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UNITED STATES PATENT AND TRADEMARK OFFICE

BEFORE THE PATENT TRIAL AND APPEAL BOARD

3D Systems Corporation et al.,
Petitioner
V.
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Patent Owner.
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Declaration of Eric Vance

I, Eric Vance, declare pursuant to 28 U.S.C. § 1746:

1. T am over the age of eighteen and competent to testify regarding the matters contained
herein.

2. Tam located in the United States.

3. Ipossess a BS/BA in Physiology and Japanese.

4. T have over nine years of professional translation experience in translating from Japanese
to English.

5. Talso possess a Japanese-Language Proficiency Test (JLPT) N1 certification.
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6. I hereby certify I am an experienced and qualified translator in Japanese-to-English
translation.

7. On or about May 20, 2025, I was asked to translate from Japanese to English an
international patent application published under the Patent Cooperation Treaty as International
Publication No. WO 2017/154564 A1, the original version of which is attached hereto as Exhibit
1.

8. On or about May 23, 2025, I completed the translation of the aforementioned patent
application from Japanese to English, and my translated version is attached hereto as Exhibit 2.

9. Pursuant to 37 C.F.R. § 42.63(b), I hereby certify that the attached translation, i.e., Exhibit
2, reflects the content, meaning, and style of the original text and constitutes a true and accurate
translation of the original document.

10. Pursuant to 37 C.F.R. § 1.68, I have been warned that willful false statements and the like
are punishable by fine or imprisonment, or both, pursuant to 18 U.S.C. § 1001, and may jeopardize
the validity of the aforementioned application or any patent issuing thereon.

11. Additionally, pursuant to 37 C.F.R. § 1.68, all statements made herein are of my own
knowledge and are true.

I declare under penalty of perjury that the foregoing is true and correct. Executed on July 3, 2025.

Eric Vance
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(57) Abstract: Provided is a three-dimensional shaping device by which a streak
in a shaping direction is hardly formed on a surface of a product shaped article
in a boundary region of a projected region of an exposure image. A container re-
tains photocuring liquid resin material. A first projector causes a first exposure
image to be incident on an incident surface to be projected into the resin materi -
al. A second projector causes a second exposure image continuing to the first ex-
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material. A control unit adjusts a boundary region on a projected surface of a
first projection image obtained by projecting the first exposure image with the
first projector and a second projection image obtained by projecting the second
exposure image with the second projector.
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SPECIFICATION
Title of Invention: THREE-DIMENSIONAL SHAPING DEVICE
Technical Field
[0001] The present invention relates to a three-dimensional shaping device that manufactures
three-dimensional shaped objects by projecting exposure images into a photocuring liquid resin
material.
Background Art
[0002] In recent years, the development of three-dimensional shaping devices that manufacture
three-dimensional shaped objects by laminating solidified layers formed by exposing photocuring
liquid resin materials has been progressing. In three-dimensional shaping devices that laminate
by moving a solidified layer formed by exposing a surface layer of a resin material downward,
shaping speed in the lamination direction being low is a problem (Patent Document 1).
[0003] In contrast, Patent Document 2 proposes a three-dimensional shaping device that can
relatively quickly shape three-dimensional products by projecting exposure images that solidify
the resin material through a bottom surface of a container while pulling up a solidified layer
solidified by an exposure image.
Prior Art Literature
Patent Documents
[0004] Patent Document 1: US Patent Application Publication No. 2015/54198 Specification
Patent Document 2: US Patent No. 9216546
Summary of Invention
Problem to Be Solved by Invention
[0005] A three-dimensional shaping device that projects an exposure image into a resin material
has image projection means (a so-called projector) that project the exposure image formed by an
image forming element into a resin material through projection optical system. In such a three-
dimensional shaping device, a range of a cross-section perpendicular to a shaping direction of the
shaped product is limited to a surface area where the exposure image can be projected by the
projection optical system.
[0006] Here, when a projection magnification of the projection optical system is increased, the
shaping surface area also increases, but pixels of the projection image become larger, resulting in
a decrease in shaping resolution of the shaped product. However, when attempting to expand the
shaping surface area without increasing the projection magnification of the projection optical
system, a large and high-resolution image forming element and a large-diameter projection optical
system are required, which increases manufacturing costs of the three-dimensional shaping device.
[0007] Therefore, it has been proposed to arrange a plurality of image projection means facing a
bottom surface of a container and connect their respective projection regions to secure a large
shaping surface area. However, when performing three-dimensional shaping using multiple image
projection means by dividing the exposure image of the shaped product, it has been found that
streak patterns or slits in the shaping direction are formed on the surface of the shaped object in a
boundary region of the projection images of adjacent image projection means.
Means for Solving Problem
[0008] An object of the present invention is to provide a three-dimensional shaping device that
does not readily form streak patterns or slits in a shaping direction on a surface of a shaped product
in a boundary region of a projection region of an exposure image.
[0009] The three-dimensional shaping device of the present invention is provided with a container
holding a photocuring liquid resin material and having an incident surface on which incident
exposure images that solidify the resin material are caused to be incident, first image projection
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means for projecting a first exposure image into the resin material from the incident surface,
second image projection means for projecting a second exposure image continuous with the first
exposure image into the resin material from the incident surface, moving means for moving a
shaped layer formed by solidifying the resin material with the first exposure image and the second
exposure image away from the incident surface, and control means for adjusting a boundary
region between the first projection image formed by projecting the first exposure image into the
resin material via the first image projection means and the second projection image formed by
projecting the second exposure image into the resin material via the second image projection
means.

Effect of Invention

[0010] According to the present invention it is possible to provide a three-dimensional shaping
device that does not readily form streak patterns or slits in a shaping direction on a surface of a
shaped product in a boundary region of a projection region of an exposure image.

Brief Description of Drawings

[0011] [FIG. 1] A descriptive diagram of the configuration of the three-dimensional shaping
device of embodiment 1.

[FIG. 2] A descriptive diagram of the configuration of the projector.

[FIG. 3] A flowchart of shaping processing program creation.

[FIG. 4A] A descriptive diagram of an alignment mechanism of the image forming element. FIG.
4A is a side view.

[FIG. 4B] A descriptive diagram of the alignment mechanism of the image forming element. FIG.
4B is a plan view.

[FIG. 4C] A descriptive diagram of the alignment mechanism of the image forming element. FIG.
4C is a front view.

[FIG. 5] A schematic diagram of the projection region of the projector.

[FIG. 6] A descriptive diagram of the boundary region of the projection image.

[FIG. 7] A flowchart for displacement correction control of the projection image of embodiment
1.

[FIG. 8A] A descriptive diagram of movement of the projection region. FIG. 8A illustrates before
correction.

[FIG. 8B] A descriptive diagram of movement of the projection region. FIG. 8B illustrates after
correction.

[FIG. 9] A flowchart for displacement correction control of the projection image of embodiment
2.

[FIG. 10A] A descriptive diagram of correction of the exposure image. FIG. 10A illustrates before
correction.

[FIG. 10B] A descriptive diagram of correction of the exposure image. FIG. 10B illustrates after
correction.

[FIG. 11] A flowchart for brightness correction control of the projection image of embodiment 3.
[FIG. 12A] A descriptive diagram of correction of the exposure image. FIG. 12A illustrates before
correction.

[FIG. 12B] A descriptive diagram of correction of the exposure image. FIG. 12B illustrates after
correction.

[FIG. 12C] A descriptive diagram of correction of the exposure image. FIG. 12C illustrates after
correction.

[FIG. 13A] A descriptive diagram of deflection of the projection plane. FIG. 13A illustrates the
projection plane.
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[FIG. 13B] A descriptive diagram of deflection of the projection plane. FIG. 13B illustrates
deflection of the transmissive member.

[FIG. 14] A descriptive diagram of the tilt adjustment mechanism for the projection plane of the
exposure image.

[FIG. 15] A flowchart of angle correction control of the projection plane of embodiment 4.

[FIG. 16A] A descriptive diagram of an oxygen supply chamber. FIG. 16A illustrates a deflection
state of the transmissive member.

[FIG. 16B] A descriptive diagram of an oxygen supply chamber. FIG. 16B illustrates an oxygen
supply system.

[FIG. 17A] A descriptive diagram of image processing of the exposure image of the shaped
product. FIG. 17A illustrates the exposure image of the shaped product.

[FIG. 17B] A descriptive diagram of image processing of the exposure image of the shaped
product. FIG. 17B illustrates the exposure image of one of the projection regions.

[FIG. 17C] A descriptive diagram of image processing of the exposure image of the shaped
product. FIG. 17C illustrates the exposure image of the other projection region.

[FIG. 18] A descriptive diagram of calibration.

[FIG. 19A] A descriptive diagram of an alignment reference plate. FIG. 19A illustrates a
positioning image.

[FIG. 19B] A descriptive diagram of the alignment reference plate. FIG. 19B illustrates an
alignment plate.

[FIG. 20] A descriptive diagram of the liquid tank of embodiment 8.

[FIG. 21] A descriptive diagram of the liquid tank of embodiment 9.

[FIG. 22A] A descriptive diagram of another example of a camera arrangement. FIG. 22A
illustrates an intermediate position of the projection optical system.

[FIG. 22B] A descriptive diagram of another example of a camera arrangement. FIG. 22B
illustrates an outer side of the shaping region.

[FIG. 23] A descriptive diagram of another example of a light source.

[FIG. 24A] A descriptive diagram of another example of the shaping direction of the shaped
product. FIG. 24A illustrates an embodiment that shapes downward.

[FIG. 24B] A descriptive diagram of another example of the shaping direction of the shaped
product. FIG. 24B illustrates an embodiment that shapes in the horizontal direction.
Embodiments of Invention

[0012] Embodiments of the present invention will be described in detail below with reference to
the attached drawings.

[0013]

<Embodiment 1>

As illustrated in FIG. 1, in embodiment 1, projectors arranged in a 5x5 configuration ensure a
shaping surface area of 500 mm x 500 mm. A boundary region of adjacent projection regions is
captured by a camera 130, and overlap of the projection regions in the boundary region is
mechanically adjusted based on the captured image.

[0014]

(Three-Dimensional Shaping Device)

FIG. 1 is a descriptive diagram of the configuration of the three-dimensional shaping device of
embodiment 1. FIG. 2 is a descriptive diagram of the configuration of the projector. As illustrated
in FIG. 1, a three-dimensional shaping device 100 projects an exposure image into a resin material
in a container 11 using projectors 20 arranged in a 5x5 configuration to create a shaped product
30, which is one example of a three-dimensional shaped object.
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[0015] As illustrated in FIG. 2, the container 11, which is one example of a container, holds a
photocuring liquid resin material 10 and has an incident surface that allows the exposure image
to become incident into the resin material. The container 11 has a transmissive portion 11a, which
is an opening for projecting the exposure image into the container. A transmissive member 12 is
attached to the transmissive portion 11a to hold the photocuring liquid resin material 10 so as not
to leak.

[0016] A lifting member 13, which is one example of moving means, and a lifting device 17 move
a shaped layer formed by solidifying the resin material by projectors 20a and 20b away from an
incident surface 12a. The lifting member 13 is lifted upward by the lifting device 17 at a speed
set as desired or a pitch and time interval set as desired, which operates by a pulse motor and a
ball screw. The lifting member 13 is made of a material that allows the cured resin material 10 to
be attached and removed, and has been given a surface shape that allows easy removal.

