modeling

requester, and a plurality of e-mail addresses can also be designated.

[0097] An authentication code setting unit 211 sets an authentication code in
association with each set of modeling data 221, and stores the authentication
code in the model setting storage unit 206. The authentication code is
identification information for user authentication, and can be set individually
for each set of modeling data 221. Here, a password 225 including a
sequence of characters and symbols is set as an authentication code and

stored in association with the modeling data 221.

[0098] The modeling data 221, the estimated modeling time 222, the estimated
usage amount 223, the destination address 224, and the password 225 are
stored in mutual association as model setting data. The network
communicating unit 207 transmits the model setting data to the three-

dimensional modeling device 10 via the LAN 1.

[0099] The e-mail acquisition unit 208 transmits a request for downloading the

notification e-mail to the e-mail server 24 via the network communicating unit
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207 and the LAN 1, and acquires the notification e-mail from the three-
dimensional modeling device 10. The notification e-mail storage unit 209
stores the obtained notification e-mail. The display unit 210 displays the

acquired notification e-mail on the screen.

[0100] FIG. 9 is a block diagram depicting an example of the functional
configuration of the three-dimensional modeling device 10 of FIG. 1. The
three-dimensional modeling device 10 is composed of an operating unit 121,
a display unit 122, a network communicating unit 400, a modeling job
memory unit 401, a model processing unit 402, a scheduled start time setting
unit 403, a scheduled end time calculating unit 404, a remaining amount
detecting unit 405, a tank replacement determining unit 406, a recommended

time calculating unit 407, and an notification e-mail sending unit 408.

[0101] The network communicating unit 400 stores the model setting data
received from the modeling requester terminal 20 via the LAN 1 in the
modeling job storage unit 401, and transmits a notification e-mail to the
modeling requester terminal 20 and the administrator terminal 21 via the LAN
1. The modeling job storage unit 401 stores a plurality of modeling jobs

acquired from the modeling requester terminal 20.

[0102] A modeling job is composed of modeling data and the corresponding
attribute information, and is stored in association with identification information
of the modeling job. The attribute information of the modeling data includes the
estimated modeling time, the estimated usage amount, the destination
address, and the password (authentication code) acquired from the modeling

requester terminal 20, and the scheduling time, which will be described later.

[0103] The model processing unit 402 performs model processing to form a
model target object on the modeling stage 112 on the basis of the modeling
data in the modeling job storage unit 401. The modeling process is started,

for example, on the basis of a modeling instruction from a modeling operator,
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and xy drive control of the head unit 111, z drive control of the modeling stage
112, and drive control of the piezoelectric elements in the modeling material
nozzles 312 and 322 are performed.

[0104] If the operator of the three-dimensional modeling device 10 is referred
to as a modeling operator, then when the operating unit 121 receives an
operation from the modeling operator, the operating unit outputs an operation
signal according to the content of the operation to the scheduled start time
setting unit 403. The scheduled start time setting unit 403 sets a scheduled
start time of the scheduled modeling, and outputs the scheduled start time to
the scheduled end time calculating unit 404. Scheduled modeling is a
modeling process that is performed for a previously specified execution time,
and the scheduled start time of the scheduled modeling is set, for example,
on the basis of an operation input performed by the modeling operator by

specifying a modeling job to be scheduled for modeling.

[0105] The scheduled end time calculating unit 404 calculates the scheduled
end time for ending the scheduled modeling, on the basis of the estimated
modeling time of the modeling job of the scheduled modeling target in the
modeling job storage unit 401 and the scheduled start time set by the
scheduled start time setting unit 403. The scheduled end time is obtained as a
time that is later than the scheduled start time by the accumulated modeling
time. The scheduled start time and scheduled end time of the scheduled

modeling are stored in the modeling job storage unit 401 as scheduled times.

[0106] Note that with this embodiment, the scheduled end time of modeling is
calculated by accepting a specified scheduled start time for modeling.
However, it goes without saying that the scheduled start time of modeling may
also be calculated by accepting a specified scheduled end time of modeling.
In addition, the designation of the time mentioned here is not limited to the
designation of a specific scheduled start time, but also includes the designation

of how many hours after the current time the modeling is to start.
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[0107] In addition, the scheduled start time setting unit 403 and the scheduled
end time calculating unit 404 do not necessarily need to be provided in the
three-dimensional modeling device 10, and may be provided in the modeling
requester terminal 20. Specifically, the modeling requester terminal 20 may
set either the scheduled start time or the scheduled end time, calculate the
other scheduled time, and transmit the times together with the modeling data
to the three-dimensional modeling device 10. Alternatively, either the
scheduled start time or the scheduled end time may be set by the modeling
requester terminal 20, and the other scheduled time may be calculated by

the three-dimensional modeling device 10.

[0108] When the start time arrives for a modeling job for which a scheduled
time is specified, the model processing unit 402 automatically starts model

processing on the basis of the modeling data.

[0109] The remaining amount detecting unit 405 detects the remaining
amount of the modeling material in the modeling material storage tank, and
outputs the detection result to the tank replacement determining unit 406 and
the recommended time calculating unit 407. Specifically, the remaining
amount of model material M in each model material cartridge 13M and the
remaining amount of support material S in each support material cartridge
13S are detected. To detect the remaining amount, for example, a method is
used in which a piezoelectric element is used to measure the weight of the
model material cartridge 13M or the support material cartridge 13S, and then

the weight of the cartridge itself is subtracted.

