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the first liquid into the second liquid (below the surface thereof) in such
a manner as to conform to This invention relates to an apparatus and a    a
desired pattern. The first liquid is solidified, by method for producing a
three-dimensional object.   illumination from above the surface of the
second US Patent No. US-A-4 575 330 discloses an   5   liquid, after it is
dispensed from the injector where- apparatus and method (according to the
pre-          by a layer of the component is built up. The shape
characterising parts of claims 1 and 11 hereof) for  of the layer is thus
determined by the pattern of forming a plurality of solidified, thin layers
of har-  movement of the injector rather than by the light dened resin
successively by causing each of thin   beam. layers of liquid photosetting
resin at the surface of  io  FR-A-2 583 334 discloses the possibility of a
vessel containing the resin to be exposed to a   controlling the
temperature of the second liquid light beam in such a manner that each of
the       (that in the tank thereof) to a fixed, predetermined solidified
thin layers is superimposed successively  value, so as to maintain the
second liquid perfectly on another of the solidified thin layers formed
pre-  still and avoid thermal convection phenomena viously so as to make a
three-dimensional object of  15  which could provoke undesirable mixing of
the in- laminated, hardened resin. The intention is, with  jected first
liquid (the photosetting liquid) with the such an apparatus, that a
three-dimensional object  second liquid in the tank outside of the
solidifica- having a desired shape can easily be obtained.     tion zones.
In the above apparatus, each layer is moved        European Patent
Application Publication No. downward into the resin in the tank when the
layer  20   EP-A-0 250 121 discloses another apparatus and has solidified,
so that the solidified layer becomes  method for producing a
three-dimensional object coated with a new layer of resin to be solidified
by  by illuminating a photosetting liquid. the light beam. That is, the
liquid photosetting resin  According to a first aspect of the invention is
caused to flow of itself at each such stage onto  there is provided an
apparatus for producing a the solidified layer of hardened resin formed
pre-  25  three-dimensional object, the apparatus comprising viously. The
liquid photosetting resin usually has a  a vessel for storing liquid
photosetting resin, light relatively high viscosity, and therefore a
relatively  beam generating means for applying a light beam low fluidity,
at a normal temperature. Consequently,  to successive layers of the liquid
photosetting res- a relatively long period of time is required for the  in,
each of which includes the upper surface of the formation of each thin
layer of liquid photosetting   30  liquid photosetting resin stored in the
vessel, so as resin on the solidified thin layer of previously   to change
each layer of the liquid photosetting formed, hardened resin, with the
result that many  liquid into a solidified layer of hardened resin, and
working hours are undesirably spent in production   movable means for
moving each successively so- of the three-dimensional object made of
laminated,  lidified layer of hardened resin downward into the hardened
resin.                                35  liquid photosetting resin stored
in the vessel so that Such a problem encountered with the previous-   each
solidified layer of hardened resin is coated ly proposed apparatus as
described above has       with a new layer of the liquid photosetting resin
been stated in the specification of Japanese Patent  which is then exposed
to the light beam from the Application Publication number JP-A-61 114 817.
light beam generating means so as to form a new However, it seems that
measures to eliminate this  40  solidified layer of hardened resin fixedly
superim- problem safely and with reduced cost have not      posed on the
solidified layer positioned in the liquid been previously proposed.