[0017] Projectors 20 project exposure images RG formed on the surface of an image forming
element 23 into the resin material 10 in the container 11. The exposure images RG are focused at
an image formation position 28. The projector 20a, which is one example of the first image
projection means, causes a first exposure image (RGa: FIG. 6) so be incident via the incident
surface 12a to project such into the resin material. The projector 20b, which is one example of the
second image projection means, causes a second exposure image (RGb: FIG. 6) continuous with
the first exposure image so be incident via the incident surface 12a to project such into the resin
material 10. As will be described later, the projector 20a can be remotely operated individually to
move in a plane, to adjust the projection magnification, and to adjust the focal position.

[0018]

(Image Forming Element)

The image forming element 23 forms the exposure image illuminated by a light source 21, which
is one example of illumination means. The light source 21 generates ultraviolet light using an
ultraviolet LED to illuminate the image forming element 23. A projection optical system 25
projects the exposure image formed by the image forming element 23 through the incident surface
12a into the resin material 10.

[0019] The image forming element 23 is a light modulation element that forms an image on a
surface according to image data. The image forming element 23 is formed by arranging minute
movable mirrors corresponding to individual pixels in a grid pattern, and a reflected image of the
illumination light is output from the light source 21. In consideration of the high utilization
efficiency of ultraviolet light, the image forming element 23 employs a DMD element DLP9000
from Texas Instruments.

[0020] The projection optical system 25 project the binary image formed on the surface of the
image forming element 23 to the image formation position 28, which is a conjugate position of
the exposure image RG on the projection optical path of the exposure image. The projection
optical system 25 have a projection magnification of 10 times, displaying one 7.6 um square pixel
formed on the image forming element 23 enlarged to a pixel of 76 pm square in the projection
image.

[0021] The mirror of each pixel of the image forming element 23 may simply be turned ON/OFF
in synchronization with switching of the exposure image RG. However, it is also possible to set a
brightness gradation (intensity modulation amount) for each pixel constituting the exposure image.
The image forming element 23 can turn the mirror of each pixel ON/OFF (change of reflection
angle) 250 times per second within a duty ratio range of 0 to 100%. By individually setting an
ON duty ratio for the mirror of each pixel, it is also possible to output intermediate tones
(grayscale) of the pixels.
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[0022]

(Transmissive Member)

The transmissive member 12 is a fluororesin material allowing oxygen and ultraviolet light to
pass through and having a 2 mm thick substantially transmissive appearance. Specifically, this is
Teflon (registered trademark) AF2400 made by Mitsui DuPont and has a transmittance of 88%
for ultraviolet light from the light source 21.

[0023] The transmissive member 12 allows oxygen in the air to pass through, forms an oxygen-
rich atmosphere at the interface with the resin material 10, and hinders a radical polymerization
reaction of the resin material 10 caused by ultraviolet light. As a result, a thin liquid layer of the
resin material 10 (a so-called dead zone) 31 is formed between the shaped product 30 and the
transmissive member 12, allowing the shaped product 30 to be pulled upward without adhering
to the transmissive member 12.

[0024] That is, the resin material 10 used in embodiment 1 solidifies by undergoing a radical
polymerization reaction due to ultraviolet light, and is a resin material whose radical
polymerization reaction is hindered in an oxygen-rich environment. For example, this includes
photocuring polyurethane, photocuring epoxy resin, photocuring urethane, photocuring silicone
rubber, or the like.

[0025]

(Control Unit)

A control unit 110 is a computer that holds in a RAM 112 a processing program and data recorded
in a ROM 113 and executes calculations and processing necessary for a CPU 111. The control
unit 110 is a three-dimensional shaping controller that operates the three-dimensional shaping
device 100 by executing a shaping processing program generated by an external computer 122.
[0026] The control unit 110 outputs a moving image arranged in chronological order of images
of each layer of the shaped product 30 to the image forming element 23, while continuously or
intermittently lifting the lifting member 13 at a speed linked to a playback speed of the moving
image by the lifting device 17. As a result, the shaped product 30, whose upper end is fixed to the
lifting member 13, is three-dimensionally shaped to grow upward.

[0027]

(Molding Processing Program)

FIG. 3 is a flowchart of shaping processing program creation. As illustrated in FIG. 2, the external
computer 121 inputs design data of the shaped product 30 to the control unit 110 and inputs
commands to the control unit 110, such as to start or interrupt the shaping of the shaped product
30. The control unit 110 has installed therein software that automatically creates a shaping
program for the shaped product 30 based on the design data of the shaped product 30.

[0028] As illustrated in FIG. 3, the CPU 111 acquires the design data (CAD data) of the shaped
product 30 from the external computer 121 (S11). The CPU 111 sets a shaping region of a
predetermined height increment of the shaped product 30 based on the design data of the shaped
product 30 and divides such into shaping regions of each projector 20 (S12).

[0029] The CPU 111 sets the exposure images of the photocuring resin material for each shaping
region of the predetermined height increment of the projectors 20 (S13). The CPU 111 sets a
switching interval of the exposure images of the image forming element 23 (that is, a video
playback speed) and a lifting plan of the lifting member 13 by the lifting device 17 (S14). The
CPU 111 combines the switching plan of the exposure images of the image forming element 23
and the lifting plan of the lifting member 13 to create the shaping processing program for the
shaped product 30 and saves such in the RAM 112 (S15). The shaping processing program and
associated data are transmitted to the external computer 121 and stored in a recording medium.
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[0030] The process of dividing the projection image according to the projection region (TR: FIG.
6) for each projector 20 may also be executed by the external computer 121.

[0031]

(Projector)

As illustrated in FIG. 2, the projector 20 projects the exposure image formed by the image forming
element 23 through the projection optical system 25 into the resin material 10. In the case of one
projector 20, the range of the cross-section perpendicular to the shaping direction of the shaped
product 30 in which an exposure image can be projected by the projection optical system 25 is
the shaping surface area.

[0032] When the projection magnification of the projection optical system 25 is increased, the
shaping surface area increases, but pixels of the projection image become larger, resulting in a
decrease in shaping resolution of the shaped product 30. To expand the shaping surface area
without increasing the projection magnification of the projection optical system 25, a large high-
definition image forming element 23 corresponding to the large shaping region and a large-
diameter projection optical system 25 are required, which significantly increases manufacturing
costs of the three-dimensional shaping device 100.

[0033] Therefore, in the three-dimensional shaping device 100, as illustrated in FIG. 1, 25
projectors 20 arranged in a 5x5 configuration are positioned facing the bottom surface of the
container 11, ensuring a large shaping surface area by connecting the 25 projection regions in a
grid pattern. However, when the 25 divided exposure images are simply projected by the 25
projectors 20 to perform three-dimensional shaping, streaks or slits in the shaping direction
corresponding to the boundary regions of the divided projection images will be formed at the
position of the shaped product 30.

[0034] Therefore, in embodiment 1, the boundary region of the divided projection images is
captured by a camera 130, and position adjustment of the individual image forming elements 23
is performed based on the captured image. This adjusts the boundary region of adjacent projection
images where split exposure images are projected, reducing displacement between the pixels of
adjacent projection images.

[0035] In other words, when increasing the magnification of the projection optical system 25 to
form a large shaped product 30, the resolution inevitably decreases. Therefore, to form a large
and high-resolution shaped product 30, it is necessary to use multiple projection optical systems
25 and stitch together each projection image during shaping. However, when stitching together
the projection images from multiple projection optical systems 25, there may be displacement of
the projection images at the boundaries between adjacent projection images, differences in
exposure amounts, or the like, which can prevent the projection images from connecting smoothly.
When the projection images do not connect smoothly, shapes such as steps, grooves, and slits that
were not present in the design data (three-dimensional structure data) of the shaped product 30
appear in the portions of the shaped product 30 corresponding to the boundaries of the projection
images, and shape accuracy decreases. Therefore, to ensure that the seams of the projection image
TG on the projection plane TM (= shaping plane) are not visible, it is necessary to correct
positional displacement between adjacent projection images and to make the light distribution
uniform.

[0036] When using multiple projectors 20 to project individual exposure images RG formed by
dividing the overall exposure image, when there is a positional displacement of the image pattern
at the interface of the adjacent projection images TG, the following causes can be conceivable:
(1) displacement of the projection position, (2) differences in image magnification, and (3)
distortion of the image itself. Also, in embodiment 1, (1) an object is to reduce displacement of
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the position where the image is projected, and (2) the difference in the magnification of the image
and (3) the distortion of the image itself will be described later.

[0037] As illustrated in FIG. 6, referring to FIG. 2, the camera 130, which is one example of an
image information acquisition unit, is provided between adjacent projection optical systems 25 to
acquire the captured image of the boundary region KR of the projection images TG. In
embodiment 1, the amount of positional displacement of the exposure image RG for each
projector 20 is measured based on the captured image obtained by the camera 130. In embodiment
1, a positioning image 1G, which is one example of an alignment mark provided outside the
shaping region of the projection plane TM, is used during actual exposure. The positioning image
IG projected onto the interface between the resin material 10 and the transmissive member 12 is
captured by the camera 130 to obtain imaging data. The transmissive member 12 is a window
having a different refractive index from the resin material (monomer material) 10 inside the
container 11, on which the projection image from the projection optical system 25 becomes
incident.

[0038]

(Alignment Mechanism)

FIGS. 4A to 4C are descriptive diagrams of the alignment mechanism of the image forming
element 23. FIG. 4A is a side view, FIG. 4B is a plan view, and FIG. 4C is a front view. As
illustrated in FIGS. 4A to 4C, an image display unit 40 holds the image forming element 23 on an
inner side of a box-shaped housing 40f so as to be movable by actuators 41 to 48 and 51 to 53
using piezoelectric elements. The actuators 41 to 48 and 51 to 53 expand and contract according
to an applied direct current voltage.

[0039] The actuators 41 to 48, which are one example of adjustment means, can adjust the position
of the image forming element 23 in a plane that intersects the projection optical axis of the
exposure image. The control unit 110 can adjust the relative position at the boundary region KR
of the two adjacent projection images TG by controlling the actuators 41 to 48. The actuators 41,
42, 43, and 44 can move the image forming element 23 in a Y direction by combining their
respective expansions and contractions. The actuators 45, 46, 47, and 48 can move the image
forming element 23 in an X direction by combining their respective expansions and contractions.
The actuators 41, 42, 43, 44, 45, 46, 47, and 48 can rotate the image forming element 23 in a XY
plane to adjust the angle, by combining their respective expansions and contractions.

[0040] The actuators 51, 52, and 53 can move the image forming element 23 in a Z direction by
expanding and contracting together. The actuators 51, 52, and 53 can adjust an angle of the image
forming element 23 in an XZ plane and a YZ plane by combining their respective expansions and
contractions.