[0110] The tank replacement determining unit 406 determines whether or not
the modeling material storage tank needs to be replaced while performing
model processing on the basis of the remaining amount detected by the
remaining amount detecting unit 405, and outputs the determination result to

the display unit 122. The determination of whether or not the tank needs to be
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replaced is made by comparing the current remaining amount of the model
material M and the support material S with the cumulative amount of the

modeling material to be used in model processing.

[0111] The display unit 122 displays the determination result by the tank
replacement determining unit 406 on the screen at least before model
processing is started. For example, the determination result of the tank
replacement is displayed when the modeling operator specifies the end time

of scheduled modeling.

[0112] The recommended time calculating unit 407 calculates a
recommended time for tank replacement on the basis of the remaining
amount of the modeling material detected by the remaining amount detecting
unit 405 and the estimated usage amount stored in the modeling job storage
unit 401. The recommended tank replacement time is the time at which
replacement of the modeling material storage tank is recommended during
execution of model processing, and is calculated for the model material

cartridge 13M and the support material cartridge 13S.

[0113] Specifically, for the model material cartridge 13M, the period from
when one cartridge becomes empty to when the remaining amount in the
other cartridge falls below a specified amount is set as the recommended
period for cartridge replacement, and the end time of this recommended
period is calculated as the recommended time. For the support material
cartridge 13S, the recommended time is calculated in the same manner as

for the model material cartridge 13M.
[0114] When either the model material cartridge 13M or the support material
cartridge 13S must be replaced during execution of model processing, the display

unit 122 displays the recommended time calculated by the recommended time

calculating unit 407 on the screen at least before model processing is started.
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[0115] The notification e-mail sending unit 408 generates a notification e-mail
including a message for encouraging the user to replace the tank when the
recommended time for tank replacement arrives, and sends the notification e-
mail to a destination specified by the destination address. In addition, the
notification e-mail sending unit 408 generates a notification e-mail including a
message for notifying the completion of model processing when the completion
time of model processing arrives, and sends the notification e-mail to a
destination specified by the destination address. The notification e-mail is sent
before the recommended time or the end time. For example, the notification e-

mail is sent a certain time before the recommended time or the end time.

[0116] In addition to when the recommended time for tank replacement
arrives during model processing or when model processing is completed, the
notification e-mail may also be sent when the previous modeling process
ends, when model processing ends abnormally or is interrupted, when a
modeling process that has been scheduled for modeling is canceled, or when
timing for maintenance of the head unit 111 has arrived. The timing of sending

such a notification e-mail can be arbitrarily specified for each modeling job.

[0117] <Modeling schedule>

FIG. 10 is a diagram depicting an example of an operation during model
scheduling in the three-dimensional modeling device 10 of FIG. 9. (a) in the
figure depicts a model setting reception screen 50 that is displayed on the

display unit 122 when a modeling job for a modeling target is specified.

[0118] Reception time 51, estimated time 52, estimated usage amount 53 of
support material S, and estimated usage amount 54 of model material M are
displayed on the reception screen 50 in conjunction with the job name of the
modeling job specified by the user as the modeling target. In addition, a
modeling button 55 and a timer scheduling button 56 are provided on the

reception screen 50.
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[0119] The reception time 51 is the time when the modeling job specified by
the user as the modeling target is received. In this example, May 16, 2011,
10:37 is displayed. The estimated time 52 is a cumulative modeling time
stored in association with the modeling job as modeling job data, and is

displayed as 4 hours and 20 minutes.

[0120] The estimated usage amount 53 is the cumulative usage amount of the
support material S that is stored in association with the modeling job as modeling
job data, and is displayed as 30 g. The estimated usage amount 54 is the
cumulative usage amount of the model material M that is stored in association

with the modeling job as modeling job data, and is displayed as 150 g.

[0121] The display columns for estimated usage amounts 53 and 54 each
indicate whether or not the tank needs replacing. In other words, if it is
determined that the support material cartridge 13S or the model material
cartridge 13M must be replaced during model processing, a message is
displayed indicating that the tank needs to be replaced. On the other hand, if

tank replacement is not necessary, a message to that effect is displayed.

[0122] The modeling button 55 is an operational icon for immediately starting
model processing. The timer schedule button 56 is an operational icon for setting
a scheduled start time or a scheduled end time of the scheduled modeling. A

setting screen 60 is displayed by operating the timer schedule button 56.

[0123] The user can check on the reception screen 50 in advance to
determine the cumulative modeling time of the modeling job and the
cumulative amount of modeling material that will be used. In addition,
whether or not replacement of the cartridges 13M and 13S is required can be
recognize before execution of model processing. Therefore, the user can
start model processing after replenishing the modeling material by replacing

the modeling material storage tank that is estimated to require replacement.
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[0124] (b) in the figure depicts a setting screen 60 for scheduled modeling,
which is displayed when the timer schedule button 56 on the reception screen
50 is operated. The setting screen 60 displays a time input field 61, an end
time 62, and recommended cartridge replacement times 63 and 64, and also

has a schedule set button 65 and a cancel button 66 provided thereon.

[0125] The time input field 61 is an input field for specifying how many hours
after the reception time 51 that model processing should begin, and by
operating an increment button or decrement button, a time from 0 to 99 hours
can be specified in one hour increments. The estimated end time 62 is the
time at which model processing is estimated to end if model processing is

started on the basis of the time specified in the time input field 61.

