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(57) ABSTRACT 

A three-dimensional laminated product forming apparatus 
and method for forming a three-dimensional laminated 
product from a photo-curable liquid by progressively Super 
posing Solid laminae one on top of another by photo-curing 
a Surface layer of the photo-curable liquid and converting it 
to a Solid lamina. A product table is provided on which a 
three-dimensional Solid product is built up in progressive 
StepS and which is incrementally advanced into the photo 
curable liquid by a Specified depth each Step. A liquid 
Surface leveling device works as a capillary to draw up a 
photo-curable liquid by capillary action while it is in contact 
with the Surface of the photo-curable liquid contained in the 
container. The device is moved over the Surface of the 
photo-curable liquid to apply the collected photo-curable 
liquid over a three-dimensional laminated product being 
partly built up on a product table to form a uniform thickneSS 
of a Surface layer of the photo-curable liquid with a Surface 
leveled and Smoothed over the three-dimensional laminated 
product being partly built up. An irradiating head forms a 
beam spot of reactive Stimulation on the Surface to cure the 
Surface layer and convert it to a Solid lamina on the three 
dimensional laminated product being partly built up as the 
three-dimensional laminated product. 
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FIG. 2A 
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FIG. 4A 
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METHOD AND APPARATUS FOR FORMING 
THREE-DIMENSIONAL LAMINATED PRODUCT 

FROM PHOTO-CURABLE LIQUID 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to a method and an 
apparatus for forming a three-dimensional laminated prod 
uct, Such as, a model or core useful for investment casting 
of an intended ornamental jewelry craft product. 
0003 2. Description of the Related Art 
0004. In recent years, it has been known to form a 
three-dimensional product by Successively Superposing a 
number of photo-cured laminae of Stratified croSS Sections of 
the three-dimensional product one on the top of another. 
Specifically, a photo-cured lamina is formed on previously 
photo-cured laminae by Scanning and curing a specified 
thickness of Surface layer of a photo-curable liquid by laser 
energy, building up the three-dimensional product. One of 
Such methods and apparatus for forming three-dimensional 
products from a photo-curable liquid is known from, for 
instance, Japanese Unexamined Patent Publication No. 
56-144478. 

0005. In order to introduce a fresh liquid of a quantity 
necessary to provide a specified thickness of Surface layer of 
the photo-curable liquid, which will to be formed as a 
photo-cured lamina on the previously Superposed photo 
cured laminae, the under-building product needs to be 
moved precisely by a distance equal to the Specified thick 
neSS in progreSS Steps away from the working Surface level 
of the photo-curable liquid at which a Surface layer of the 
fresh liquid is irradiated with laser energy. In practice this 
has proven difficult. For example, for forming the Surface 
layer of the photo-curable liquid with a precisely controlled 
thickness, as described in, for instance, European Patent 
Specifications EP.0171069B1 and EP 0535720B1, the 
under-building product is initially moved down away from 
the Specified working Surface to a level beyond the Specified 
working Surface level, and then, moved back to the Specified 
working Surface level in order to accomplish each Stepwise 
adjustment during the process of making the article being 
built. Alternatively, as described in, for instance, Japanese 
patents Nos. 26195445 and 2715649, a fresh liquid spray 
mechanism is provided to Spray a fresh liquid So as to form 
a precise thickness of Surface layer of a photo-curable liquid 
on an under-building product after moving down the under 
building product away from the Specified working Surface 
by a distance equal to the Specified thickness. 