[0041] The control unit (110: FIG. 2), which is one example of control means, processes the
captured image taken by the camera 130 to calculate the amount of pixel displacement in two
adjacent projection images and operates the actuators 41 to 48 to offset the displacement amount.
[0042]

(Alignment Control)

FIG. 5 is a schematic diagram of the projection region of the projector. FIG. 6 is a descriptive
diagram of the boundary region of the projection image. As illustrated in FIG. 2, the camera 130,
which is one example of imaging means, captures the boundary region KR from the outer side of
the container 11. The control unit 110 adjusts the boundary region (KR: FIG. 6) between the first
projection image (TGa: FIG. 6) projected by the projector 20a with the first exposure image
(RG _a: FIG. 6) and the second projection image (TGb: FIG. 6) projected by the projector 20b
with the second exposure image.
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[0043] A description is given by taking four adjacent projectors 20 out from the three-dimensional
shaping device 100 illustrated in FIG. 1. As illustrated in FIG. 5, the four projectors 20 project
the exposure image RG divided into four to form the projection image TG at the image formation
position 28. The projection image TG is set on the inner side of the projection region TR of the
projector 20.

[0044] As illustrated in FIG. 6, the projection regions TR of the four projectors 20 overlap in the
boundary region KR. Adjacent projection images TG are connected, each containing half of the
boundary region KR. The control unit (110: FIG. 2) adjusts the position, tilt angle, illuminance,
and the like of the adjacent projection images TG in the boundary region KR based on the captured
image of the boundary region KR by the camera 130. Note that in FIG. 6, the width of the
boundary region KR is displayed in an exaggerated manner, but in reality, this is only about 10
pixels (0.75 mm) of overlap.

[0045] The camera 130 is positioned to face the boundary region KR of the adjacent projection
regions TR, so that two positioning images IG projected in the projection region TR can fit within
the field of view. Before the start of shaping, the camera 130 captures the positioning image 1G
in the projection region, and after the start of shaping, captures the image projected in the
projection region TR of the exposure image RG of the shaped product 30.

[0046] The camera 130 is for measuring projection images. The camera 130 acquires image data
of the projection image TG at a sampling rate of twice the frame rate of a image forming element
27 or more, synchronized with the frame rate of the image forming element 27. The camera 130
obtains position information and illumination information of the image pattern of the projection
image TG located in the boundary region KR.

[0047] In embodiment 1, the camera 130 has an imaging element sensitive to ultraviolet light and
captures images of reflected light based on a refractive index difference of ultraviolet light at the
interface between the resin material 10 and the transmissive member 12, and in the shaped product
30. However, it is also possible to use a camera 130 having an imaging element sensitive to visible
light. To do this, as described later, the light source 21 is temporarily switched to a visible light
source at the imaging timing, or visible light is superimposed on ultraviolet light. Additionally,
by mixing a fluorescent agent into the resin material, ultraviolet light can be converted to visible
light, making the projection image TG observable in visible light. As described later, the camera
130 can be remotely operated individually, allowing for positional adjustment in the plane
direction and focus position adjustment.

[0048] As illustrated in FIG. 4B, by moving the image forming element 23 in the XY plane, the
projection image TG moves in the plane of the image formation position 28. By tilting the image
forming element 23 in the XY plane, the projection image TG is adjusted for tilt angle in the plane
of the image formation position 28. As illustrated in FIG. 2, the CPU 111 divides the overall
projection image of each layer to be formed from the design data of the shaped product 30 into
projection images TG for each projector 20. The CPU 111 prepares a large number of captured
images (a so-called FLIPBOOK) that are time-sequentially grouped for each projector 20 to which
the divided exposure images are assigned, and waits for the start of shaping.

[0049] Here, in a modification of embodiment 1, a camera 130 sensitive to infrared light is used
instead of a camera 130 sensitive to ultraviolet light. The radical polymerization reaction of resin
monomers is a highly exothermic reaction, and thus the shaping region of the shaped product 30,
where the curing of the resin material is progressing within the projection image TG, acts as an
infrared source. By using a camera 130 sensitive to the infrared region and focusing on the image
formation position 28, an image of a shaping contour of the shaped product 30 with high contrast
that highlights the illumination of the shaping region against the non-shaping region is obtained.



WO 2017/154564 9 PCT/JP2017/006458

This allows for high-resolution detection of displacement and gaps between adjacent projection
images TG in the boundary region KR.

[0050]

(Flowchart)

FIG. 7 is a flowchart for displacement correction control of the projection image of embodiment
1. FIGS. 8A and 8B are descriptive diagrams of movement of the projection region. FIG. 8A
illustrates before correction, and FIG. 8B after correction. The CPU 111 executes an imaging
process during the shaping of the shaped product 30 and captures the boundary region KR via the
camera 130. In the adjustment process following the imaging process, the CPU 111 captures the
boundary region KR during the shaping of the shaped product 30 to adjust the alignment of the
boundary region KR.

[0051] As illustrated in FIG. 7, when the CPU 111 receives a command to start the shaping from
the external computer 121, it begins displacement correction control of the projection image TG.
The CPU 111 displays a positioning mark on the image forming element 23 to form a positioning
image IG at the image formation position 28, as illustrated in FIG. 6. Then, the positioning image
IG is captured by the camera 130 to acquire the captured image (S21).

[0052]

The positioning image 1G solidifies the resin material 10 on the lifting member 13, but this is
before the shaping of the shaped product 30, so it is not a problem. However, for the positioning
image IG, by lowering the brightness gradation (ON duty) of the pixels in the image forming
element 23 and completing such in a short time, it is also possible to avoid unnecessary
polymerization reactions of the resin material 10.

[0053]

The CPU 111 processes the captured image of the positioning image IG to calculate correction
amounts for the positional displacement and tilt of the individual projection regions TR (S22).
The CPU 111 operates the actuators 41 to 48 to correct the positional displacement and tilt of the
individual projection regions TR (S22). After correcting the positional displacement and tilt of
the projection region TR, the CPU 111 starts the shaping (S23).

[0054] As illustrated in FIG. 8A, after the start of shaping, image processing comparing the
captured image to the exposure image of the boundary region detects breaks of the exposure image
of the shaped product 30 in the boundary region KR of a product projection image 30G projected
in the projection region TR. When a break is detected, the actuators 41 to 48 are operated to adjust
the position of the projection region, as indicated by the white arrow in FIG. 8B.

[0055] After the start of shaping, the CPU 111 captures the projection image of the exposure
image projected onto the boundary region KR at an imaging timing every predetermined period
of time (1 second) (YES in S26) using the camera 130 to acquire the captured image (S27).
[0056] The CPU 111 compares the captured product projection image 30G with the exposure
image RG projected onto the boundary region KR to determine whether a gap GP has occurred in
the product projection image 30G. When a gap GP has occurred, correction amounts for the
positional displacement and tilt of the projection region TR are calculated based on the number
of pixels of the gap GP and the number of pixels of the positional displacement along the direction
of the gap (S28).

[0057] The CPU 111 operates the actuators 41 to 48 to correct the positional displacement and tilt
of the projection region TR (S29). When the shaping of the shaped product 30 is completed (YES
in S25), the CPU 111 ends the displacement correction control of the projection image TG.
[0058]

(Effect of Embodiment 1)
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As illustrated in FIG. 6, in embodiment 1, the boundary region KR between a first projection
image TGa formed by projecting the first exposure image RGa and a second projection image
TGb formed by projecting the second exposure image RGb is adjusted. As a result, it is possible
to reduce continuous patterns, bulges, depressions, deformations, slits, and the like formed in the
direction of the shaped product 30.

[0059] In embodiment 1, the camera 130 captures the boundary region KR from the outer side of
the container 11. Then, the relative position, tilt angle, illumination, and the like of the two
adjacent projection images TG are adjusted based on the captured image of the boundary region
KR from the camera 130. Therefore, control can be initiated to accurately determine and resolve
the pattern and slits in the shaping direction that are to be formed on the shaped product 30 at an
early stage. Additionally, imaging optics of the camera 130 can be configured simply.

[0060] In embodiment 1, the actuators 41 to 48 can adjust the position of the image forming
element 23 in a plane that intersects the projection optical axis of the exposure image. Thus, the
control unit 110 can move the projection image TG of the exposure image RG along a projection
plane TM to perform alignment of the two adjacent exposure images RGa and RGb.

[0061]

<Embodiment 2>

In embodiment 1, the position and tilt of the image forming element 23 were mechanically
adjusted to adjust the boundary region of the adjacent projection regions. In contrast, in
embodiment 2, the image forming element 23 is not moved, and the position of the shaped product
30 on the exposure image on the image forming element 23 is corrected. The mechanical
configuration and shaping process of the three-dimensional shaping device 100 are the same as
in embodiment 1, and thus duplicate description is omitted.

[0062] As described above, when using multiple projectors 20 to project individual exposure
images RG formed by dividing the overall exposure image, when there is a positional
displacement of the image pattern at the interface of the adjacent projection images TG, the
following causes can be conceivable: (1) displacement of the projection position, (2) differences
in image magnification, and (3) distortion of the image itself. Even when the cause itself cannot
be resolved, the displacement of the image pattern at the boundary of the adjacent projection
images TG can be resolved by correcting or deforming the individual exposure images RG.
[0063] As illustrated in FIG. 6, in embodiment 2, similarly to embodiment 1, measurement of the
position of the image pattern included in the projection image TG in the projection plane TM is
performed. Then, the amount of difference between the measured position and the designed
position of the image pattern is calculated. Then, the image data of the exposure image RG is
corrected so that the position of the image pattern on the projection image TG in the projection
plane TM matches the designed position.

[0064]

(Correction of Exposure Image)

FIG. 9 is a flowchart for displacement correction control of the projection image of embodiment
2. FIGS. 10A and 10B are descriptive diagrams of correction of the exposure image. FIG. 10A
illustrates before correction, and FIG. 10B illustrates after correction. As illustrated in FIG. 6, in
embodiment 2, the image data of the first exposure image RGa or the second exposure image RGb
corresponding to the boundary region KR is adjusted to align the adjacent projection images TGa
and TGb.

[0065] As illustrated in FIG. 9, after the start of shaping, the CPU 111 captures the projection
images TGa and TGD of the exposure images RGa and RGb projected onto the boundary region
KR at an imaging timing every predetermined period of time (1 second) (YES in S32) using the
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camera 130 to acquire the captured image (S33).

[0066] The CPU 111 compares the images located in the boundary region KR among the captured
product projection images 30G to the exposure image RG before division projected in the
boundary region KR to determine whether a gap GP has occurred. When a gap GP has occurred,
correction amounts for the positional displacement and tilt of the projection region TR are
calculated based on the number of pixels of the gap GP and the number of pixels of the positional
displacement along the direction of the gap (S34).

[0067] As illustrated in FIG. 10A, when a displacement occurs between adjacent projection
regions TR, the gap GP may occur in the product projection image 30G. At this time, in
embodiment 2, as illustrated in FIG. 10B, the individual projection regions TR are not moved,
and the projection image TG of the exposure image RG is moved within the projection region TR
as indicated by the arrows to eliminate the gap GP. The contour position of the shaped product 30
displayed in the exposure image RG on the image forming element 23 is moved by the positional
correction amount and tilted by the tilt correction amount.

[0068] The CPU 111 modifies the exposure images RG for each layer used for the subsequent
shaping of the shaped product 30 by moving the contour position of the shaped product in the
original exposure image RG by the positional correction amount and tilting it by the tilt correction
amount (S35). When the shaping of the shaped product 30 is completed (YES in S31), the CPU
111 ends the displacement correction control of the projection images.

[0069] As illustrated in FIG. 6, in embodiment 2, the image data of at least one of the two exposure
images RGa and RGb located in the boundary region KR where the gap GP has occurred is
adjusted. Therefore, there is no need to provide a mechanism to move the image forming element
23. This does not cause vibrations or noise due to the mechanical movement of the image forming
element 23.