[0126] The recommended time 63 is the recommended time for tank replacement
when model processing is started on the basis of the time specified in the time
input field 61, and is displayed when a determination is made that the support
material cartridge 13S will need to be replaced during model processing. If tank

replacement is not required, a message to that effect is displayed.

[0127] The recommended time 64 is the recommended time for tank replacement
when model processing is started on the basis of the time specified in the time
input field 61, and is displayed when a determination is made that the model
material cartridge 13M will need to be replaced during model processing. If tank

replacement is not required, a message to that effect is displayed.

[0128] The schedule set button 65 is an operational icon for confirming the
time designated in the time input field 61, and switching the operation mode
to a standby mode for scheduled modeling. The cancel button 66 is an
operational icon for canceling the time specified in the time input field 61 and

returning to the reception screen 50.
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[0129] <Standby screen 70 and monitor screen 80>

FIG. 11 is a diagram depicting an example of operating the three-dimensional
modeling device 10 of FIG. 9, in which (a) depicts a standby screen 70
displayed in standby mode for scheduled modeling, and (b) depicts a monitor

screen 80 during model processing.

[0130] The standby screen 70 displays the scheduled start time, scheduled
end time, and recommended time for cartridge replacement of the scheduled
modeling job, and also has a cancel button 71 provided thereon. Using this
standby screen 70, the user can check at any time after the model scheduling
whether the device is in standby mode, the scheduled start time and end time

of the scheduled job, and when to replace the cartridges 13M and 13S.

[0131] During the standby mode, restrictions are imposed on setting a new
scheduled job and executing a modeling job other than the scheduled job.
The cancel button 71 is an operational icon for canceling the standby mode

and returning to the normal mode.

[0132] The monitor screen 80 displays the remaining amount of model
material M in each model material cartridge 13M, the remaining amount of
support material S in each support material cartridge 13S, the recommended
time for replacing the cartridges 13M, 13S, an icon indicating the cartridge in

use, and the amount of modeling material in the waste liquid tank 13H.

[0133] The remaining amounts of model material M and support material S are
updated at regular intervals, and the recommended time for cartridge
replacement is corrected on the basis of the actual amounts of modeling
material used. Using this monitor screen, the user can check the remaining
amount of material in the cartridges 13M and 13S, when to replace the

cartridges, and whether or not the waste liquid tank 13H needs to be replaced.
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[0134] Note that in this embodiment, the scheduled start time or scheduled
end time of modeling is specified via the operation display unit 12 of the three-
dimensional modeling device 10, but the scheduled start time or scheduled
end time may also be specified in advance on the modeling requester
terminal 20 and transmitted to the three-dimensional modeling device 10

together with the modeling data.

[0135] <Notification e-mail setting screen 230>

FIG. 12 is a diagram depicting an example of an operation during model
setting on the modeling requester terminal 20 of FIG. 8, depicting a
notification e-mail setting screen 230. The setting screen 230 is an input
screen for setting the conditions for sending the notification e-mail, and
includes an e-mail sending selection field 231, a destination address input

field 232, and notification timing selection fields 233 to 236.

[0136] The selection field 231 is an input field for selecting whether or not to
notify using a notification e-mail. In the case of notification by using a
notification e-mail, an e-mail address indicating the destination of the
notification e-mail is entered in the input field 232. The selection field 233 is an
input field to be selected when notifying the user of successful completion of
model processing by a notification e-mail when model processing has been
successfully completed. The selection field 234 is an input field to be selected
when notifying the user by a notification e-mail when model processing is

abnormally interrupted, abnormally terminated, or canceled.

[0137] The selection field 235 is an input field for selecting when a notification
e-mail is to be sent when the time to replace the cartridges 13M and 13S
approaches. The selection field 236 is an input field to be selected when
notifying the user of the completion of the previous modeling job by a
notification e-mail. The modeling requester can set the notification destination

and notification timing of the notification e-mail from the setting screen 230.
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[0138] Steps S101 to S107 in FIG. 13 depict a flowchart of an example of
operations at the time of model scheduling using the three-dimensional
modeling device 10 in FIG. 9. First, the scheduled start time setting unit 403
sets a scheduled start time for scheduled modeling on the basis of a user
operation (step S101). The scheduled end time calculating unit 404
calculates the scheduled end time of the scheduled modeling from the

scheduled start time and the accumulated modeling time (step S102).

[0139] Next, the tank replacement determining unit 406 compares the remaining
amount of the modeling material with the cumulative usage amount, and
determines whether or not the tank needs to be replaced during execution of
model processing (Step S103). At this time, if tank replacement is necessary, the
recommended time calculating unit 407 calculates the recommended time for
tank replacement (step S104). The necessity of tank replacement and the

recommended time are displayed on the setting screen 60 (step S105).

[0140] When the schedule set button 65 is operated, the model processing
unit 402 confirms the setting contents and transitions to a standby mode
(steps S106 and S107). On the other hand, if the cancel button 66 is

operated, the settings are discarded and the process ends.