0006 While employing an initial increment of movement 
of the last formed lamina away from the Specified working 
Surface to a level beyond the Specified working Surface level 
enables the apparatus for building a three-dimensional prod 
uct by photo-curing to be simple in construction and mecha 
nism and compact in overall size, however, it causes a 
Somewhat tangled problem of Spending a long time before 
completely building a three-dimensional product. That is, 
the photo-curable liquid is governed in fluidity by its rela 
tively high Viscosity and Surface tension, and therefore, a 
relatively long time is required to introduce a precisely 
controlled quantity of the fresh liquid for providing a 
Specified thickness of Surface layer of the photo-curable 
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liquid for the next processing Step. In addition to a long time 
that is spent before introduction of a precisely controlled 
quantity of the fresh liquid, a time is required to move back 
the working Surface to the Specified working Surface level 
after the introduction of a precisely controlled quantity of 
the fresh liquid. Further, application of laser energy onto a 
Surface layer of the photo-curable liquid must wait for a time 
until the Surface layer is entirely leveled. In consequence, a 
long working time is necessary to complete a single photo 
cured lamina, which causes a rise in manufacturing costs. 
Since the photo-curable liquid transforms from a fluid to a 
Solid by means of photochemical reaction, Such as, a radical 
reaction and a cationic reaction, the photo-curable liquid 
itself has a Somewhat restricted effective life, which causes 
a large quantity of photo-curable liquid of no direct use, and 
hence leads to a rise in manufacturing costs. 
0007 On the other hand, while spraying a fresh liquid by 
means of the fresh liquid spray mechanism to form a precise 
thickness of Surface layer of a photo-curable liquid on an 
under-building product reduces a time required to introduce 
a precisely controlled quantity of the fresh liquid and level 
a Surface layer, and realizes miniaturization of a fluid 
container in which the photo-curable liquid is accommo 
dated, the fresh liquid Spray mechanism has to be equipped 
not only with various associated parts Such as a nozzle, mesh 
Screen, a rotary shaft, a brush and a water wheel which 
makes the apparatus bulky, but also a Secondary fluid 
container in which a photo-curable liquid to be sprayed must 
be provided. Further, there is the necessity of installing a 
Surface level adjusting mechanism for adjusting a level of 
the Surface layer after Spraying a fresh liquid. Such a Surface 
level adjusting mechanism is complicated in Structure and 
expensive, which leads to a rise in manufacturing costs. 

SUMMARY OF THE INVENTION 

0008. It is a primary object of the invention to provide a 
method an apparatus for forming a three-dimensional lami 
nated product from a photo-curable liquid by Step-wise 
photo-curing of laminae. 

0009. Another object of the invention is to provide a 
three-dimensional laminated product forming apparatus 
equipped with a liquid Surface leveling device working as a 
capillary which draws up a reserve of photo-curable liquid 
therein and applies it over a laminated product that is being 
built up So as to form a uniform thickness of a Surface layer 
of the photo-curable liquid with a working Surface leveled 
and Smoothed. 

0010. The foregoing objects are accomplished by provid 
ing a three-dimensional laminated product forming method 
and apparatus for forming a three-dimensional laminated 
product from a photo-curable liquid by progressively Super 
posing Solid laminae having a specified thickness, one on top 
of another, each Solid lamina being provided by photo 
curing a Surface layer of the photo-curable liquid and 
converting it to a Solid lamina. The three-dimensional lami 
nated product forming apparatus comprises a product table 
on which a three-dimensional Solid product is built up in 
progressive Steps, said product table being Sunken in a 
reservoir of photo-curable liquid by a distance equal to the 
Specified thickness of the Solid lamina in each Said Step; and 
a liquid Surface leveling device which works with a capillary 
effect to collect or draw up a reserve of photo-curable liquid 
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while it is in contact with the surface of the photo-curable 
liquid contained in a container which is placed on a con 
tainer table. The leveling device is moved over the surface 
of the photo-curable liquid to apply the collected photo 
curable liquid over a three-dimensional laminated product, 
that has been partly built up on a product table and Stepped 
down for the next lamina, So as to form a uniform thickneSS 
of a Surface layer of the photo-curable liquid with a Surface 
leveled and Smoothed over the three-dimensional laminated 
product that has been partly built up. An irradiating head 
forms a beam spot of reactive stimulation (ultraviolet 
energy) on the Smoothed and leveled Surface layer of the 
photo-curable liquid So as thereby to cure the Surface layer, 
and convert it to a Solid lamina Superposing on the three 
dimensional laminated product that is partly built up as the 
three-dimensional laminated product. 
0011. According to the three-dimensional Solid product 
forming apparatus and method, it is enabled to form a 
Specified thickness of a Surface layer of a photo-curable 
liquid over a three-dimensional product having been partly 
building up. The Surface layer leveling device comprises a 
pair of Surface leveling blades having an entrance that is Set 
for a predetermined opening So that it is arranged as to work 
as a capillary. The Structure is simple and the driving 
mechanism for it is also simple and inexpensive. As a result, 
the three-dimensional Solid product forming apparatus is 
made Small in overall size, operates quickly and is provided 
at low cost. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012. The foregoing and other objects and features of the 
invention will be made clear when reading the following 
description in accordance with a preferred embodiment 
thereof in conjunction with the accompanying drawings in 
which: 