[0070]

<Embodiment 3>

When the illumination of the product projection image differs across the boundary of adjacent
projection images, streaks in the shaping direction are formed at the boundary position of the
shaped product 30. Therefore, in embodiment 3, adjustments are made to eliminate the brightness
difference between adjacent projection images.

[0071] That is, when there is an illuminance difference between images at the boundary of
adjacent projection images TG, the following are conceivable: (1) performance differences of the
projection optical system 25 and (2) performance differences of the light source 21. Thus, in
embodiment 3, measurements of the illumination distribution on the projection plane TM of the
projection image TG are performed, and the brightness gradation (duty ratio) of each pixel in the
plane of the image forming element 23 is controlled to make the illumination distribution uniform.
Furthermore, to ensure that the illuminance difference between adjacent projection images TG
across the boundary is eliminated, the brightness gradation (duty ratio) of each pixel in the plane
of the image forming element 23 is controlled to be the same.

[0072] As described above, even when the boundary region KR is about 10 pixels, when
overlapping of the optical images of the pattern occurs, regions set for ultraviolet light incidence
overlap, resulting in a local exposure amount that is doubled. Therefore, the degree of
polymerization of the resin material 10 in that part increases, or pattern dimensions become
thicker, causing streak patterns in the shaping direction. Consequently, for regions where the
pattern is projected to overlap in regions set for ultraviolet light incidence, it is necessary to lower
the illumination of the ultraviolet light so that the total irradiation amount from both adjacent
regions equals that of the non-overlapping region. It is necessary to control the amount of
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ultraviolet light irradiation, such as by performing duty control at the pixel unit of the image
forming element 23.

[0073]

(Illuminance Correction)

FIG. 11 is a flowchart for illuminance correction control of the projection image of embodiment
3. FIGS. 12A to 12C are descriptive diagrams of the correction of the exposure image. FIG. 12A
illustrates before correction, FIG. 12B illustrates brightness correction, and FIG. 12C illustrates
after correction. The light source 21, which is one example of adjustment means, can adjust the
output of the light source 21 for each projector 20. The control unit 110 adjusts an illuminance
difference in the boundary region KR by controlling the light source 21.

[0074] As illustrated in FIG. 11, after the start of shaping, the CPU 111 captures the projection
image of the exposure image projected onto the boundary region KR at an imaging timing every
predetermined period of time (1 second) (YES in S42) using the camera 130 to acquire the
captured image (S43).

[0075] In embodiment 3, the portion located in the boundary region KR of the product projection
image spanning two projection images is detected, and the illuminance correction amount of the
two projection images is determined (S44).

[0076] For example, as illustrated in FIG. 12A, when there is an illuminance difference between
product projection images 30G and 30G', and when the illuminance difference is detected as
illustrated in FIG. 12B, the illuminance difference of the product projection images 30G and 30G'
is corrected as indicated by the dashed line. As a result, as illustrated in FIG. 12C, the illuminance
of the product projection images 30G and 30G' across the boundary is made equal.

[0077] The CPU 111 extracts the portions located in the boundary region KR of the product
projection images 30G and 30G' of adjacent projection images TG and TG'. Then, the average
illuminance of the product projection image 30G in this portion is compared to the average
illuminance of the product projection image 30G' to determine the illuminance correction amount
(S44).

[0078] The CPU 111 modifies the exposure images RG of each layer used for subsequent shaping
of the shaped product 30 so that the brightness gradation of the shaped product in the original
exposure image RG changes by exactly the illuminance correction amount (S45). When the
shaping of the shaped product 30 is completed (YES in S41), the CPU 111 ends the illuminance
correction control of the projection images.

[0079] In embodiment 3, the brightness information of the first exposure image or the second
exposure image corresponding to the boundary region KR is adjusted. Therefore, it is possible to
suppress streaks in the shaping direction (variations in shaping length in the direction along the
boundary) caused by the illuminance difference in the boundary region.

[0080] In the three-dimensional shaping device 100, it is also possible to adjust the illuminance
of the entire projection image TG by changing the output of the light source 21. Therefore, the
control unit 110 can also adjust the illuminance difference in the boundary region KR by
controlling the light source 21. By controlling the light source 21 to reduce the illuminance
difference in the boundary region KR, it is possible to suppress streaks in the shaping direction
(variations in shaping length in the direction along the boundary) caused by the illuminance
difference.

[0081]

<Embodiment 4>

In embodiment 4, the tilt of the image forming element 27 is adjusted according to the tilt of the
transmissive member 12, ensuring an appropriate thickness of the liquid layer 31 between the



WO 2017/154564 13 PCT/JP2017/006458

transmissive member 12 and the shaped product 30.

[0082]

(Deflection of Projection Plane)

FIGS. 13A and 13B are descriptive diagrams of deflection of the projection plane. FIG. 14 is a
descriptive diagram of the tilt adjustment mechanism for the projection plane of the exposure
image. FIG. 13A illustrates the projection plane, and FIG. 13B illustrates deflection of the
transmissive member. As illustrated in FIG. 13A, the transmissive member 12 is disposed on the
bottom surface of the container 11, and the resin material 10 is stored above the transmissive
member 12. As described above, the projection optical system 25 projects the exposure image RG
formed on the image forming element 23 onto the projection plane TM formed at the image
formation position 28.

[0083] As illustrated in FIG. 4A, the image display unit 40 holds the image forming element 23
inside the housing 40f so that the tilt angle can be adjusted in the XZ plane and the YZ plane by
the actuators 51 to 53. The actuators 51 to 53 can adjust the tilt of the image forming element 23
with respect to the projection optical axis of the exposure image. The actuators 51 to 53 can
expand and contract according to an applied direct current voltage, to rotate the image forming
element 23 in the XZ plane. Therefore, the control unit 110 can adjust the tilt of the projection
plane TM as desired.

[0084] In the three-dimensional shaping device 100, when the transmissive member 12 is made
thicker, it is not possible to supply sufficient oxygen to the interface with the resin material 10,
making it impossible to form the liquid layer 31. On the other hand, the three-dimensional shaping
device 100 has a large shaping region to be able to shape large shaped products 30. Therefore, as
illustrated in FIG. 13B, when the resin material 10 is injected into the container 11, rigidity of the
transmissive member 12 is insufficient, causing the center of the transmissive member 12 to bend
downward due to gravity.

[0085] As a result, an appropriate thickness of the liquid layer 31 cannot be ensured between the
transmissive member 12 and the shaped product 30, making accurate shaping at the image
formation position 28 impossible. Also, the transmissive member 12 under the projection plane
TM tilts so that the center is lower and the surroundings are higher, and thus the projection plane
TM of the exposure image RG by the projection optical system 25 is greatly separated from the
transmissive member 12 at the center of the transmissive member 12. In this case, the exposure
image is projected onto the surface of the transmissive member 12, which ensures an appropriate
thickness of the liquid layer 31, in a unfocused state. Thus, the shaping resolution of the three-
dimensional shaping device 100 decreases.

[0086] Therefore, the control unit 110 processes the captured image from the camera 130 to
determine the tilt amount of the transmissive member 12. Then, by tilting the image forming
element 23 in the XZ plane and YZ plane using the actuators 51 to 53, a projection plane TM that
is substantially parallel to the transmissive member 12 is formed, as illustrated in FIG. 14.
[0087]

(Angle Correction Control of Projection Plane)

FIG. 15 is a flowchart of angle correction control of the projection plane of embodiment 4. As
illustrated in FIGS. 4A to 4C, the actuators 51 to 53, which are one example of adjustment means,
can adjust the tilt of the image forming element 23 with respect to the projection optical axis of
the exposure image. The control unit (110: FIG. 2) adjusts the tilt of the projection plane TM of
the projection image TG by controlling the actuators 51 to 53.

[0088] As illustrated in FIG. 15, when commanded to start the angle correction control, the CPU
111 displays a positioning mark on the image forming element 23 and forms a positioning image
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IG at the interface between the resin material 10 and the transmissive member 12, as illustrated
in FIG. 6. Then, the positioning image IG is captured by the camera 130 to acquire the captured
image (S51).

[0089] The CPU 111 detects a difference in blur amount of a pair of positioning images IG along
the boundary of a pair of projection images TG and attempts to measure a distance difference to
the pair of positioning images IG (S52). When the distance difference to the pair of positioning
images IG is obtained (YES in S53), the actuators 51 to 53 are operated to set the projection plane
TM to a tilt that is substantially parallel to the transmissive member 12 (S55).

[0090] That is, when the blur amount of one of the pair of positioning images IG is low and is
detected clearly, the distance difference to the pair of positioning images IG can be measured by
evaluating the blur amount of the other image. The tilt of the interface of the transmissive member
12 can be determined from the measured distance difference using the principle of so-called
autofocus.

[0091] When the distance difference to the pair of positioning images IG cannot be obtained, the
CPU 111 operates the actuators 51 to 53 to tilt the image forming element 23 by a predetermined
amount in the direction in which the transmissive member 12 deflects to tilt (S54). Then, until the
distance difference to the pair of positioning images 1G is obtained (NO in S53), the projection
and imaging of the positioning image 1G are repeated (S51, S52).

[0092] In embodiment 4, the tilt amount or central deflection amount of the transmissive member
12 is estimated by evaluating the captured image of the positioning image IG using the camera
130. However, a vertical distance sensor such as an ultrasonic sensor may be disposed at the center
of the transmissive member 12 to measure the amount of sagging at the center of the transmissive
member 12, and the tilt amount of the transmissive member 12 may be estimated based on the
sagging amount.

[0093]

<Embodiment 5>

In the three-dimensional shaping device 100, when there is deflection in the transmissive member
12, that itself becomes a factor for displacement of the projection image TG, a factor for
differences in magnification, and a factor for distortion of the image itself. Therefore, when
dealing with this by correction of the image of the exposure image RG, the correction becomes
complicated. In addition, when the container 11 is enlarged to shape large shaped products 30, the
deflection of the transmissive member 12 increases. Therefore, in embodiment 5, pressure of an
oxygen chamber 62 is adjusted according to the tilt of the transmissive member 12 to reduce
distortion of the transmissive member 12. This ensures that a liquid layer 31 of appropriate
thickness is ensured between the transmissive member 12 and the shaped product 30.

[0094] As illustrated in FIG. 2, in embodiment 5, the container 11 is a resin tank (= monomer
material tank) of the three-dimensional shaping device 100, which houses the monomer material
on the projection plane (= shaping plane) and has a transmissive member 12 permeable to
ultraviolet light, for irradiating with ultraviolet light. Also, as illustrated in FIG. 16B, a sealed
space is provided on the outer side of the transmissive member 12 of the container 11. Also,
pressurizing means have an adjustment mechanism that introduces gas into the sealed space to
adjust the gas pressure in the sealed space. Also, the control means control the adjustment
mechanism to suppress the (gravity-induced) deformation of the transmissive member 12 caused
by introducing the resin material 10 into the container 11 by controlling the air pressure in the
sealed space. The control means detect the position of the surface of the transmissive member 12
and performs air pressure control in the sealed space according to the detected position value to
keep the position of the surface of the transmissive member 12 within a desired range. The
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transmissive member 12 is permeable to oxygen. The space between the transmissive member 12
and the quartz glass plate 61 is filled with a gas containing oxygen, at a pressure higher than
atmospheric pressure.