[0141] Steps S201 to S211 in FIG. 14 depict a flowchart of an example of
operations at the time of model processing using the three-dimensional
modeling device 10 in FIG. 9. When the scheduled start time of the scheduled
job arrives during standby mode, the model processing unit 402 reads out the
corresponding modeling data from the modeling job storage unit 401 and starts
model processing. During this modeling process, the recommended time for
cartridge replacement is corrected on the basis of the actual amount of modeling
material used in order to display the recommended time on the monitor screen
80. In addition, a notification e-mail will be sent when the time to replace the

cartridge has arrived or when model processing is nearing completion.
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[0142] In other words, the three-dimensional modeling device 10 detects the
remaining amounts in the cartridges 13M and 13S, and calculates the actual
amounts of the model material M and the support material S used on the basis
of the detection results (steps S201 and S202). Furthermore, the three-
dimensional modeling device 10 corrects the estimated usage amount per unit
time on the basis of the calculated usage amount, and modifies the
recommended time for cartridge replacement (step S203). If the time to
replace the cartridges 13M and 13S is approaching, the process proceeds to

step S205, otherwise the process proceeds to step S207 (step S204).

[0143] Next, the notification e-mail sending unit 408 sends a notification e-
mail when the recommended time for cartridge replacement approaches
(step S205). The notification e-mail is repeatedly sent at periodic intervals for

a prescribed number of times unless the cartridges 13M, 13S are replaced.

[0144] If the recommended time arrives without replacing the cartridges 13M
and 13S, the model processing unit 402 interrupts model processing (steps
S206, S209, and S210).

[0145] The notification e-mail sending unit 408 also sends a notification e-mail
(step S208) when the cartridges 13M and 13S are replaced (step S206 or S211)
and the scheduled end time of model processing approaches (step S207). This
notification e-mail is repeatedly sent at periodic intervals for a prescribed number
of times unless a prescribed stop condition is met. The process from step S201

to step S206 is repeated until the scheduled end time of model processing arrives.

[0146] Note that an example has been described for the three-dimensional
modeling device 10 of FIG. 9, in which at the time of model scheduling, the
need for tank replacement is determined by comparing the current remaining
amount of modeling material with the cumulative amount of modeling material

to be used in the scheduled job, but the present invention does not limit the
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need for tank replacement to this case. For example, if a different modeling
job is scheduled to be executed before the evaluation target job, the need for
tank replacement may be determined on the basis of the estimated amount
of modeling material that will be used for executing all scheduled jobs and

the current remaining amount of modeling material.

[0147] FIG. 15 is a diagram depicting another example of the operation during
model scheduling in the three-dimensional modeling device 10 of FIG. 9,
depicting the case where scheduled jobs J1 and J2 are to be performed before
the evaluation target job J3. If there are scheduled jobs J1 and J2 scheduled
to be executed before an evaluation target job J3, the tank replacement
determining unit 408 determines whether or not tank replacement is necessary
during the period of model processing to be determined by comparing the
cumulative amount of modeling material used in the scheduled jobs J1 and J2

with the current remaining amount of modeling material.

[0148] Scheduled job J1 is a modeling job with a scheduled start time t1 and a
scheduled end time t2, scheduled job J2 is a modeling job with a scheduled
start time t3 and a scheduled end time t4, and evaluation target job J3 is a

modeling job with a scheduled start time ts and a scheduled end time ts.

[0149] The cumulative usage amounts for the scheduled jobs J1, J2, and the
evaluation target job J3 are G1 to G3, respectively, and the current remaining
amount of modeling material is GO. The need for tank replacement during
execution of the evaluation target job J3 is determined on the basis of
whether the condition (G1 + G2) < G0 < (G1 + G2 + G3) is satisfied. By
configuring the need in this manner, if there are scheduled jobs J1 and J2
that are scheduled to be executed before the evaluation target job J3, the
need for tank replacement is determined on the basis of the cumulative
amount of modeling material used in the scheduled jobs J1 and J2 that are
scheduled to be executed and the current remaining amount of modeling

material, thereby improving the accuracy for determining the need.

44

44



10

15

20

25

30

[0150] In addition, in the three-dimensional modeling device 10 of FIG. 9, an
example has been described in which the end time of the recommended
cartridge replacement period for the model material cartridge 13M and the
support material cartridge 13S is displayed as the recommended time, but
the present invention does not limit the recommended time for tank
replacement to this case. For example, a configuration is possible where the
recommended cartridge replacement period is displayed for the model
material cartridge 13M and the support material cartridge 13S. Furthermore,
if there is an overlapping period in the recommended periods between the

two cartridges, the overlapping period may be displayed.

[0151] FIG. 16 is a diagram depicting an example of a change in remaining
amount when there is an overlapping period T3 between a recommended
period T1 of the model material cartridge 13M and a recommended period
T2 for the support material cartridge 13S. At time t11, one cartridge 131 is
empty and the remaining amount of model material M is m1, and at time t12,
the remaining amount in the other cartridge 131 is m2. Recommended period

T1 is the period of time from time t11 to time t12.

[0152] On the other hand, at time t21, one cartridge 132 is empty and the
remaining amount of support material MSA is s1, while at time t22, the remaining
amount in the other cartridge 132 is s2. The recommended period T2 is the
period between time t21 and time t22. The overlapping period T3 is the period
between time t21 and time t12, and during this period, both cartridges 13M and

13S can be replaced simultaneously without interrupting model processing.

[0153] In addition, in FIG. 10, an example has been described in which the
scheduled start time of scheduled modeling is specified by inputting a time in
the time input field 61, but the present invention does not limit specifying the
time of scheduled modeling to this case. For example, a configuration may be

adopted in which a modeling requester specifies a scheduled end time for
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scheduled modeling, and a scheduled start time for model processing is
estimated and displayed on the basis of the scheduled end time and an
estimated modeling time for model processing. With this configuration, model
processing can be automatically started at the time designated by the requester,

and the scheduled end time of model processing can be known in advance.