photosetting resin to make a three-dimensional ob- This invention seeks to
overcome, in an ap-     ject of laminated, hardened resin, characterized by
paratus and method of the kind outlined above, the  a temperature sensing
means for detecting the problem of slow operation mentioned above.    45
temperature of the liquid photosetting resin stored French Patent
Application Publication No. FR-   in the vessel and producing a detection
output, A-2 583 334 discloses another technique for pro-   heating means
for heating the liquid photosetting ducing three-dimensional objects which
makes use   resin stored in the vessel, and temperature control of a
photosetting liquid. However, this technique is  means for controlling the
heating means based on different from that with which US-A-4 575 330 and
so  the detection output obtained from the temperature the invention are
concerned. According to the tech-  sensing means so as to reduce the
viscosity of the nique of FR-A-2 583 334, there is no formation of  liquid
photosetting resin stored in the vessel. layers at the surface of
photosetting liquid con-      According to a second aspect of the invention
tained in a vessel. Instead, the photosetting liquid  there is provided a
method for producing a three- ("first liquid") is supplied from a vessel
containing  55  dimensional object of hardened resin from liquid same, via
a flexible hose, to an injector which is  photosetting resin stored in a
vessel, the method disposed below the surface of a tank containing a
comprising the steps of applying a light beam to second liquid. The
injector is moved to dispense   successive layers of the liquid
photosetting resin 2  



3                 EP 0 376 571 B1                    4 each of which
includes the upper surface of the       1; liquid photosetting resin stored
in the vessel so as  Fig. 3 is a schematic block diagram showing a to
change each layer of the liquid photosetting       control system  employed
in the embodiment resin into a solidified layer of hardened resin, and
shown in Fig. 1; moving each successively solidified layer of har-   5
Fig. 4 is an exploded perspective view showing dened resin downward into
the liquid photosetting     an example of a three-dimensional object pro-
resin stored in the vessel so that each solidified    duced by the
embodiment shown in Fig. 1; and layer of hardened resin is coated with a
new layer    Fig. 5 is a partly fragmental, schematic front of the liquid
photosetting resin which is then ex-    view of apparatus according to a
second em- posed to the light beam, so as to form a new   10     bodiment
of the invention for producing a three- solidified layer of hardened resin
fixedly superim-   dimensional object. posed on the solidified layer
positioned in the liquid  Figs. 1 to 3 show apparatus according to a first
photosetting resin to make a three-dimensional ob-  embodiment of the
invention, the apparatus having ject of laminated hardened resin,
characterized by  a vessel 2 in which liquid photosetting resin 3 is the
steps of detecting the temperature of the liquid  15  stored. The vessel 2
is made in its entirety of photosetting resin stored in the vessel and
produc-  electrically conductive material or made of both ing a detection
output signal, and heating the liquid  insulating material and electrically
conductive ma- photosetting resin stored in the vessel as a function
terial in such a manner, for example, that a main of the temperature
detection output signal so as to  body of the vessel 2 is made of
insulating material reduce the viscosity of the liquid photosetting resin
20  and the whole or a part of the outer and inner stored in the vessel.
surfaces is covered by a thin layer of metallic In the apparatus and method
thus constituted    material, such as aluminum. in accordance with the
invention, the liquid           The liquid photosetting resin 3 is required
to be photosetting resin stored in the vessel is heated so  solidified by
exposure to a light beam and also to that the temperature of the resin is
raised and   25  be hardened on the previously solidified resin. A thereby
becomes more fluid (less viscous). Accord-  suitable resin can be selected
from the group in- ingly, when a solidified layer of hardened resin is
cluding ultraviolet-ray-setting denatured acrylate, moved downward into the
liquid photosetting resin  denatured polyurethane methacryl, oligoethyl ac-
stored in the vessel, the liquid photosetting resin  rylate, urethane
acrylate, epoxy acrylate, and pho- stored in the vessel flows quickly onto
and coats  30  tosensitive polyimide. the solidified layer of hardened
resin. Also, the      The vessel 2 is provided at its bottom portion layer
of the liquid photosetting resin at the surface  with a heating arrangement
comprising a plurality of the liquid photosetting resin stored in the
vessel  of coils 4 for high frequency induction heating. is renewed due to
the stirring action of the immer-  When a high frequency current is
supplied to the sion of the solidified resin object. This results in a   35
coils 4, magnetic fluxes from the coils 4 act on a layer of the liquid
photosetting resin with a flat  portion of the vessel 2 made of
electrically conduc- surface being coated on the previously formed
tive material so that an eddy current is produced solidified layer of
hardened resin within a relatively  therein by means of electromagnetic
induction. short time whenever a solidified layer is moved
Consequently, the vessel 2 generates Joule heat downward into the liquid
photosetting resin stored   40  caused by eddy current loss in the portion
of the in the vessel. Therefore, the time spent in produc-  vessel 2 made
of electrically conductive material ing the three-dimensional object made
of lami-     and thereby the liquid photosetting resin 3 stored nated,
hardened resin is effectively reduced.      in the vessel 2 is heated to
have reduced viscosity. Preferably, the heating means is arranged to
In the case where the vessel 2 or its inner or cause the liquid
photosetting resin stored in the   45  outer surfaces are made entirely of
electrically con- vessel to be subjected to high frequency induction
ductive material, the coils 4 for high frequency heating and therefore the
temperature of the liquid  induction heating can be disposed at any
position photosetting resin can be safely raised with easily  close to the
inner or outer surface of the vessel 2. controllable and inexpensive
heating arrangements.  Further, it is possible to provide a wall made of
The invention will now be further described, by   50  insulating material
between the coils 4 and the way of illustrative and non-limiting example,
with  vessel 2 so as to form an explosion-proof bulkhead reference to the
accompanying drawings, in which:  isolating the coils 4 from the liquid
photosetting Fig. 1 is a partly fragmental, schematic perspec-  resin 3.