[0095]

(Oxygen Supply Chamber)

FIGS. 16A and 16B are descriptive diagrams of an oxygen supply chamber. FIG. 16A illustrates
the deflection state of the transmissive member, and FIG. 16B is a descriptive diagram of the
oxygen supply system. As illustrated in FIG. 2, the transmissive member 12, which is one example
of the first transmissive member, is permeable to oxygen and forms an oxygen-rich liquid layer
31 at the interface with the resin material 10 by allowing oxygen to pass through. The transmissive
member 12 holds the resin material 10 and transmits the exposure image that solidifies the resin
material 10 into the resin material from below. A quartz glass plate 61, which is one example of
the second transmissive member, forms an oxygen supply chamber 65, which is one example of
a space between it and the transmissive member 12. The projection optical system 25 project the
exposure image into the resin material by transmitting through the quartz glass plate 61 and the
transmissive member 12.

[0096] Also, as illustrated in FIG. 16A, it is desirable to form the transmissive member 12 thinly
S0 as not to impair its oxygen permeability and ultraviolet transmissivity. When the transmissive
member 12 becomes thin and lacks rigidity as a plate material, when the resin material 10 is stored
in the container 11, the center tends to sag due to the weight of the resin material 10, deforming
in an inverted dome shape. When a large surface area (for example, 100 mm square or more) of
the projection surface area is ensured in the transmissive member 12, the thickness of the resin
material 10 under the shaped object may differ by more than 100 um between the center and the
periphery of the transmissive member 12. As a result, an appropriate thickness of the liquid layer
31 cannot be ensured between the transmissive member 12 and the shaped product 30, making
accurate shaping at the image formation position 28 impossible. Also, the transmissive member
12 under the projection plane TM tilts so that the center is lower and the surroundings are higher,
and thus the projection plane TM of the exposure image RG by the projection optical system 25
is greatly separated from the transmissive member 12 at the center of the transmissive member
12. In this case, the exposure image is projected onto the surface of the transmissive member 12,
which ensures an appropriate thickness of the liquid layer 31, in a unfocused state. Thus, the
shaping resolution of the three-dimensional shaping device 100 decreases. Therefore, in
embodiment 5, as illustrated in FIG. 16B, an oxygen chamber 62 is arranged outside the container
11, and a quartz glass plate 61 that transmits ultraviolet light is closely adhered to the bottom
surface of the oxygen chamber 62, forming a gas-tight oxygen supply chamber 65. For the oxygen
supply chamber 65, oxygen gas supplied from an oxygen cylinder 64 can be adjusted to any
pressure by a pressure adjustment device 63 and supplied.

[0097] The pressure adjustment device 63, which is one example of pressurizing means, supplies
oxygen to keep the gas pressure in the oxygen supply chamber 65 higher than atmospheric
pressure. By adjusting the pressure adjustment device 63 to increase the pressure in the oxygen
supply chamber 65, the weight of the resin material 10 is offset, pushing the transmissive member
12 back upward to a horizontal position. The gas supplied to the oxygen supply chamber 65 may
be 100% oxygen, but it may also be a gas, such as nitrogen, containing oxygen. Atmospheric air
is also acceptable. To suppress the deflection of the transmissive member 12, a given pressure
must be applied. However, in that case, when pure oxygen gas is used, the oxygen inhibition effect
in the transmissive member 12 may become too large. In that case, the oxygen supply can be
controlled by lowering the partial pressure of oxygen in the supplied gas. That is, the pressure
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adjustment device 63 can adjust the pressure of the supplied gas and the partial pressure of oxygen.
The control unit 110 determines the pressure and partial pressure of oxygen in the oxygen supply
chamber 65 that can correct the deflection of the transmissive member 12, finding the pressure of
the supplied gas, the partial pressure of oxygen, and the oxygen permeability of the transmissive
member 12 (that is, the material and thickness of the window) as three parameters. Then, the
control unit 110 controls the pressure adjustment device 63 so that the determined pressure and
partial pressure of oxygen are output, thereby achieving both an oxygen inhibition effect and a
deflection correction effect of the transmissive member 12.

[0098] A distance sensor 66 projects a visible light marker into the resin material 10 and captures
the marker image formed by a refractive index difference at the interface between the resin
material 10 and the transmissive member 12. Also, by executing so-called autofocus control to
adjust the focal length of the lens so that the marker image is focused on the imaging element of
the distance sensor 66, the distance to the marker image is measured. The control unit 110 operates
the pressure adjustment device 63 to match the distance to the marker image output by the distance
sensor 66 to a reference value for which there is no distortion in the transmissive member 12. The
control unit 110 automatically controls the pressure in the oxygen supply chamber 65 to offset the
distortion of the transmissive member 12.

[0099]

<Embodiment 6>

As illustrated in FIG. 8A, when the center distance between two adjacent projection regions
expands, a gap is formed in the product projection image 30G, causing the resin material located
in the gap to not solidify. Therefore, in embodiment 6, the exposure image of the shaped product
is processed so that even when the center distance between two adjacent projection regions
expands, a gap is less likely to be formed in the product projection image 30G. When the exposure
image is divided for each projector 20, the image range and illuminance gradation of the boundary
region KR that spans the adjacent projection images TG of the shaped product 30 are adjusted.
[0100] The image processing in embodiment 6 is a process that deforms or adjusts the exposure
image itself so that even when there is a positional displacement of the image pattern at the
boundary of the adjacent projection images TG, the impact on the shaping quality of the shaped
product 30 is minimized. That is, an overlap region is provided to display the same image data on
both exposure images between the exposure images adjacent to the boundary region. Then, the
duty ratio of each pixel in the overlap region is set so that the illuminance difference between the
overlap region and the image adjacent to the overlap region is below a desired value.

[0101]

(Image Processing)

FIGS. 17A to 17C are descriptive diagrams of image processing of the exposure images of the
shaped product. FIG. 17A illustrates the exposure image of the shaped product, FIG. 17B
illustrates the exposure image of one projection region, and FIG. 17C illustrates the exposure
image of another projection region. In embodiment 6, the illuminance of a first exposure image
(G1) or the second exposure image (G2) corresponding to the boundary region KR is adjusted.
[0102] As illustrated in FIG. 17A, the product projection image 30G spans two projection regions
TR1 and TR2.

[0103] As illustrated in FIG. 8A, in embodiment 1, the product projection image 30G was formed
within the range of the projection image TG, and thus the gap of the projection image TG is the
gap of the product projection image 30G as-is. In contrast, in embodiment 6, as illustrated in FIG.
17B, the projection image G1 is given an illuminance gradation that overflows into the projection
image TG2 and decreases in a stepwise manner. Also, as illustrated in FIG. 17C, the projection
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image G2 is given an illuminance gradation that overflows into the projection image TG1 and
decreases in a stepwise manner.

[0104] As a result, the product projection image 30G located in the boundary region KR receives
exposure from both the projection images TG1 and TG2. This allows the center distance between
the adjacent projection regions TR1 and TR2 to expand, so that even when there is a gap between
the adjacent projection images TG1 and TG2, no gap occurs in the boundary region KR of the
product projection image 30G.

[0105] As illustrated in FIG. 2, the CPU 111 creates exposure images divided for each projector
20 by setting the exposure images of each layer of the shaped product 30. At this time, the CPU
111 extracts the shaping region of the shaped product 30 that spans adjacent exposure images and
sets the shaping region that overflows into the adjacent exposure images. Then, the illuminance
of the exposure image in the boundary region is set to gradually decrease within the range where
the adjacent projection regions TR overlap.

[0106]

<Embodiment 7>

When projecting individual exposure images RG, which are divided from the overall exposure
image by multiple projectors 20, a positional displacement of the image pattern may be detected
at the boundary of adjacent projection images TG. At this time, as described above, the positional
displacement of the image pattern may be caused by differences in magnification of the exposure
images and distortion of the projection images. Therefore, when the correction amount of the
image data of the exposure image RG is large in the three-dimensional shaping device 100, it is
desirable to perform calibration of the projection optical system 25. Embodiment 7 describes the
calibration of the three-dimensional shaping device 100.

[0107]

(Plane Position Adjustment Mechanism)

FIG. 18 is a descriptive diagram of calibration. As illustrated in FIG. 18, the camera 130 is
individually equipped with an XY stage 72 that has a locking mechanism. The control unit 110
controls the XY stage 72 to allow the imaging region of the camera 130 to be rotated and translated
within the X-Y plane. The projector 20 is individually equipped with an XY stage 74 that has a
locking mechanism. The control unit 110 controls the XY stage 74 to allow the imaging region of
the camera 130 to be rotated and translated within the X-Y plane. In calibration, the control unit
110 operates the XY stages 72 and 74 to adjust the positions of the camera 130 and projector 20
and then locks the XY stages 72 and 74. Calibration is performed through command operations
and the display of calibration results and images via an external computer 122. In response to
command operations, the control unit 110 automatically executes calibration and sends the
calibration results and images to the external computer 122.

[0108]

(Alignment Reference Plate)

FIGS. 19A and 19B are descriptive diagrams of the alignment reference plate. FIG. 19A illustrates
the positioning image, and FIG. 19B illustrates the alignment plate. In FIGS. 19A and 19B, the
planar arrangement of the four adjacent projectors 20 from FIG. 18 is schematically illustrated.
As illustrated in FIG. 18, calibration is performed by positioning the alignment reference plate 70
at the image formation position 28. By precisely positioning and fixing the alignment reference
plate 70 to the lifting member 13 and operating the lifting device 17, the reference plate 70 can
be reproducibly positioned at the image formation position 28 of multiple projection optical
systems 25. As illustrated in FIG. 19B, the alignment reference plate 70 is a jig used during
calibration. The lower surface of the alignment reference plate 70 is equipped with four indicators
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IM for each projector 20, and one indicator IC is formed for each camera 130.

[0109] As illustrated in FIG. 19A, the control unit 110 first adjusts the position of the camera 130
so that the indicator IC can be captured at the center of the captured image directly below the
corresponding indicator IC. The control unit 110 processes the captured image of the indicator IC
by the camera 130, and when there is a positional displacement or tilt between the center position
of the captured image and the indicator IC, determines that there is a positional displacement or
tilt of the camera 130 and corrects such using the XY stage 72.

[0110] The control unit 110 then operates the projector 20 to project the positioning image 1G
onto the alignment reference plate 70 using the projection optical system 25, as illustrated in FIG.
19A. The positioning image IG is a pattern for alignment projected onto the projection plane TM
that forms the shaping plane. The control unit 110 operates the camera 130 to capture the overlap
between the positioning image 1G and the indicators IM on the alignment reference plate 70. The
control unit 110 reads the position information of the positioning image IG included in the
imaging data of the camera 130 and the position information of the indicators IM on the alignment
reference plate 70, and calculates the necessary adjustment amount for the projector 20.

[0111] The control unit 110 processes the captured image to determine the positional displacement
amount and tilt amount between the positioning image IG and the indicators IM. Then, the XY
stage 74 1s operated to adjust the positional displacement amount and tilt amount, and to adjust
the magnification of the projector 20. The control unit 110 adjusts the position and magnification
of the projection optical system 25 so that the four positioning images IG for each projection
optical system 25 are aligned with the corresponding four indicators IM on the alignment
reference plate 70, and so that the positioning images IG of adjacent projectors 20 overlap each
other.