0013 FIG. 1 is a side view partly broken away of a 
three-dimensional laminated product forming apparatus in 
accordance with a preferred embodiment of the invention; 
0.014 FIG. 2A is a front view of a liquid surface layer 
leveling unit that is installed in the three-dimensional lami 
nated product forming apparatus shown in FIG. 1; 
0015 FIG. 2B is a side view of the liquid surface layer 
leveling unit that is installed in the three-dimensional lami 
nated product forming apparatus shown in FIG. 1; 
0016 FIG. 3 is a side view of a liquid surface leveling 
device of the liquid Surface layer leveling unit shown in 
FIGS. 2A and 2B; 
0017 FIGS. 4A, 4B and 4C are front, top and cross 
Sectional views of a ring model designed by CAD, respec 
tively; 

0018 FIGS. 5A and 5B are explanatory top and cross 
Sectional views of part of a three-dimensional laminated 
product that is being built up by photo-curing, and 
0.019 FIGS. 6A-6C are side schematic views showing 
various variants of the liquid Surface leveling device shown 
in FIG. 3. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

0020 Referring to the drawings in detail, in particular, to 
FIG. 1 which shows a computer controlled laminate mold 
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ing apparatus 100 specialized for forming a three-dimen 
Sional laminated product, Such as, a prototype of jewelry 
rings, from a photo-curable liquid by photo-curing. The 
computer controlled laminate molding apparatus 100 has a 
housing 2 provided with a Stationary bottom platform 4 on 
which a laminated three-dimensional product building unit 
200A is installed, and a stationary top platform 6 to which 
a photo-curing unit 200B is installed, both platforms being 
fixedly mounted to the housing 2. The laminated product 
building unit 200A includes a movable container table 22 on 
which a container 26 filled with a photo-curable liquid PCL, 
Such as, a photo-curable resin, is placed, a movable product 
table 24 on which a three-dimensional laminated product is 
built up from the photo-curable liquid PCL in the container 
26, and a liquid surface layer leveling unit 28 which is 
detachably mounted on the movable container table 22. The 
movable container table 22 is guided on a guide post 22b 
fixedly Supported on the Stationary platform 4 and moved up 
and down in a vertical direction by a vertical position control 
mechanism 22a to adjust a vertical position of the container 
26, and hence, in particular, a vertical position of the top 
surface of the photo-curable liquid PCL in the container 26, 
when required. The movable product table 24 is guided on 
guide post 24b and moved down by a vertical position shift 
mechanism 24a So as to shift a working Surface of the top 
photo-cured laminae in Vertical position. The term “working 
Surface' used herein shall mean and refer to the Surface of 
liquid at which a spot of reactive Stimulation is focused on 
the photo-curable liquid to cure the photo-curable liquid and 
convert it to a Solid material. The working Surface is adjusted 
incrementally at a specified level by shifting down the 
movable product table 24 in steps by a vertical distance of 
preferably from approximately 30 to approximately 70 
microns, that is, Substantially equal to a predetermined 
thickness of Surface layer of the photo-curable liquid is to be 
cured and converted to a Solid lamina over a Solid body 
consisting of photo-cured laminae that form part of a desired 
final three-dimensional laminated product. The liquid Sur 
face layer leveling unit 28, which will be described in detail 
later in connection with FIG. 2, develops and forms pre 
cisely the Specified thickness of Surface layer of the photo 
curable liquid over the Solid body consisting of photo-cured 
laminae that form part of the desired three-dimensional 
laminated product that is being built up from the photo 
curable liquid PCL. 
0021. The photo-curable resin employed as the photo 
curable liquid PCL in the preferred embodiment of the 
invention has a composition Such that it can be cured by 
ultraviolet energy of less than 400 nm wave length. Many 
Such compositions are known to those skilled in the art, and 
the composition may consist, for example, of acrylate resins 
and/or epoxy resins. For purposes of the present invention, 