tive illustration showing apparatus according to a  The embodiment also has
a temperature sen- first embodiment of the invention for producing   55
sor 5 for detecting the temperature of the liquid a three-dimensional
object;                      photosetting resin 3 stored in the vessel 2
and Fig. 2 is a partly fragmental, schematic, front  producing a detection
output signal representing view of a part of the embodiment shown in Fig.
the detected temperature. The temperature sensor 



3    5                 EP 0 376 571 B1                    6 5 is mounted on
the vessel 2 and provided with a   position sensor 28 is operative to
detect positions sensing probe 6 immersed in the liquid photoset-   of the
elevating device 8 in the vertical direction ting resin 3 at its surface
3a.                    and to produce a detection output signal represent-
The detection output signal obtained from the  ing the detected position.
The detection output temperature sensor 5 is supplied to a temperature   5
signal obtained from the position sensor 28 is sup- controller 7 connected
to the coils 4 for high fre-  plied to an elevating device controller 29
which quency induction heating. The temperature control-  controls the
rotation of the stepping motor 12 in ler 7 is operative to control the high
frequency   accordance with the detection output signal from current
supplied to the coils 4. By this means the  the position sensor 28 so that
the position of the high frequency induction heating to the vessel 2 is  io
elevating device 8 in the vertical direction is con- carried out in
response to the detection output    trolled. signal from the temperature
sensor 5 so as to          Further, an optical arrangement 14 for generat-
cause the liquid photosetting resin 3 stored in the  ing and swinging a
light beam, which includes a vessel 2 to be heated at a predetermined
desirable  light beam source 20 and light beam scanners 15 temperature.
15  and 16, is provided. The light beam scanner 15 The temperature
controller 7 is operative also  comprises a shaft 17, extending
horizontally and to send a command signal to an operation control-   driven
to rotate by a mirror driver 18, and a mirror ler 31, which is described in
detail later, for pre-  19 mounted at the end of the shaft 17 for causing a
venting the three-dimensional object producing pro-  light beam 21
generated by the light beam source cess from being started when the surface
tempera-  20  20 to scan the surface 3a of the liquid photosetting ture of
the liquid photosetting resin 3 is lower than  resin 3 stored in the vessel
2 in a first scanning a predetermined lower limit and for causing the
direction indicated by arrows AR in Fig. 2. The light process to stop when
the surface temperature of    beam scanner 16 comprises a vertically
extending the liquid photosetting resin 3 is higher than a   shaft 17,
driven to rotate by a mirror driver 18', and predetermined upper limit.
25  a mirror 19 mounted on the end of the shaft 17 for Accordingly, the
three-dimensional object pro-  causing the light beam 21 to scan the
surface 3a of ducing operation is controlled by the operation    the liquid
photosetting resin 3 stored in the vessel controller 31 so as not to be
started before the   2 in a second scanning direction perpendicular to
liquid photosetting resin 3 stored in the vessel 2  the first scanning
direction in a horizontal plane. comes to have its viscosity lower than a
predeter-  30   The rotating mirror 19 is disposed just above the mined
relatively low value and the apparatus is    plate-like stage 9 in the
liquid photosetting resin 3 prevented from becoming uncontrollable when the
stored in the vessel 2. temperature of the liquid photosetting resin 3 at
its  The light beam source 20 comprises, for exam- surface 3a is
excessively increased for some ab-   ple, an argon laser for generating a
laser light normal reason.                                 35  beam with a
wavelength of 360 nanometers or a A temperature range including the
predeter-     helium-neon laser for generating a laser light beam mined
lower limit and the predetermined upper      with a wavelength of 325
nanometers. The light limit is determined in accordance with temperature
beam 21 generated by the light beam source 20 is characteristic in
viscosity of the liquid photosetting  reflected by a mirror 22 to pass
through an ac- resin 3. In the case where the ultraviolet-ray-setting   40
oustooptic modulator 24 and is reflected further by denatured acrylate is
used as the liquid photoset-  a mirror 23 to be incident through a focusing
de- ting resin 3, the temperature range is selected to  vice 25, having a
focus lens 26, upon the rotating be about [err]
mirror 19 of the light beam scanner 16. The light An elevating device 8
which has an upper plate  beam 21 is directed to the mirror 19 of the
scanner portion 10 provided with a fixed nut 11 engaging   45  15 which
causes the beam 21 to be incident upon with a screw shaft 13 is positioned
alongside the  the surface 3a of the liquid photosetting resin 3 vessel 2.