[0154] Next, a security lock function that restricts remodeling and restricts
unlocking the upper door 11 on the basis of a password designated by the
modeling requester when creating modeling data will be described with
reference to FIGS. 17 to 23.

[0155]FIG. 17 is a block diagram depicting an example of another
configuration of the modeling requester terminal 20 of FIG. 1. The modeling
requester terminal 20 includes a CAD data storage unit 201, an operating unit
202, a modeling data generating unit 203, a model setting storage unit 206, a
network communicating unit 207, a display unit 210, and a model setting
screen generating unit 212. The CAD data storage unit 201, the operating unit
202, the modeling data generating unit 203, the model setting storage unit 206,
the network communicating unit 207, and the display unit 210 have the same

configuration as those in the modeling requester terminal 20 of FIG. 8.

[0156] When a modeling requester instructs creation of modeling data, the
modeling data generating unit 203 generates modeling data 221 on the basis of
the creation instructions, and stores the modeling data 221 in the model setting
storage unit 206. The model setting screen generating unit 212 allows the
modeling requester to select whether or not to protect the modeling information,
and if the modeling information is to be protected, generates screen data for
inputting a password (authentication code) and outputs the screen data to the
display unit 210. The display unit 210 displays the model setting screen on the

basis of the screen data from the model setting screen generating unit 212.
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[0157] The model setting storage unit 206 stores the password entered while the
model setting screen is displayed in association with the modeling data. The
password is stored as model setting data. The network communicating unit 207
transmits the model setting data including the password to the three-dimensional
modeling device 10 on the basis of a transmission instruction from the modeling

requester. A password can be set individually for each set of modeling data.

[0158] <Security lock setting screen 240>

FIG. 18 is a diagram depicting an example of an operation during model setting
on the modeling requester terminal 20 of FIG. 17, depicting a security lock setting
screen 240. The setting screen 240 is an input screen for allowing the modeling
requester to select whether or not to protect the modeling information, and

includes a password setting selection field 241 and a password input field 242.

[0159] The selection field 241 is an input field for selecting whether or not to
protect the modeling information by setting a password. The password is an
authentication code for user authentication, and any character string
including numbers or letters can be specified as the password. When setting
a password, the character string that constitutes the password can be
entered in the input field 242.

[0160] If a password is set, user authentication is performed when
instructions for remodeling using the modeling history are received and when
unlocking the upper door 11. Therefore the modeling data can be prevented
from being leaked to anyone other than the modeling requester by
remodeling, or the created model object can be prevented from being
removed by anyone other than the modeling requester. Note that user
authentication is not limited to the above case, and may be performed when
an initial modeling instruction is given via the operation display unit 12 of the

three-dimensional modeling device 10 or when modeling scheduling is made.
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[0161] FIG. 19 is a block diagram depicting another example of the functional
configuration of the three-dimensional modeling device 10 of FIG. 1. The three-
dimensional modeling device 10 is composed of an operating unit 121, a display
unit 122, a network communicating unit 400, a modeling job memory unit 401, a
model processing unit 402, a modeling history memory unit 421, a history list
generating unit 422, an authentication screen generating unit 423, a code
comparison unit 424, a barrier door locking unit 425, and an unlocking unit 426.
The operating unit 121, the display unit 122, the network communicating unit 400,
the modeling job storage unit 401, and model processing unit 402 have the same

configurations as those in the three-dimensional modeling device 10 of FIG. 9.

[0162] The model processing unit 402 stores the modeling data after model
processing in the modeling history storage unit 421 as modeling history. The
modeling job storage unit 401 stores the password received from the
modeling requester terminal 20 together with the modeling data as model
setting data in association with the modeling data. The password is stored as
attribute information of the modeling job, and is used as a registration code
during user authentication. The modeling history is made up of modeling data

and attribute information including a password.

[0163] The history list generating unit 422 generates screen data for
displaying a history list screen including a plurality of modeling histories, on
the basis of a history display instruction from the modeling operator, and
outputs the screen data to the display unit 122. The display unit 122 displays
the history list screen on the basis of the screen data from the history list
generating unit 422, and allows the modeling operator to select one of the

modeling histories as a remodeling target.

[0164] The authentication screen generating unit 423 generates screen data
for displaying an authentication screen that prompts the modeling operator
to input the verification code, and outputs the screen data to the display unit

122. The verification code is an input code for comparison using the
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registration code. The display unit 122 displays the authentication screen for
remodeling on the basis of the screen data from the authentication screen
generating unit 423. The authentication screen is displayed on the basis of a
modeling instruction that specifies the modeling history of the modeling target

to be remodeled while the history list screen is being displayed.

[0165] The code comparison unit 424 compares the verification code input while
the authentication screen is displayed with the corresponding registration code,
and outputs the comparison result to the model processing unit 402 and the lock
release unit 426. In other words, the verification code input when selecting the

remodeling target is compared with the corresponding registration code.