the photo-curable liquid PCL needs to have a Specific gravity 
of about 1.2, a viscosity of about 1.4 Pa-S and a molecular 
weight of from about 200 to about 700. The composition 
may also include a hardener and/or a photo-curing initiator, 
as are known, and is of generally low Viscosity and a 
relatively high shrinkage rate. 
0022. The photo-curing unit 200B includes a beam irra 
diation focussing head 32 for applying a Spot of reactive 
Stimulation, Such as, an He-Cd laser having a wavelength 
of 320 nm, to the photo-curable liquid PCL at a specified 
working Surface, an X-Y position control mechanism Such 
as an X-Y digital plotter 34 that moves the beam irradiation 
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head 32 in two horizontal directions interSecting each other, 
and a laser light Source 36. In the preferred embodiment, a 
multiple mode type of laser is used that has a wavelength of 
325 nm and generates 5 to 10 mW output. In the case where 
a three-dimensional laminated product has a minute shape, 
it is preferable to employ a Single mode type of laser having 
3 to 10 mW output which is easily focused since it does not 
encounter waveform disorder. Laser rays generated by the 
light Source 36 are transmitted to the beam irradiation head 
32 by way of light guide means 38 and focused as a beam 
spot on the photo-curable photo medium PCL at the working 
Surface. In order to transmit the laser rays with a high 
efficiency, and in a high level of Safety, the light guide device 
employs a step-index type of optical fiber 38a and a flexible 
metal tube 38b in which the optical fiber 38a is protected. 
Because the Step indeX type of optical fiber has apprehen 
Sions of causing waveform disorder due to repeated internal 
refraction of laser rays in the optical fiber and causing 
diffusion of laser rays after an exit end of the optical fiber, 
in the case of a minutely shaped three-dimensional lami 
nated product, a Single Step indeX type of optical fiber, or 
otherwise a grated indeX type of optical fiber, may be 
preferably employed. In order to apply photo-curing laser 
energy generated by the laser Source 36 onto a Surface layer 
of the photo-curable liquid PCL, the light source 36 is 
provided with a plurality of high Speed mechanical shutters 
(not shown) which are controlled in operation by actuators 
So as to admit laser energy to enter the optical fiber and shut 
off it from entering the optical fiber. In order to provide a 
laser beam of Sufficient Strength for curing a Surface layer of 
the photo-curing liquid, the beam irradiation head 32 is 
provided with a focusing lens (not shown) operative to form 
a specified diameter of laser beam spot on the Surface layer 
of the photo-curable liquid. The laser beam spot has a 
diameter of approximately 80 microns and a radiation 
strength of approximately 200W/cm at the working surface 
which is Sufficient to cure a predetermined thickness of 
surface layer of the photo-curable liquid PCL. The working 
Surface level is monitored by means or Surface level Sensor 
30. Accordingly, the working Surface level the working 
surface of the photo-curable liquid PCL is adjusted at a 
specified level with respect to the beam irradiation head 32 
by moving up or down the movable container table 22. 
0023 Referring to FIGS. 2A and 2B, the surface layer 
leveling unit 28 includes a liquid surface leveling device 50 
that is driven in a direction X or the reverse direction Y by 
means of a drive mechanism 60 to level the surface layer of 
the photo-curable liquid PCL, as will be described in detail 
later. The liquid surface leveling device 50 comprises a pair 
of leveling blades 52 and an attachment 54 to which the 
leveling blades 52 are detachably Secured at opposite sides 
by set screws 54a. The attachment 54 is an integral part of 
a blade mount beam 56. The drive mechanism 60 includes 
a pair of movable blade supports 62 on which the blade 
mount beam 56 is supported. Each blade support 62 com 
prises a base block 64 to which a pair of L-shaped Support 
members 66 are secured by set screws 66a so as to form a 
space 66b therebetween for receiving the blade mount beam 
56. The blade support 62 is provided with a blade adjustment 
screw 65 for adjusting a vertical level of the leveling blades 