The screw shaft 13 is driven to rotate by  stored in the vessel 2. The
light beam 21 scans the a stepping motor 12 and therefore the elevating
resin surface by the movements of the rotating device 8 is moved up and
down selectively step by  mirror 19' of the light beam scanner 16 and the
step with a predetermined pitch along the screw   so  rotating mirror 19 of
the light beam scanner 15. shaft 13. Attached to the upper plate 10 is a
lower,   The acoustooptic modulator 24 is operative to plate-like stage 9
which can be immersed into the  modulate the intensity of the light beam
impinging liquid photosetting resin 3 stored in the vessel 2  upon the
mirror 23 in accordance with a modulating selectively, step by step with
the predetermined   signal supplied thereto and the focusing device 25
pitch in accordance with the movements of the  55  is operative to focus
the light beam on the surface elevating device 8.
3a of the liquid photosetting resin 3 stored in the 



The elevating device 8 also has a position      vessel 2. sensor 28
extending along the screw shaft 13. The 4    7                 EP 0 376 571
B1                    8 With such an optical arrangement 14, a partial
ning direction and a fourth scanning signal cor- area of the surface 3a of
the liquid photosetting  responding to positions of the second parallel
lines resin 3 stored in the vessel 2, which is spreading  on each of the
horizontally sliced pieces of the below the rotating mirror 19, is scanned
by the    three-dimensional object in the first scanning direc- light beam
21 reduced in size to a beam spot of a   5   tion. The third and fourth
scanning signals obtained predetermined small size in both of the first and
from the D/A converter 36b are supplied to a gate second scanning
directions which are perpendicu-   37b by which the third scanning signal
or the fourth lar to each other.                                 scanning
signal is selected to pass therethrough to The operation controller 31 is
operative to con-  the mirror driver 18' of the light beam scanner 16. trol
each of the light beam scanners 15 and 16, the   io  In summary, the first
scanning signal repre- focusing device 25, the elevating device controller
sents positional information along the first parallel 29, and a modulating
signal generator 30 for sup-  lines, the second scanning signal represents
posi- plying the acoustooptic modulator 24 with the mod-  tional
information along the second parallel lines, ulating signal. A control
system including the op-  the third scanning signal represents the
positions of eration controller 31, light beam scanners 15 and   15  the
first line in the second scanning direction and 16, focusing device 25,
elevating device controller  the fourth scanning signal represents the
positions 29 and modulating signal generator 30 is shown in  of the second
scanning lines in the first scanning Fig. 3 in the form of a block diagram.
direction. Referring to Fig. 3, a beam position control       The gates 37a
and 37b are controlled by a circuit 35 including a memory 33 and a
modulator  20  scanning direction switching circuit 38 so as to 34 is
provided. The memory 33 is connected with a  alternately be in a first
state wherein the first scan- designing device, e.g. a computer operating
with   ning signal is selected by the gate 37a and the computer aided
design software, for programming    third scanning signal is selected by
the gate 37b data for producing a plurality of horizontally sliced  and in
a second state wherein the second scanning pieces of a three-dimensional
object so that the   25  signal is selected by the gate 37a and the fourth
data programmed by the designing device is tem-    scanning signal is
selected by the gate 37b. This porarily stored in the memory 33. The
modulator    switching takes place for each period of time in 34 is
operative to convert the data of each of the  which the coordinate data of
each horizontally horizontally sliced pieces of the three-dimensional
sliced piece of the three-dimensional object are object, which is read from
the memory 33, into  30  read from the memory 33. coordinate data
representing positions on each of      Therefore, the light beam 21 is
caused by the the horizontally sliced pieces of the three-dimen-  rotating
mirrors 19 and 19' to be incident upon the sional object in the first and
second scanning direc-  resin surface 3a. Alternately during each period of
tions, respectively. The coordinate data obtained  time wherein the
coordinate data of each horizon- from the modulator 34 is supplied to each
of two   35  tally sliced piece of the three-dimensional object digital to
analog (D/A) converters 36a and 36b and   -   are obtained from the
modulator 34, the light beam a focus lens driving circuit 40.