[0112] Note that calibration is preferably performed, from the perspective of workability and
mechanical adjustment accuracy, in a state where the resin material 10 is removed from the
container 11, as illustrated in FIG. 18. However, the captured image of the camera 130 does not
actually reflect the refractive index of the resin material 10, and thus it is necessary to perform
the final confirmation with the resin material 10 introduced into the container 11. Alternatively,
calibration may be performed by introducing a low-cost liquid that has the same refractive index
as the resin material 10 and is not photosensitive.

[0113]

<Embodiment 8>

In embodiment 5, as illustrated in FIGS. 16A and 16B, an oxygen supply chamber 65 is provided
on the lower surface of the transmissive member 12, and the gas pressure in the oxygen supply
chamber 65 is increased by the pressure adjustment device 63 to offset the deflection of the
transmissive member 12. In contrast, in embodiment 8, as illustrated in FIG. 20, a liquid tank 201
is provided on the lower surface of the transmissive member 12, and by filling the liquid tank 201
with an oxygen-dissolving liquid 202 to exert buoyancy, the deflection of the transmissive
member 12 is offset.

[0114]

(Liquid Tank)

FIG. 20 is a descriptive diagram of the liquid tank of embodiment 8. As illustrated in FIG. 20, the
transmissive member 12, which is one example of the first transmissive member, holds
photocuring liquid resin material and transmits the exposure image that solidifies the resin
material. The quartz glass plate 61, which is one example of the second transmissive member,
forms a space between itself and the transmissive member 12. The projector 20, which is one
example of image projection means, projects the exposure image into the resin material by
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transmitting through the quartz glass plate 61 and the transmissive member 12. The lifting device
17, which is one example of moving means, moves an unillustrated shaped layer formed by
solidifying the resin material due to the exposure image away from the transmissive member 12.
The transmissive member 12 is a membrane material made of a fluororesin that is permeable to
oxygen. The transmissive member 12 allows oxygen dissolved in the oxygen-dissolving liquid
202 to pass through to the resin material 10 side, forming an oxygen-rich liquid layer 31 at the
interface between the transmissive member 12 and the resin material 10.

[0115] As described above, in the three-dimensional shaping device 100, when there is deflection
in the transmissive member 12, that itself becomes a factor for displacement of the projection
image (TG: FIG. 5), a factor for differences in magnification, and a factor for distortion of the
image itself. Therefore, when dealing with this by correction of the image of the exposure image
RG, the correction becomes complicated. Thus, in embodiment 8, a liquid tank 201 is provided
outside the container 11, and the space between the transmissive member 12 and the liquid tank
201 s filled with the oxygen-dissolving liquid 202 to reduce the deflection of the transmissive
member 12. In the space between the transmissive member 12 and the quartz glass plate 61, an
oxygen-dissolving liquid in which oxygen with a molar fraction of 0.001 or more is dissolved is
filled to ensure that there is no hindrance to the supply of oxygen to the transmissive member 12.
[0116] The container 11 is a resin tank (monomer material tank) of the three-dimensional shaping
device 100, which houses the monomer material on the projection plane (shaping plane). A
transmissive member 12 permeable to ultraviolet light for irradiating with ultraviolet light is
provided on the lower surface of the container 11. The liquid supply device 204 introduces the
oxygen-dissolving liquid 202 between the transmissive member 12 and the liquid tank 201,
applying pressure from below to the transmissive member 12 to prevent deflection of the
transmissive member 12. A liquid layer 31 of appropriate thickness is ensured between the
transmissive member 12 and the shaped product 30. During the shaping of the shaped product 30,
when moving the shaped product 30 away from the transmissive member 12, the oxygen-
dissolving liquid 202 in contact with the transmissive member 12 acts as a damper, resisting
upward deflection of the transmissive member 12.

[0117] A liquid supply device 204 adjusts the amount of liquid introduced to suppress the (gravity-
induced) deformation of the transmissive member 12 caused by introducing the resin material 10
into the container 11 by introducing the oxygen-dissolving liquid 202 into the liquid tank 201.
The liquid supply device 204, which is one example of liquid amount control means, controls the
amount of the oxygen-dissolving liquid 202, that is, the height of the liquid surface 203, so that
the projection plane of the transmissive member 12 remains flat.

[0118] Here, when specific gravities of the resin material 10 and the oxygen-dissolving liquid 202
are the same, simply adjusting the liquid surface 205 of the resin material 10 and the liquid surface
203 of the oxygen-dissolving liquid 202 to the same height makes the pressure applied to the
transmissive member 12 by the resin material 10 equal to the pressure applied to the transmissive
member 12 by the oxygen-dissolving liquid 202, preventing deflection of the transmissive
member 12. However, in reality, the specific gravities of the resin material 10 and the transmissive
member 12 and the oxygen-dissolving liquid 202 are different. Therefore, the control unit 110
detects the position of the surface of the transmissive member 12 using the distance sensor 66 and
adjusts the supply amount of the oxygen-dissolving liquid 202 according to the detected position
value, keeping the position of the surface of the transmissive member 12 within a desired range.

[0119] A distance sensor 66 projects a visible light marker into the resin material 10 and captures
the marker image formed by a refractive index difference at the interface between the resin
material 10 and the transmissive member 12. Also, by executing so-called autofocus control to
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adjust the focal length of the lens so that the marker image is focused on the imaging element of
the distance sensor 66, the distance to the marker image is measured. The control unit 110 operates
the liquid supply device 204 to match the distance to the marker image output by the distance
sensor 66 to a reference value while there is no deflection in the transmissive member 12. The
control unit 110 automatically controls the supply amount of the oxygen-dissolving liquid 202 to
the liquid tank 201 to offset the deflection of the transmissive member 12.

[0120] Alternatively, it is also possible to use a distance sensor of a type equipped with a light
source unit 67 and a detection unit 68 instead of the distance sensor 66. This type obtains position
information of the surface of the transmissive member 12 by detecting the position where the light
beam emitted from the light source unit 67 reflects on the surface of the transmissive member 12
and enters the detection unit 68.

[0121] It 1s also possible to provide an oxygen supply device 206 in the path that circulates the
oxygen-dissolving liquid 202 in the liquid supply device 204 to maintain the dissolved oxygen
concentration in the oxygen-dissolving liquid 202 in the liquid tank 201 at a predetermined
concentration. The oxygen supply device 206, which is one example of oxygen supply means,
supplies oxygen into the oxygen-dissolving liquid 202. The oxygen concentration sensor 207 and
the control unit 110, which are examples of measurement means, measure the oxygen
concentration in the oxygen-dissolving liquid 202. The control unit 110 and the oxygen supply
device 206, which are examples of adjustment means, operate the oxygen supply device 206 so
that the oxygen-dissolving liquid 202 maintains a predetermined oxygen concentration based on
the detection output of the oxygen concentration sensor 207. The oxygen supply device 206 may
be configured to provide oxygen from a gas atmosphere containing oxygen, such as the
atmosphere, to the oxygen-dissolving liquid 202 by providing an oxygen-permeable window
material such as fluororesin to part or all of the liquid supply device 204. The control unit 110
adjusts the oxygen supply amount via the oxygen supply device 206 so that the oxygen
concentration of the oxygen-dissolving liquid 202 measured by the oxygen concentration sensor
207 reaches a predetermined oxygen concentration.

[0122] A liquid capable of dissolving oxygen at a molar fraction of 0.001 or more, such as
perfluorocarbons, may be used as the oxygen-dissolving liquid 202. When the oxygen
concentration is less than a molar fraction of 0.001, it may not be possible to secure an effective
liquid layer 31, and there is a possibility that the resin material 10 will solidify on the surface of
the transmissive member 12. Preferred specific examples of the oxygen-dissolving liquid 202
include perfluorooctane, perfluorobutyl tetrahydrofuran, perfluoro-1-isopropoxyhexane,
perfluoro-1,4-diisopropoxybutane, and the like. Among these, perfluorobutyl
perfluorotetrahydrofuran is particularly preferred from the perspective of soluble oxygen
concentration.

[0123] In addition, to prevent attenuation of the light amount used for exposure, it is necessary to
use a substance having a high transmittance of light of the wavelength used for exposure in the
oxygen-dissolving liquid 202. In the example of FIG. 20, a UV-LED having a wavelength of 350
to 400 nm is used as the light source for exposure. Therefore, it is desirable to use a liquid material
for the oxygen-dissolving liquid 202 that has a light transmittance of 90% or more per cm for
wavelengths of 350 to 400 nm. It is also desirable for the oxygen-dissolving liquid 202 to be a
substance that has a light transmittance of 95% or more per cm for wavelengths of 350 to 400 nm.
Furthermore, it is even more desirable when the substance transmits more than 99% per cm.
[0124] To precisely control the deflection of the transmissive member 12, it is preferable that the
specific gravity of the oxygen-dissolving liquid 202 is equivalent to that of the resin material 10.
The specific gravity of the oxygen-dissolving liquid 202 is preferably within +80% of the specific
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gravity of the resin material 10. The specific gravity of the oxygen-dissolving liquid 202 is further
preferably within £20% of the specific gravity of the resin material 10, and particularly preferably
within +10%.

[0125] The control unit 110 controls the supply amount of the oxygen-dissolving liquid 202 to
the liquid tank 201 by the liquid supply device 204, and/or the height of the liquid surface 203,
according to the detected value of the surface position of the transmissive member 12. As a result,
the state where the transmissive member 12 is pushed back upward to a horizontal position,
offsetting the weight of the resin material 10, is maintained. The liquid supply device 204 can also
reduce the deflection of the transmissive member 12 above the shaped product (30: FIG. 2) during
shaping, keeping the transmissive member 12 in a substantially horizontal state. The control unit
110 controls the amount of oxygen that the oxygen supply device 206 dissolves in the oxygen-
dissolving liquid 202 so that the oxygen inhibition effect of curing of the resin material 10 by the
transmissive member 12 is appropriate.

[0126] In embodiment 8, the liquid amount of the oxygen-dissolving liquid 202 in the liquid tank
201 is adjusted to reduce the deflection of the transmissive member 12. However, as a
modification of embodiment 8, the liquid tank 201 may be a sealed structure, and the pressure of
the oxygen-dissolving liquid 202 may be adjusted to reduce the deflection of the transmissive
member 12. That is, the liquid supply device 204, which is one example of pressure control means,
controls the pressure of the oxygen-dissolving liquid 202 so that the projection plane of the
transmissive member 12 is kept flat.

[0127]

<Embodiment 9>

In embodiment 8, as illustrated in FIG. 20, an embodiment has been described in which the liquid
tank 201 is provided below the horizontal transmissive member 12 filled with the oxygen-
dissolving liquid 202. In contrast, in embodiment 9, as illustrated in FIG. 21, an embodiment is
described in which the liquid tank 201 is provided on the side of the vertical transmissive member
filled with the oxygen-dissolving liquid 202.