52 with respect to the working surface of the photo-curable 
liquid PCL. The base block 64 at its lower portion is 
provided with a guide slider 68 which slides on a guide rail 
70 secured to an upright side wall 72 detachably secured to 
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the container table 22. The blade support 62 is integrally 
formed with an arm 63 extending inwardly from the base 
block 64. The drive mechanism 60 further includes a revers 
ible motor 80 secured to the container table 22. As shown in 
FIG. 2B, the upright side walls 72 at their opposite end 
portions support a drive shaft 82a and an idle shaft 82b. The 
motor 80 is connected to the drive shaft 82a by a belt 80a 
to transmit rotation of the motor 80 to the drive shaft 82a. 
Two timing belt 84 are mounted between the drive shaft 82a 
and the idle shaft 82b with appropriate tension. The arms 63 
of the blade supports 62 are secured to the timing belts 84, 
respectively. When the motor 80 is actuated to rotate in an 
counterclockwise direction as viewed in FIG. 2B, the blade 
supports 62 with the liquid surface leveling device 50 
Supported thereby are moved in a direction X along the 
guide rail 70. On the other hand, when the motor 80 is 
reversed to rotate in a clockwise direction as viewed in FIG. 
2B, the blade supports 62 with the liquid surface leveling 
device 50 supported thereby are moved back in a reverse 
direction Y along the guide rail 70. 
0024. The drive mechanism 60 further includes position 
limiting means 90 comprising a leg member 90a secured to 
the base block 64 of the blade Support 62, a stationary limit 
sensor 90b secured to a guide rail 90d that is installed to the 
upright side wall 72, and a movable limit sensor 90c 
mounted on the guide rail 90d for slide movement. Each of 
the limit sensors 90b and 90c is operative to stop the motor 
80 when detecting the leg member 90a. By sliding the 
movable limit sensor 90c, the extent of movement of the 
Surface layer leveling unit 28 is regulated. 
0025 FIG.3 shows the liquid surface leveling device 50 
in detail by way of example. The liquid Surface leveling 
device 50 includes a pair of the leveling blades 52 which are 
secured to the attachment 54 by the set screws 54a and 
Separated at their distal edges by a separation of, for 
example, preferably approximately one (1) mm from each 
other so as to form therebetween a narrow 1 mm space 51a 
that provides the leveling blades 52 with a capillary action. 
When the liquid surface leveling device 50 is moved down 
until the leveling blades 52 at their lower distal edges are 
brought into contact with the Surface of the photo-curable 
liquid PCL, the leveling blades 52, because of their spacing 
and construction, work as a capillary to draw up the photo 
curable liquid PCL into the space 51a by the aid of surface 
tension of the photo-curable liquid PCL to establish a small 
reservoir of PCL liquid above the gap 51a, as shown in FIG. 
3. Since when the product table 24 is stepped down below 
the photo-curable liquid by a distance equal to the Specified 
thickness of one cross-sectional Stratum of the three-dimen 
Sional Solid product, the Surface of the photo-curable liquid 
does not always flow and cover evenly over the three 
dimensional laminated product that is being built up due to 
the Surface tension, liquidity and Viscosity of the photo 
curable liquid. Consequently, when the liquid Surface lev 
eling device 50 moves in one of the directions X and Y with 
the leveling blades 52 at their lower distal edges remaining 
in contact with the liquid Surface, the collected reserve of 
photo-curable liquid is drawn and flows out from the Space 
51a between the leveling blades 52 to flow and cover over 
the three-dimensional laminated product LP, thereby imme 
diately forming a Surface layer of the photo-cured liquid 
having the Specified thickness ready for photo-curing. While 
the liquid surface leveling device 50 moves, the leveling 
blades 52 at their lower distal edges smooths and levels the 
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Surface of the photo-curable liquid to form a uniform 
thickness of a Surface layer over the three-dimensional 
laminated product, So as to enable immediate cure of the 
Surface layer and conversion to a Solid lamina having the 
Specified thickness. 