[0166] The model processing unit 402 performs model processing using the
modeling history selected as the remodeling target on the basis of the comparison
result of the code comparison unit 424. Specifically, if the verification code
matches the registration code, a modeling process on the basis of the modeling
history of the object designated as the remodeling target is started. On the other
hand, if the verification code does not match the registered code, model
processing on the basis of the modeling history is not performed, and the
modeling instruction by the modeling operator is invalidated. In other words, if an
authentication code is associated with the modeling history selected as the
remodeling target, the model processing unit 402 performs model processing only
when the verification code matches the authentication code associated with the
modeling history. However, in the case of modeling history for which a password
is not set, if a modeling instruction specifying this modeling history is detected, a

modeling process based on the modeling history is immediately executed.

[0167] The barrier door lock unit 425 locks the upper door 11 during execution
of model processing. After model processing is completed, the lock release
unit 426 releases the locked state on the basis of the comparison result by
the code comparison unit 424. Specifically, the upper door 11 is locked on

the basis of a lock request from the model processing unit 402. The lock
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request is generated at the same time as a modeling start instruction of the
modeling data, and model processing unit 402 starts model processing on

the basis of a lock completion response from the barrier door lock unit 425.

[0168] The display unit 122 displays an authentication screen for unlocking when
model processing is completed. The code comparison unit 424 compares the
verification code entered while the authentication screen is displayed with the
corresponding registration code. The unlocking unit 426 unlocks the upper door
11 if the verification code matches the registration code. On the other hand, if the
verification code does not match the registration code, the lock is not released
and the upper door 11 remains locked. In other words, if an authentication code
is associated with the modeling data for which modeling processing has been
completed, the unlocking unit 426 unlocks the upper door 11 only if the verification

code matches the authentication code associated with the modeling data.

[0169] However, in the case of a modeling process in which a password is
not set, the upper door 11 is automatically unlocked after model processing
is completed. In this case, taking into consideration the time required for the
temperature around the head unit 111 to drop to a certain temperature, the
locked state is released after a certain time has elapsed after the end of
model processing. Note that the authentication screen for unlocking may be
displayed immediately after model processing is completed, or may be

displayed immediately before model processing is completed.

[0170] <History list screen 90>

FIG. 20 is a diagram depicting an example of an operation during remodeling in
the three-dimensional modeling device 10 of FIG. 19, depicting a history list
screen 90 displayed on the display unit 122 when viewing the modeling history.

The job names and the execution time of the modeling process are displayed on

the history list screen 90 for a plurality of modeling jobs stored as modeling history,

50

50



10

15

20

25

30

and a remodeling button 91 is provided in association with each modeling job. In

this example, a remodeling button 91 is provided for each modeling job.

[0171] The execution time is time information when model processing is
executed, and includes a scheduled start time and a scheduled end time. The
remodeling button 91 is an operational icon for starting a modeling process
using the modeling history. In the case of a modeling job for which a password
is not set, a modeling process is immediately started on the basis of the
corresponding modeling history by operating the remodeling button 91. On the
other hand, if a password is set for the modeling job, an authentication screen

for remodeling is displayed when the remodeling button 91 is operated.

[0172] <Authentication Screen 92>

FIG. 21 is a diagram depicting an example of the operation during remodeling
using the three-dimensional modeling device 10 of FIG. 19. In the diagram, (a)
depicts an authentication screen 92 that is displayed when a remodeling
instruction is given by specifying a modeling history in the history list screen 90,

and (b) depicts an error screen 95 that is displayed when user authentication fails.

[0173] The authentication screen 92 has a password input field 93 and
character input buttons 94 arranged thereon. The input field 93 is an input
field for inputting a verification code to be compared with the registration
code, and by operating the character input button 94, a character string

including numbers and letters can be specified as the verification code.

[0174] The character input buttons 94 are keyboard-type input buttons on which
a plurality of operational icons are aligned, and allow the numbers 0 to 9 and the
letters A to Z to be input. After inputting the verification code in the input field 93,
the confirm button among the character input buttons 94 is operated to start a

process of verifying the inputted verification code with the registration code.
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[0175] The error screen 95 is an authentication error screen that is displayed
when the verification code does not match the registration code, and the

authentication screen 92 can be displayed again by operating a back button.

[0176] Steps S301 to S307 in FIG. 22 depict a flowchart of an example of
operations at the time of remodel using the three-dimensional modeling device
10 in FIG. 19. First, when a modeling instruction is detected that specifies any
of the modeling histories on the history list screen 90 as the target for
remodeling, the authentication screen generating unit 423 displays an
authentication screen 92 for remodeling on the display unit 122 if a password
is associated with the modeling data stored as the modeling history (steps
S301, S302). On the other hand, if a password is not associated with the
modeling data stored as the modeling history, the process proceeds to step

S306, where model processing is started on the basis of the modeling history.

[0177] Next, when a verification code is input on the authentication screen 92,
the code comparison unit 424 compares the verification code with the
corresponding registration code and outputs the comparison result to the
model processing unit 402 (steps S303 and S304). If the verification code
matches the registration code, the model processing unit 402 starts model

processing based on the modeling history (steps S305 and S306).

[0178] On the other hand, if the verification code does not match the
registration code, the model processing unit 402 does not perform model
processing based on the modeling history, displays an error screen 95, and

terminates the process (steps S305 and S307).

[0179] Steps S401 to S409 in FIG. 23 depict a flowchart of an example of
operations at the ending time of model processing using the three-
dimensional modeling device 10 in FIG. 19. First, when a certain time has
elapsed after the UV lamp 351 has been turned off (steps S401, S402), the

authentication screen generating unit 423 displays an authentication screen
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92 for unlocking on the display unit 122 if a password is associated with the
modeling data for which processing has been completed (steps S403, S404).
On the other hand, if no password is associated with the modeling data, the

process proceeds to step S408, where the upper door 11 is unlocked.