[0128]

(Liquid Tank)

FIG. 21 is a descriptive diagram of the liquid tank in embodiment 9. Embodiment 9 is configured
and controlled similarly to embodiment 8, except for the projection direction of the projection
image (TG: FIG. 5) with respect to the resin material 10 and the shaping direction of the shaped
product 30. Therefore, in FIG. 21, the components common to embodiment 8 are marked with the
same reference numerals as in FIG. 20, and duplicate description is omitted. In addition, in FIG.
21, the configuration, alignment mechanism, and the like of the projector 20 are omitted from
illustration.

[0129] As illustrated in FIG. 21, in the three-dimensional shaping device 100 of embodiment 3,
when there is deflection in the transmissive member 12, that itself becomes a factor for
displacement of the projection image (TG: FIG. 5), a factor for differences in magnification, and
a factor for distortion of the image itself. In addition, when the container 11 is enlarged to shape
large shaped products 30, the deflection of the transmissive member 12 increases. Additionally,
in embodiment 9, the transmissive member 12 is disposed on the side surface of the container 11,
and an exposure image is irradiated horizontally from the projector 20 to shape the shaped product
30 in the horizontal direction. When the transmissive member 12 is disposed on the side surface
of the container 11, pressure on the transmissive member 12 due to gravity when introducing the
resin material 10 into the container 11 becomes greater the lower the position of the transmissive
member 12. Therefore, the lower part of the transmissive member 12 experiences stronger
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pressure, causing it to bulge outward and resulting in greater deflection. At this time, the surface
shape of the transmissive member 12 deforms complexly, making it difficult to correct the shape
of the projection image during exposure. When dealing with this by correction of the image of the
exposure image RG, the correction of the image becomes complicated.

[0130] Thus, in embodiment 9, the liquid tank 201 is provided outside the transmissive member
12 of the container 11, between the transmissive member 12 and the liquid tank 201 is filled with
the oxygen-dissolving liquid 202. The oxygen-dissolving liquid 202 exerts greater pressure at
lower positions of the transmissive member 12, which can offset the pressure exerted by the resin
material 10 on the transmissive member 12, which is greater the lower the position of the
transmissive member 12. Additionally, by adjusting the liquid volume of the oxygen-dissolving
liquid 202, the deflection of the transmissive member 12 is reduced, ensuring an appropriate
thickness of the liquid layer 31 between the transmissive member 12 and the shaped product 30.

[0131] In embodiment 9, a transmissive member 12 permeable to ultraviolet light, for irradiating
ultraviolet light, is disposed on the side surface of the container 11. The projector 20 irradiates an
exposure image that solidifies the resin material 10 from the side of the transmissive member 12
into the resin material 10. Then, the lifting device 17 moves the shaped product 30 horizontally
to shape it.

[0132] In embodiment 9, the liquid tank 201 is provided outside the container 11, and the space
between the container 11 and the liquid tank 201 is filled with the oxygen-dissolving liquid 202.
A material having a low absorption rate for the wavelength of light used for exposure is used for
the quartz glass plate 61 and the oxygen-dissolving liquid 202. The oxygen-dissolving liquid 202
is preferably a material that transmits more than 90% of the light used for exposure. The oxygen-
dissolving liquid 202 applies pressure from the side to the transmissive member 12, offsetting the
horizontal deflection of the transmissive member 12 caused by the pressure of the resin material
10. Here, when the specific gravities of the resin material 10, the transmissive member 12, and
the oxygen-dissolving liquid 202 are the same, the pressure acting on both sides of the
transmissive member 12 is offset by adjusting the liquid surfaces 205 of the resin material 10 and
203 of the oxygen-dissolving liquid 202 to the same height. However, in reality, the specific
gravities of the resin material 10 and the transmissive member 12 and the oxygen-dissolving
liquid 202 are different.

[0133] Therefore, the control unit 110 adjusts the amount of liquid supplied by the liquid supply
device 204 to the liquid tank 201 to offset or suppress the deformation of the transmissive member
12 outward caused by the weight of the resin material 10 in the container 11, using the pressure
of the oxygen-dissolving liquid 202. Similarly to embodiment 8, the control unit 110 detects the
position of the surface of the transmissive member 12 from the outside of the liquid tank 201
using a distance sensor 66, and adjusts the supply amount of the oxygen-dissolving liquid 202
according to the detected position value. The control unit 110 controls the liquid supply device
204 according to the surface position of the transmissive member 12, adjusting the supply amount
of the oxygen-dissolving liquid 202 to the liquid tank 201 and/or the height of the liquid surface
203. This allows the pressure distribution in the depth direction exerted by the resin material 10
on the transmissive member 12 to be offset, pushing the transmissive member 12 back to a vertical
state and holding it there.

[0134] A distance sensor 66 projects a visible light marker into the resin material 10 and captures
the marker image formed by a refractive index difference at the interface between the resin
material 10 and the transmissive member 12. Also, so-called autofocus control to adjust the focal
length of the lens so that the marker image is focused on the imaging element of the distance
sensor 66 is executed to measure the distance to the marker image. The control unit 110 operates
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the liquid supply device 204 to match the detected distance to the indicator image to a
predetermined reference value. The control unit 110 automatically controls the supply amount of
the oxygen-dissolving liquid 202 to the liquid tank 201 to offset the vertical deflection distribution
of the transmissive member 12 and keep the transmissive member 12 in a substantially linear
shape. The deflection of the transmissive member 12 caused by the movement of the shaped
product 30 during shaping is also reduced by controlling the supply amount of the oxygen-
dissolving liquid 202 to the liquid tank 201 and/or the height of the liquid surface 203.

[0135] However, when the specific gravities of the resin material 10 and the oxygen-dissolving
liquid 202, which face each other, sandwiching the transmissive member 12, are different, the
pressure distribution that is placed on the transmissive member 12 in the depth direction of the
transmissive member 12 cannot be made uniform regardless of how the liquid amounts of both
are adjusted. Therefore, it is desirable that the specific gravities of the resin material 10 and the
oxygen-dissolving liquid 202 are substantially the same.

[0136] The oxygen supply device 206 dissolves a predetermined amount of oxygen in the oxygen-
dissolving liquid 202 supplied by the liquid supply device 204 to the liquid tank 201. The control
unit 110 controls the amount of oxygen that the oxygen supply device 206 dissolves in the oxygen-
dissolving liquid 202 so that the oxygen inhibition effect by the transmissive member 12 is
appropriate.

[0137] In embodiment 9, the liquid amount of the oxygen-dissolving liquid 202 in the liquid tank
201 is adjusted to reduce the deflection of the transmissive member 12. However, as a
modification of embodiment 9, the liquid tank 201 may be a sealed structure, and the pressure of
the oxygen-dissolving liquid 202 may be adjusted to reduce the deflection of the transmissive
member 12. That is, the liquid supply device 204, which is one example of pressure control means,
controls the pressure of the oxygen-dissolving liquid 202 so that the projection plane of the
transmissive member 12 is kept flat.

[0138]

<Other Embodiments>

FIGS. 22A and 22B are descriptive diagrams of other examples of camera arrangements. FIG. 23
is a descriptive diagram of another example of a light source. FIGS. 24A and 24B are descriptive
diagrams of other examples of shaping directions of the shaped product. FIG. 22A illustrates the
intermediate position of the projection optical system, and FIG. 22B illustrates the outer side of
the shaping region. FIG. 24A illustrates an embodiment that shapes downward, and FIG. 24B
illustrates an embodiment that shapes in the horizontal direction.

[0139] The three-dimensional shaping device of the present invention is not limited to the specific
configurations, component forms, properties of components, actual dimensions, and the like in
embodiments 1 to 6. This can also be implemented in another embodiment that replaces part or
all of the configurations of embodiments 1 to 6 with equivalent members.

[0140] In embodiment 1, as illustrated in FIG. 1, an embodiment has been described that enables
shaping of 500 mm % 500 mm using projectors 20 arranged in a 5%5 configuration. However,
embodiment 1 can be implemented in an embodiment using any number of projectors 20, such as
two, three, four, or the like. The projection surface area of the projectors per projector is not
limited to 100 mm % 100 mm. This may be 10 mm x 10 mm, 50 mm x 50 mm, or the like.
[0141] In embodiment 1, an embodiment has been described in which the exposure image is
projected into the resin material to create each layer. However, the invention that adjusts the
boundary regions of the divided exposure images can also be implemented in three-dimensional
shaping devices that perform exposure by scanning line images and in three-dimensional shaping
devices that draw images by scanning beam spots.
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[0142] As illustrated in FIG. 22A, the camera 130 may be positioned at the intermediate position
of the four projection optical systems 25. The camera 130 may be set to capture the corners of the
four projection images TG simultaneously, including an imaging area (image extraction region)
SR that contains the corners of the four projection images TG. That is, the arrangement of the
camera 130 is not limited to the intermediate position of the two projection optical systems 25.
[0143] As illustrated in FIG. 22B, the camera 130 may be disposed to capture an indicator image
LC projected outside the four corners of the 25 projection images TG. The shaping region formed
by the five projectors 20 in a 5x5 arrangement is the range defined by the outer contour of the
five projection images TG. The indicator image LC is outside such a shaping region, and the
projectors 20 at the four corners can project the indicator image within the range.

[0144] As illustrated in FIG. 2, the control unit 110 captures the overlap between the alignment
marks provided at four outer corners of the shaping region of the transmissive member 12 and the
indicator image LC using the four cameras 130 illustrated in FIG. 22B during the shaping of the
shaped product 30. It also monitors the reference position of the projection image TG in real time.
To obtain alignment information outside the shaping region, the camera 130 is provided at an
outer peripheral portion of the shaping region.

[0145] Alignment marks that protrude from the surface or light-shielding alignment marks may
also be used, as long as they are outside the shaping region of the transmissive member 12. The
irradiation of ultraviolet light will not cause curing of the resin that affects the shaping of the
shaped product 30, as long as it is outside the shaping region of the transmissive member 12.
Moreover, by using the ultraviolet light irradiation control in the image forming element 23, such
as irradiating ultraviolet light only when detecting the positioning mark or reducing the irradiation
amount, real-time monitoring of the alignment of the projection image is possible.

[0146] As illustrated in FIG. 23, a light source 21R that outputs visible light for alignment imaging
may be provided for the camera (130: FIG. 2). The visible light output from the light source 21R
may be superimposed on the ultraviolet light output from the light source 21 by a half mirror 2 1m.
As an alignment light source, a broadband light source such as a halogen lamp may be used,
selectively extracting the wavelength range favorable for alignment using a filter. HeNe laser light
sources, blue LEDs, and the like may also be used. However, when using illumination light of a
wavelength different from ultraviolet light, it is necessary to change aberration correction of the
optics of the camera 130 according to the wavelength of the illumination light used, in addition
to focus correction of the camera 130.

[0147] As illustrated in FIG. 24A, the shaped product 30 may be formed to grow downward. The
container 11B is filled with a photocuring liquid resin material 10. A transmissive member 12B
transmissive of ultraviolet light and permeable to oxygen is disposed in close contact with the
resin material 10. The projector 20 projects an exposure image onto the layer of resin material 10
adjacent to a lowering member 13B to cure. A lowering device 17B gradually lowers the lowering
member 13B in synchronization with switching of the exposure image in the projector 20, thereby
forming the shaped product 30.