0026. The three-dimensional Solid product building unit 
200A and photo-curing unit 200B are numerically controlled 
in operation in accordance with three-dimensional data of a 
design of a three-dimensional Solid product provided by the 
aid of a computer system 300. Such systems are well known 
to those skilled in the art. 

0027. The following description will be directed to the 
process of producing a three-dimensional Solid product 
which is formed by the method and apparatus of the inven 
tion and used as a model for producing a mold for casting 
rings by way of example. 

0028 Referring to FIGS. 4A-4C which are side, plane 
and cross-sectional views of a model M that is three 
dimensionally designed by the computer system 300 by the 
use of a known modeling program, CAD data is translated 
into CAM data which is three-dimensional numerical data of 
specified angular positions of points (P1, P2, ... Px) of inner 
and outer contours Ma and Mb for a number of cross 
Sectional strata of the model M. 

0029. As shown in FIG. 5A and 5B, when the three 
dimensional Solid product producing process is started 
according to the CAM data, the movable table 24 is moved 
down until it sinks into the photo-curable liquid PCL away 
from the working surface WS by a distance which is equal 
to the Specified thickness of cross-sectional Strata of the 
model T, and then the movable container table 22 is moved 
up or down according to a signal provided by the Surface 
level sensor 30 so as to position the working surface WS of 
the photo-curable liquid PCL at the specified level with 
respect to the beam irradiation head 32 and Subsequently, the 
liquid Surface leveling unit 28 is moved over the working 
surface WS of the photo-curable liquid PCL to form a 
Surface layer and Smooth over the Surface layer. Subse 
quently, the X-Y digital plotter 34 is controlled by the 
computer 300 to move the beam irradiation head 32 accord 
ing to the CAM data. Immediately when the X-Y digital 
plotter 34 moves to locate the beam spot BS in a position 
P(1)1 on the working surface WS, the shutter is opened. 
Thereafter, the X-Y plotter 34 moves linearly to pass 
through positions P(1)2 . . . P(1)X at a constant speed 
between approximately 300 mm/min and 1,000 mm/min, 
desirably at a constant Speed of 800 mm/min, to Scan the 
Surface of the photo-curable liquid PCL along a polygonal 
track. As a result, the area of the Surface layer of the 
photo-curable liquid PCL that is traversed by the beam is 
progressively cured in the form of a polygon, which is 
almost Similar to a circle, having a width equal to the 
diameter of the beam spot BS and converted to a polygon 
shaped Solid loop having the same thickneSS as the Specified 
thickness of the cross-sectional stratum Ln of the model M. 
The polygonal solid loop LMa-1 forms an inner contour Ma 
of the first for the first cross-sectional strata L1 of the model 
M. AS Soon as the bean Spot BS reaches the Starting position 
P(1)1 passing through a position P-(1)X, the shutter is 
closed. Subsequently, the X-Y digital plotter 34 is moved 
outwardly to shift the beam irradiation head 32 by a distance 
equal to the diameter of the beam spot BS on the working 
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surface WS, and the shutter is opened. Thereafter, the X-Y 
plotter 34 moves linearly to pass through positions P(1)2.. 
. P(1)X at the constant speed to scan the working surface WS 
of the photo-curable liquid PCL, So as thereby to progres 
sively cure the surface layer of the photo-curable liquid PCL 
in the form of a polygon having the same width as the 
diameter of the beam spot BS and convert it to a polygon 
shaped Solid loop having the same thickness as the Specified 
thickness of the cross-sectional stratum L of the model M. 
The polygonal solid loop LMb1 forms an outer contour Mb 
of the first for the first cross-sectional strata L1 of the model 
M. These polygonal solid loops Lima1 and LMb1 constitute 
a first Solid lamina equivalent to the first cross-sectional 
strata L1 of the model M. 

0030. When the beam spot BS reaches the starting posi 
tion P(1)1, and the shutter is closed, the movable table 24 is 
moved down until the top Surface of the polygonal Solid 
loops LMa1 and LMb1 as a solid lamina sinks into the 
photo-curable liquid PCL away from the working surface 
WS by the same distance as the specified thickness T of 
cross-sectional strata of the model M. At this time, the 
movable container table 22 may be moved up or down 
according to a signal provided by the Surface level Sensor 30 
so as to position the working surface WS of the photo 
curable liquid PCL at the specified level with respect to the 
beam irradiation head 32, if Some adjustment is necessary. 
Subsequently, the liquid Surface leveling unit 28 is moved 
back over the working surface WS of the photo-curable 
liquid PCL to form a surface layer over the polygonal solid 
loops LMa1 and LMb1 and Smooth over the Surface layer. 
In the same manner as described above, the X-Y digital 
plotter 34 is moved to locate the beam spot BS in a position 
P(2)1 over the working surface WS of the photo-curable 
liquid PCL and smooth over the surface layer and scan the 
Surface of the photo-curable liquid PCL along a polygonal 
track, So as thereby to form polygonal Solid loops Lima2 and 
is Superposed LMb2 as Second Solid lamina equivalent to the 
Second cross-sectional strata L2 of the model M over the 
previously formed first Solid lamina. The same proceSS is 
progressively performed according to the CAM data to form 
polygonal Solid loopS LMan and LMbn as Solid laminae 
equivalent to cross-sectional Stratum Ln of the model M. 
0031. By repeating the process the same times as the 
number of cross-sectional Stratum of the model M to Super 
pose the same number of polygonal Solid loops as the 
number of cross-sectional stratum of the model M one top of 
the another, a three-dimensional laminated product is built 
up as a mold for rings on the table 24. The entire Surface 
Space between the inner and Outer loops is Solidified every 
6 to 10 laminae to give Structure to the product. 
0032. When the product has been completely built-up, it 
is removed from the table 24, and washed with ultrasonic 
cleaning for about 5 minutes to remove liquid resin. Use of 
ethanol and a detergent may also be required to remove the 
liquid resin. Next, the product or model is Subjected to 
Secondary hardening under ultraViolet ray treatment, to 
solidify the entire model. 