[0180] Next, when a verification code is input on the authentication screen 92, the
code comparison unit 424 compares the verification code with the corresponding
registration code and outputs the comparison result to the lock release unit 426
(steps S405 and S406). If the verification code matches the registration code, the

unlocking unit 426 unlocks the upper door 11 (steps S407 and S408).

[0181] On the other hand, if the verification code does not match the
registration code, the unlocking unit 426 does not release the lock, displays an

error screen 95, and the process of step S404 is repeated (steps S407, S409).

[0182] With the present embodiment, model processing can be automatically
started so that model processing will end at the time designated by the
modeling operator. This allows the timing at which modeling ends to be
matched to the timing desired by the modeling operator, thus preventing
modeling from ending when the modeling operator is absent, and preventing
deterioration of the modeling material caused by leaving the model object for
a long period of time in the three-dimensional modeling device 10, and

preventing a third party from taking the completed model without permission.

[0183] In addition, the modeling operator can easily make a modeling schedule
since specifying either the scheduled start time or the scheduled end time is
possible. Furthermore, since the determination result of whether or not the tank
needs to be replaced is displayed before the start of model processing, the
modeling operator can recognize in advance whether or not the modeling
material storage tank needs to be replaced during execution of model
processing. Furthermore, the recommended time for tank replacement is

calculated on the basis of the remaining amount of modeling material and the
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estimated usage amount, and is displayed before the start of model processing,
so the modeling operator can recognize in advance the appropriate timing to

replace the modeling material storage tank while performing model processing.

[0184] For example, if replacing the modeling material storage tank is required
while the modeling operator is absent, the modeling operator will not be able to
replace the modeling material storage tank. In this case, the modeling material
will run short and model processing is interrupted. Therefore, by displaying the
recommended time for tank replacement, if the modeling operator determines
that replacing the tank at the recommended time will be difficult, the scheduled
start time of modeling can be shifted and scheduled so that the recommended
time for tank replacement falls in a time period during which tank replacement

is possible, thereby preventing interruptions to model processing.

[0185] In addition, a notification e-mail is sent when the recommended time
for tank replacement arrives and when the scheduled end time of model
processing arrives, so the modeling requester can be prompted to replace

the tank or informed of the end of model processing.

[0186] Note that in this embodiment, an example has been described in which
the z movement unit 40 is composed of a portable plate 41 and a plate
mounting base 42. However, the present invention is not limited to a case
where the portable plate 41 and the plate mounting base 42 are movable, but
rather these components may be fixed. In other words, the present invention
also includes a configuration in which modeling material layers are laminated

on the modeling stage 112 by moving the head unit 111 in the vertical direction.

[0187] In addition, with this embodiment, an example was described in which
the three-dimensional modeling device 10 is an inkjet-type lamination modeling
machine, but the present invention does not limit the method of modeling the
model target object to this case, and other methods may be used as long as the

methods involve sequentially laminating layers of modeling material on the
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modeling stage 112. For example, the present invention can also be applied to
a modeling device that employs a photo-modeling method in which a UV curable
resin is irradiated with laser light to solidify the resin. In the stereolithography
method, a laser beam is irradiated onto the surface of a liquid UV-curable resin
from above a container, and the surface of the resin is selectively exposed to
light and solidified by two-dimensionally scanning the laser beam. Alternatively,
the present invention can be applied to a modeling device that employs a
powder bonding method, a sheet lamination method, or a resin extrusion
method. The powder bonding method is a modeling method in which a powder
layer made of thermoplastic powder is selectively melted and solidified by
irradiating the powder layer with laser light, or by applying a binder liquid to a
powder such as sand, thereby selectively solidifying the powder layer. The sheet
lamination method, also known as LOM (Laminated Object Manufacturing), is a
modeling method in which sheets of paper or the like are bonded together and
the upper sheet material is cut with a knife or the like to create a prescribed
shape. The resin extrusion method, also known as FDM (Fused Deposition
modeling), is a modeling method in which a thermoplastic resin is extruded in a

molten state from a nozzle while the nozzle is scanned to form a resin layer.

DESCRIPTION OF CODES

[0188] 100. Modeling System

10. Three-dimensional modeling device
11. Upper door

110. Work space

111. Head unit

112. Modeling stage

113. X-scanning engagement groove
114. Purge tray

116. Top plate

12. Operation display unit

121. Operating unit
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122. Display unit

130. Cartridge storage part

13. Front door

13M. Model material cartridge
13S. Support material cartridge
13H. Waste liquid tank

20. Modeling requester terminal
21. Administrator terminal

23. Internet

24. E-mail server

31. Support material nozzle unit

311. Support material reserve tank

312. Support material modeling material nozzle

32. Model material nozzle unit

321. Model material reserve tank

322. Modeling material nozzle for model material

33. Y scanning holder unit

34. Roller unit

341. Film thickness adjustment roller
35. Lamp unit

351. UV lamp

40. Z movement unit

41. Portable plate

42. Plate mounting base

43. Z drive device

50. Reception screen

60. Scheduled model setting screen
400. Network communicating unit
401. Modeling job storage unit

402. Model processing unit

403. Scheduled start time setting unit
404. Scheduled end time calculating unit
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405. Remaining amount detecting unit
406. Tank replacement determining unit
407. Recommended time calculating unit
408. Notification e-mail sending unit