[0148] As illustrated in FIG. 24B, the shaped product 30 may be formed to grow in the horizontal
direction. The container 11C is filled with a photocuring liquid resin material 10. A transmissive
member 12C transmissive of ultraviolet light and permeable to oxygen is disposed in close contact
with the resin material 10. The projector 20 projects an exposure image onto the layer of resin
material 10 adjacent to a moving member 13C to cure. A moving device 17C gradually moves the
moving member 13C in synchronization with the switching of the exposure image in the projector
20, thereby forming the shaped product 30.

[0149] In embodiments 1 to 6, a projector 20 that operates a mirror for each pixel to form an
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exposure image is employed. However, a liquid crystal projector using a liquid crystal shutter as
an image forming element may be employed to configure the three-dimensional shaping device.

[0150] In embodiments 1 to 6, the image forming element 23 is moved by deforming one pair (41,
42) and another pair (43, 44) of the actuators 41 to 44 disposed sandwiching the image forming
element 23 in opposite directions. However, the other pair (43, 44) of the actuators 41 to 44 may
be replaced with spring members, and the one pair (41, 42) may be configured to expand and
contract against a biasing force of the spring members.

[0151] In embodiment 1, alignment of the projection image TG adjacent in the boundary region
KR is achieved by the mechanical movement of the image forming element 23, and in
embodiment 2, alignment of the projection image TG adjacent in the boundary region KR is
executed by data processing of the adjacent exposure images. However, alignment of the
projection image TG adjacent in the boundary region KR may also be executed by combining the
mechanical movement of the image forming element 23 and data processing of the exposure
images.

[0152] In embodiment 2, the image data of the exposure image is processed to move the entire
projection image TG within the projection region TR. However, the image data of the exposure
image may be locally deformed to perform correction. It is also possible to adopt image processing
that assigns illuminance gradation to the pixels of the exposure image corresponding to the gaps
detected in the captured image or smooths out differences detected in the captured image.

[0153] The present invention can also be realized by supplying a program that achieves one or
more functions of the embodiments described above to a system or device via a network or storage
medium and reading and executing the program by one or more processors in a computer of that
system or device. This can also be realized by a circuit that achieves one or more functions (for
example, an ASIC).

[0154] This application claims priority from Japanese Patent Application No. 2016-046345 filed
on March 9, 2016 and Japanese Patent Application No. 2017-016261 filed on January 31, 2017,
and the contents thereof are incorporated as part of this application by reference.

Description of Reference Numerals

[0155] 10: Resin material, 11: container, 1la: opening, 12: transmissive member (first
transmissive member), 12a: incident surface, 13: lifting member (moving means), 17: lifting
device (moving means), 20: projector (image projection means), 21: light source, 22: image
forming unit, 23: image forming element, 25: projection optical system, 26: mirror, 28: image
formation position, 30: shaped product, 31: liquid layer (reaction regulation layer), 40: image
display unit, 41 to 48: actuators, 51 to 53: actuators, 61: quartz glass plate (second transmissive
member), 63: pressure adjustment device, 65: oxygen supply chamber (space), 70: alignment
reference plate, 72, 74: XY stage (position adjustment means), 110: control unit (control means),
111: CPU, 112: RAM, 113: ROM, 120: external computer, 121: display unit, 122: recording
medium, 130: camera (imaging means), 201: liquid tank, 202: oxygen-dissolving liquid, 203:
liquid surface, 204: liquid supply device (pressure control means, liquid amount control means),
205: liquid surface, 206: oxygen supply device (oxygen supply means), 207: oxygen
concentration sensor (detection means), RG: exposure image, TG: projection image, TM:
projection plane, TR: projection region
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Scope of Patent Claims

[Claim 1] A three-dimensional shaping device, comprising

a container holding a photocuring liquid resin material and having an incident surface on
which incident exposure images that solidify the resin material are caused to be incident, first
image projection means for projecting a first exposure image into the resin material from the
incident surface,

second image projection means for projecting a second exposure image continuous with
the first exposure image into the resin material from the incident surface,

moving means for moving a shaped layer formed by solidifying the resin material with
the first exposure image and the second exposure image away from the incident surface, and

control means for adjusting a boundary region between the first projection image formed
by projecting the first exposure image into the resin material via the first image projection means
and the second projection image formed by projecting the second exposure image into the resin
material via the second image projection means.
[Claim 2] The three-dimensional shaping device according to claim 1, further comprising

imaging means for imaging the boundary region from outside of the container, wherein
the control means adjust the boundary region based on a captured image of the boundary region
by the imaging means.
[Claim 3] The three-dimensional shaping device according to claim 2, wherein the control means
adjust the first exposure image or the second exposure image corresponding to the boundary
region.
[Claim 4] The three-dimensional shaping device according to claim 3, wherein the control means
measure a position of an image pattern included in the first projection image on the projection
plane of the first projection image and change image data of the image pattern to cause the
measured position of the image pattern to match a designed position of the image pattern.
[Claim 5] The three-dimensional shaping device according to claim 3, wherein the control means
create image data of the first exposure image so that an image pattern continuous with the second
projection image overlaps an image pattern of the second projection image in the boundary region
of the first projection image.
[Claim 6] The three-dimensional shaping device according to claim 3, wherein the control means
change image data of the first exposure image so that an illuminance of an image pattern
continuous with the second projection image is equal to an illuminance of an image pattern of the
second projection image in the boundary region of the first projection image.
[Claim 7] The three-dimensional shaping device according to claim 3, wherein the control means
adjust an illuminance of the first exposure image or the second exposure image corresponding to
the boundary region.
[Claim 8] The three-dimensional shaping device according to claim 7, wherein the control means
change image data of the first exposure image so that an illuminance of an image pattern in the
first projection image becomes equal.
[Claim 9] The three-dimensional shaping device according to claim 8, wherein the control means
change the image data of the first projection image or the second exposure image so that the
illuminance of the image pattern in the first projection image is equal to an illuminance of an
image pattern in the second projection image.
[Claim 10] The three-dimensional shaping device according to claim 2, wherein the image
projection means include illumination means, an image forming element that forms the exposure
image illuminated by the illumination means, a projection optical system that projects the
exposure image formed by the image forming element through the incident surface into the resin
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material, and adjustment means capable of adjusting a position of the image forming element in
a plane that intersects a projection optical axis of the exposure image, and

the control means adjust the boundary region by controlling the adjustment means.
[Claim 11] The three-dimensional shaping device according to claim 2, wherein the image
projection means include illumination means, an image forming element that forms the exposure
image illuminated by the illumination means, a projection optical system that projects the
exposure image formed by the image forming element through the incident surface into the resin
material, and adjustment means capable of adjusting a tilt of the image forming element relative
to a projection optical axis of the exposure image, and

the control means adjust the boundary region by controlling the adjustment means.
[Claim 12] The three-dimensional shaping device according to claim 2, further comprising

position adjustment means to which an alignment reference plate in which an indicator
is formed can be mounted so that the first image projection means project a positioning image
onto the indicator, and which are capable of adjusting a position of the first image projection
means to move the positioning image projected by the first image projection means on the
reference plate, wherein

the control means use the imaging means to image an overlap between the indicator and
the positioning image projected by the first image projection means, and control the position
adjustment means based on the captured image of the overlap.
[Claim 13] The three-dimensional shaping device according to claim 2, wherein

the image projection means include illumination means, an image forming element that
forms the exposure image illuminated by the illumination means, a projection optical system that
projects the exposure image formed by the image forming element through the incident surface
into the resin material, and adjustment means capable of adjusting an output of the illumination
means, and the control means adjust the boundary region by controlling the adjustment means.
[Claim 14] A three-dimensional shaping device, comprising

a container holding a photocuring liquid resin material and having an incident surface on
which incident exposure images that solidify the resin material are caused to be incident,
illumination means,

an image forming element that forms the exposure image illuminated by the illumination
means,

a projection optical system that projects the exposure image formed by the image forming
element through the incident surface into the resin material,

moving means for moving a shaped layer formed by solidifying the resin material with
the exposure image away from the incident surface, and

adjustment means capable of adjusting a position of the image forming element in a plane
that intersects a projection optical axis of the exposure image.
[Claim 15] A three-dimensional shaping device, comprising

a container holding a photocuring liquid resin material and having an incident surface on
which incident exposure images that solidify the resin material are caused to be incident,
illumination means,

an image forming element that forms the exposure image illuminated by the illumination
means,

a projection optical system that projects the exposure image formed by the image forming
element through the incident surface into the resin material,

moving means for moving a shaped layer formed by solidifying the resin material with
the exposure image away from the incident surface, and
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adjustment means capable of adjusting a tilt of the image forming element relative to a
projection optical axis of the exposure image.
[Claim 16] A three-dimensional shaping device, comprising

a first transmissive member for holding a photocuring liquid resin material and
transmitting an exposure image for solidifying the resin material so as to cause such to become
incident in the resin material,

a second transmissive member for forming a space between itself and the first
transmissive member,

image projection means for transmitting the exposure image through the second
transmissive member and the first transmissive member so as to project such into the resin
material, and

moving means for moving a shaped layer formed by solidifying the resin material away
from the first transmissive member, wherein

the first transmissive member is permeable to oxygen, and the space between the first
transmissive member and the second transmissive member is filled with a gas containing oxygen,
at a pressure higher than atmospheric pressure.
[Claim 17] A three-dimensional shaping device, comprising

a first transmissive member for holding a photocuring liquid resin material and
transmitting an exposure image for solidifying the resin material so as to cause such to become
incident in the resin material,

a second transmissive member for forming a space between itself and the first
transmissive member,

image projection means for transmitting the exposure image through the second
transmissive member and the first transmissive member so as to project such into the resin
material, and

moving means for moving a shaped layer formed by solidifying the resin material away
from the first transmissive member, wherein

the first transmissive member is permeable to oxygen, and

the space between the first transmissive member and the second transmissive member is
filled with an oxygen-dissolving liquid containing oxygen at a molar fraction of 0.001 or more.
[Claim 18] The three-dimensional shaping device according to claim 16 or 17, wherein the first
transmissive member is a fluororesin.
[Claim 19] The three-dimensional shaping device according to claim 17, further comprising
pressure control means for controlling a pressure of the oxygen-dissolving liquid so that the
projection plane of the first transmissive member is kept flat.
[Claim 20] The three-dimensional shaping device according to claim 17, further comprising liquid
amount control means for controlling a liquid amount of the oxygen-dissolving liquid so that the
projection plane of the first transmissive member is kept flat.
[Claim 21] The three-dimensional shaping device according to claim 17, wherein the oxygen-
dissolving liquid is a perfluorocarbon.
[Claim 22] The three-dimensional shaping device according to claim 17, wherein the oxygen-
dissolving liquid contains at least one selected from perfluorooctane, perfluorobutyl
tetrahydrofuran, perfluoro-1-isopropoxyhexane, and perfluoro-1,4-diisopropoxybutane.
[Claim 23] The three-dimensional shaping device according to claim 17, further comprising
oxygen

supply means for supplying oxygen into the oxygen-dissolving liquid,

measuring means for measuring an oxygen concentration in the oxygen-dissolving liquid,
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and

adjustment means for adjusting the oxygen concentration in the oxygen-dissolving liquid.
[Claim 24] A method for producing a three-dimensional shaped object in the three-dimensional
shaping device according to any one of claims 2 to 13, the method comprising

an imaging step for using the imaging means to image the boundary region during the
shaping of the three-dimensional shaped object and

an adjusting step for adjusting the boundary region during the shaping of the three-
dimensional shaped object.
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