0033. Various variants of the liquid surface leveling 
device 50 may be employed as schematically shown in 
FIGS. 6A through 6C. Liquid surface leveling device 50a 
shown in FIG. 6A comprises a pair of double walled 
leveling blades 52a detachably secured to an attachment 54. 
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Each double-walled leveling blade 52a consists of outer and 
inner wall Sections Separated at a constant distance to 
provide a crevice or gap 51b which works as a Supplemen 
tary capillary. Further, the double-walled leveling blades 
52a are secured to the attachment 54 by set screws 54a and 
Separated at distal edges by a separation of, for example, 
preferably approximately 1 from each other to form ther 
ebetween a narrow Space 51a which works as a primary 
capillary. When the double walled leveling blades 52a are 
brought into contact with the Surface of photo-curable liquid 
PCL, the liquid surface leveling device 50a draws up the 
photo-curable liquid PCL into the space 51a and the crevice 
51b by the aid of its own capillary action and surface tension 
of the photo-curable liquid PCL. This liquid surface leveling 
device 50a is preferable to draw up and hold a larger 
quantity of the photo-curable liquid PCL therein. 
0034 FIG. 6B shows another liquid Surface leveling 
device 50b which comprises a pair of surface leveling blades 
52b are secured to an attachment 54 by set screws 54a and 
Separated at lower distal edges by a separation of, for 
example, preferably approximately 1 from each other to 
form therebetween a narrow space 51b which works as a 
primary capillary. Each surface leveling blade 52b is formed 
with opposite end extensions 5 which is always positioned 
below the surface of the photo-curable liquid PCL to draw 
up the photo-curable liquid PCL into the space 51b while the 
surface leveling blades 52b are at least in contact with the 
surface of photo-curable liquid PCL. This liquid surface 
leveling device 50b is preferable to draw up the photo 
curable liquid PCL and fill the space 51b with it quickly. 
0035 FIG. 6C shows still another liquid surface leveling 
device 50c which comprises a pair of Surface leveling blades 
52c Separated at their distal edges by a Specified Separation 
of about 1 mm to form therebetween a narrow space51c, and 
a porous pad 59, Such as, a Sponge pad or a foam pad, is 
interposed between the surface leveling blades 52c with an 
effect of actively holding or retaining the photo-curable 
liquid drawn up by capillary action, and Supplying it over a 
laminated product that is being built up in the manner 
described. Further, the surface level blades 51c may them 
Selves be made of porous material. 
0.036 The liquid surface leveling device may take any 
form of combinations of the leveling blades 50, 50a-50c 
shown in FIGS. 3 and 6A through 6c. 
0037. While the present invention has been described in 
terms of a preferred embodiment, those skilled in the art 
recognize that the present invention can be practiced with 
various changes and modifications without departing from 
the Scope of the claims. 
What is claimed is: 

1. A three-dimensional laminated product forming appa 
ratus for forming a three-dimensional laminated product 
from a photo-curable liquid by progressively Superposing 
Solid laminae having a specified thickness one on top of 
another, each Said Solid lamina being provided by photo 
curing a Surface layer of the photo-curable liquid, Said 
three-dimensional laminated product forming apparatus 
comprising: 

a container for holding a photo-curable liquid; 

a product table on which a three-dimensional laminated 
product is built up in progressive Steps, said product 
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table being positioned in Said photo-curable liquid and 
adapted to be incrementally advanced into the container 
Step by Step, each Step being a equal to a specified 
thickness for each Solid lamina; 

a liquid Surface leveling device defining a working gap 
adapted to draw photo-curable liquid into the device by 
capillary action to create a reserve of photo-curable 
therein, Said liquid Surface leveling device being mov 
able horizontally in the container to pass over a Surface 
of photo-curable liquid when held in Said container to 
form a Smoothed and leveled Surface layer of photo 
curable liquid over a three-dimensional laminated 
product that is being built up on the product table; and 

an irradiating head for forming a beam spot of reactive 
Stimulation in the container that corresponds to the 
Smoothed and leveled Surface layer of photo-curable 
liquid at the Specified level So as thereby to cure and 
convert the Smoothed and leveled Surface layer as a 
Solid lamina on the three-dimensional laminated prod 
uct being built up on Said product table. 

2. A three-dimensional Solid product forming apparatus as 
defined in claim 1, wherein Said liquid Surface leveling 
device includes at least one blade defining the gap for 
drawing the photo-curable liquid by capillary action into a 
cavity defined by the at least one blade. 