1. LAN

2. Discharge port

3. Droplet

4. Modeling material layer

Fd1 to Fd4. Field

M. Model material

S. Support material

SS. Base layer
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[Claims]

1. Athree-dimensional modeling device that sequentially laminates modeling
material layers made of modeling material on a modeling stage, comprising:

modeling data storing means for storing modeling data including a three-
dimensional shape of a model target object and a position mode indicating a
position and an orientation of the model target object on the modeling stage;

model processing means that performs model processing to form a
model target object on the modeling stage on the basis of the modeling data;

estimated modeling time storing means for storing an estimated
modeling time required for model processing calculated on the basis of a
three-dimensional shape of the model target object and the position and
orientation on the modeling stage;

scheduled time receiving means capable of receiving a first scheduled
time on the basis of one of a scheduled start time or a scheduled end time of
model processing;

modeling time calculating means for calculating a second scheduled
time on the basis of the time estimated modeling time and the first scheduled
time received by the scheduled time receiving means; and

scheduled time displaying means for displaying the first scheduled
time received from the scheduled time receiving means and the second
scheduled time calculated by the modeling time calculating means;

wherein model processing means starts model processing at the

scheduled start time.

2. The three-dimensional modeling device according to claim 1, further
comprising:

a removable modeling material storage tank for containing the
modeling material prior to use;

remaining amount detecting means for detecting a remaining amount

of the modeling material in the modeling material storage tank;
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tank replacement determining means for determining whether or not the
modeling material storage tank needs to be replaced during execution of
model processing on the basis of the remaining amount; and

determination result displaying means that displays the determination

results prior to the start of model processing.

3. The three-dimensional modeling device according to claim 2, further
comprising:

estimated usage amount calculating means for calculating an
estimated usage amount of the modeling material in model processing on the
basis of the modeling data; and

recommended time calculating means for calculating a recommended
time for tank replacement on the basis of the remaining amount and the
estimated usage amount of the modeling material,

wherein the determination result displaying means displays the

recommended time before model processing starts.

4, The three-dimensional modeling device according to claim 2 or 3,
further comprising:

scheduled time storing means for storing the scheduled start time and
the scheduled end time in association with the modeling data;

wherein when model processing is scheduled to be performed before
model processing of the determination target, the tank replacement determining
means determines whether or not the tank needs to be replaced on the basis of
the estimated amount of modeling material used in model processing scheduled

to be performed and the current remaining amount of modeling material.
5. The three-dimensional modeling device according to claim 3, further
comprising:

destination address storing means for storing a destination address of

a notification e-mail in association with the modeling data; and

59

59



10

15

20

25

30

notification e-mail sending means for sending the notification e-mail
including a message encouraging tank replacement to a destination specified

by the destination address when the recommended time arrives.

6. The three-dimensional modeling device according to any one of claims
1 to 4, further comprising:

destination address storing means for storing a destination address of
a notification e-mail in association with the modeling data; and

notification e-mail sending means for sending the notification e-mail
including a message to notify of the completion of model processing to a
destination specified by the destination address when the scheduled end time

arrives.

7. A modeling system, including a modeling data creating device that
generates modeling data for forming a model target object, and a three-
dimensional modeling device that is connected to the modeling data creating
device via a communication network, that performs model processing for
sequentially laminating modeling material layers made of a modeling material
on a modeling stage on the basis of the modeling data, wherein

the modeling data creating device includes:

modeling data generating means that generates modeling data including
a position mode that indicates a three-dimensional shape of a model target object
and the position and orientation of the model target object on the modeling stage;

estimated modeling time calculating means for calculating an
estimated modeling time required for model processing on the basis of a
three-dimensional shape of the model target object and the position and
orientation on the modeling stage;

scheduled time receiving means capable of receiving a first scheduled
time on the basis of one of a scheduled start time or a scheduled end time of

model processing;
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modeling time calculating means for calculating a second scheduled
time on the basis of the time estimated modeling time and the first scheduled
time received by the scheduled time receiving means; and

model settings transmitting means for transmitting the first scheduled
time received by the scheduled time receiving means and the second
scheduled time calculated by the modeling time calculating means, together
with the modeling data, to the three-dimensional modeling device,

wherein the three-dimensional modeling device includes scheduled
time storing means for storing the scheduled time received from the modeling
data creating device in association with the modeling data; and

model processing means that, when the scheduled start time arrives,
starts model processing on the basis of the modeling data associated with

the scheduled start time.
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Abstract

PROBLEM

To provide a three-dimensional modeling device that can automatically start

model processing so as to end at a time designated by a user.

RESOLUTION MEANS

A system includes modeling data storing means for storing modeling data
including the three-dimensional shape of the model target object and the position
and orientation of the model target object on the modeling stage 112, a model
processing unit 402 for performing model processing to form the model target
object on the modeling stage 112 on the basis of the modeling data, an estimated
modeling time storage means for storing an estimated modeling time required for
model processing calculated on the basis of the three-dimensional shape of the
model target object and the position and orientation on the modeling stage 112, a
scheduled start time setting unit 403 capable of accepting specification of the
scheduled start time of model processing, a scheduled end time calculating unit
404 for calculating the scheduled end time on the basis of the estimated modeling
time and the scheduled start time, and a scheduled time displaying means for
displaying the scheduled start time and the scheduled end time. The model

processing unit 402 starts model processing at the scheduled start time.
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