3. A three-dimensional Solid product forming apparatus as 
defined in claim 2, wherein Said blade is made of a porous 
material. 

4. A three-dimensional Solid product forming apparatus as 
defined in claim 2, wherein said blade is formed with a 
plurality of gaps, each defining a cavity for drawing photo 
curable liquid into each cavity by capillary action. 

5. A three-dimensional Solid product forming apparatus as 
defined in claim 2, wherein said blade is shaped with vertical 
depending portions that partly lie below the Surface of 
photo-curable liquid held in the container when Said product 
table advances incrementally into Said container during the 
formation of the laminated product. 

6. A three-dimensional Solid product forming apparatus as 
defined in claim 1, wherein Said liquid Surface leveling 
device comprises at least two blades arranged face to face to 
define therebetween a narrow gap through which the photo 
curable liquid is drawn by capillary action. 

7. A three-dimensional Solid product forming apparatus as 
defined in claim 6, wherein each Said blade is made of a 
porous material. 

8. A three-dimensional Solid product forming apparatus as 
defined in claim 6, wherein each said blade is formed with 
a number of holes. 

9. A three-dimensional Solid product forming apparatus as 
defined in claim 6, wherein Said liquid Surface leveling 
device further comprises a porous member interposed 
between Said blades above the gap to absorb photo-curable 
liquid. 

10. A three-dimensional Solid product forming apparatus 
as defined in claim 6, wherein at least one of Said blades is 
shaped to partly depend Vertically to be situated below a 
Surface of photo-curable liquid when Said product table is 
advance into the photo-curable liquid by Said distance equal 
to Said Specified thickness of a Solid lamina. 

11. A method for forming a three-dimensional laminated 
product from a photo-curable liquid by progressively Super 
posing Solid laminae having a Specified thickness one on top 
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of another, each Said Solid lamina being provided by photo 
curing a Surface layer of the photo-curable liquid, Said 
method comprising the Steps of 

filling a container with a photo-curable liquid to define a 
working Surface; 

advancing a product table, on which a three-dimensional 
laminated product is built up in progressive Steps, into 
Said photo-curable liquid incrementally Step by Step 
with each Step being a depth equal to Said specified 
thickness of Said Solid lamina; 

drawing photo-curable liquid by capillary action into a 
reservoir defined in a liquid Surface leveling device; 

moving the liquid Surface leveling device over the work 
ing Surface of Said photo-curable liquid in Said con 
tainer to coat and Smooth Said photo-curable liquid over 
a three-dimensional laminated product that is being 
built up on Said product table; and 

irradiating a beam spot of reactive Stimulation on Said 
Smoothed and leveled Surface layer of Said photo 
curable liquid at Said working Surface to cure and 
convert Said Smoothed and leveled Surface layer as a 
Solid lamina on Said three-dimensional laminated prod 
uct being built up on Said product table. 

12. A method as defined in claim 11, wherein the reservoir 
in Said liquid Surface leveling device includes at least a 
blade. 

13. A method as defined in claim 12, wherein said blade 
is made of a porous material. 

14. A method as defined in claim 12, wherein said blade 
is formed with a number of holes. 
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15. A method as defined in claim 2, including the step of 
Sinking portions of Said blade below the working Surface of 
Said photo-curable liquid when Said product table is incre 
mentally advance into Said photo-curable liquid by Said 
distance equal to Said Specified thickness of Said Solid 
lamina. 

16. A method as defined in claim 11 wherein the irradia 
tion is effected by a He-Cd laser having a wavelength of 
about 325 nm. 

17. A method as defined in claim 11 including the further 
Step of removing the three dimensional laminated product 
from the photo-curable liquid of the container, Washing the 
removed product, and Subjecting the washed product to a 
Secondary hardening by irradiating with ultraViolet radia 
tion. 

18. A method as defined in claim 11 wherein only the 
portions of the working Surface are irradiated which corre 
spond to the perimeter of the three dimensional laminated 
product being built during the formation of each lamina, and 
the entire portion of the working Surface corresponding to 
the entire cross-section of the three dimensional laminated 
product is irradiated for the first and last lamina and for each 
Successive X lamina, where X is a whole integer between 6 
and 10. 

19. A method as defined in claim 11, including the further 
Step of absorbing the photo-curable liquid in the reservoir 
into a porous body. 

20. A method as defined in claim 11 wherein the entrance 
to the reservoir is Set at approximately 1. 