21 repeatedly performs a first line scanning in the The D/A converter 36a
converts the coordinate  first scanning direction or a second line scanning
in data from the modulator 34 into a first scanning   the second scanning
direction all over the partial signal corresponding to successive positions
on   40  area of the resin surface 3a. each of a plurality of first
parallel lines extending in  The focus lens driving circuit 40 is operative
to the first scanning direction on each of the horizon-  cause the focusing
device 25 to control the position tally sliced pieces of the
three-dimensional object  of the focus lens 26 so as to focus the light
beam and a second scanning signal corresponding to      21 upon the resin
surface 3a in response to the successive positions on each of a plurality
of sec-  45  coordinate data obtained from the modulator 34. ond parallel
lines extending in the second scanning    The programmed data read from the
memory direction on each of the horizontally sliced pieces  33 are also
supplied to an acoustooptic modulator of the three-dimensional object. The
first and sec-  driving circuit 39. The acoustooptic modulator driv- ond
scanning signals obtained from the D/A con-    ing circuit 39 is operative
to control the modulating verter 36a are supplied to a gate 37a by which
the   50  signal generator 30 to produce a modulating signal first scanning
signal or the second scanning signal  which varies in response to the
programmed data is selected to pass therethrough to the mirror driver
representing each of the first or second parallel 18 of the light beam
scanner 15.                   lines on each of the horizontally sliced
pieces of The D/A converter 36b converts the coordinate  the
three-dimensional object. 



data from the modulator 34 into a third scanning   55  Further, the
coordinate data obtained from the signal corresponding to positions of the
first parallel  modulator 34 is also supplied to a stepping motor lines on
each of the horizontally sliced pieces of  driving circuit 41. The stepping
motor driving circuit the three-dimensional object in the second scan-   41
is operative to control the elevating device con- 5    9                 EP
0 376 571 B1                    10 troller 29 to drive the stepping motor
12 in such a  scannings by the light beam 21. manner that the elevating
device 8 is moved to put     After the first solidified layer [err] has
been the plate-like stage 9 at a position lower by one  formed, the
elevating device 8 is moved down to stepping pitch from the resin surface
3a (this posi-  descend the plate-like stage 9 by one stepping tion is
referred to as an initial position) so that a   5   pitch so that the first
solidified layer 43, formed on thin layer of the liquid photosetting resin
3 is pro-  the plate-like stage 9 is moved downward into the vided on the
plate-like stage 9 at the beginning of  liquid photosetting resin 3 and a
second thin layer the three-dimensional object producing operation.  of the
liquid photosetting resin 3 covers the first Thereafter the elevating
device 8 is moved down to  solidified layer [err] Since the vessel 2 is
subjected descend the plate-like stage 9 by one stepping   10  to the high
frequency induction heating so as to pitch whenever the coordinate data of
each hori-    keep the liquid photosetting resin 3 at the predeter-
zontally sliced piece of the three-dimensional ob-  mined temperature so
that the viscosity is suffi- ject has been completely obtained from  the
ciently reduced, the liquid photosetting resin 3 modulator 34.
quickly flows onto the first solidified layer 43, to With the embodiment
described above, a   15  form the second thin layer of the liquid photoset-
three-dimensional object 42 shown in the exploded  ting resin 3. form in
Fig. 4 is produced through the processes       Then, the light beam 21
caused by the rotating as will now be explained.
mirrors 19 and 19' to be incident upon the resin First, an operation
starting signal is supplied to  surface 3a repeatedly perform  the second
line the operation controller 31. If the temperature of  20  scanning in
the second scanning direction on the the liquid photosetting resin 3 at its
surface 3a is  second thin layer of the liquid photosetting resin 3 lower
than the predetermined lower limit, the three-  provided on the first
solidified layer [err] all over the dimensional object producing operation
is not start-  surface of the second thin layer of the liquid ed regardless
of the supply of the operation start-  photosetting resin 3. This is done
during a period ing signal to the operation controller 31 and the   25  of
time in which the coordinate data of the second high frequency current is
supplied to the coils 4 for  horizontally sliced piece of the
three-dimensional high frequency induction heating in order to cause
object 42 is obtained from the modulator 34. In this the vessel 2 to be
subjected to high frequency     manner the second  thin layer of the liquid
induction heating and thereby to heat the liquid   photosetting resin 3
provided on the first solidified photosetting resin 3.
30  layer 43, is hardened to form a new solidified layer When it is
detected by the temperature sensor   of hardened resin fixedly superimposed
on the first 5 that the temperature of the liquid photosetting  solidified
layer 43,. Accordingly, a second solidi- resin 3 at its surface 3a has
become equal to or   fied layer 432 as shown in Fig. 4 is formed to be
higher than the predetermined lower limit, the tem-  fixedly superimposed
on the first solidified layer perature controller 7 operates to cause the
opera-  35  43, in the liquid photosetting resin 3. In Fig. 4, dot- tion
controller 31 to start the three-dimensional  dash lines 45 indicate the
second line scannings object producing operation. The elevating device 8
by the light beam 21. is moved to put the plate-like stage 9 at the initial
Further, after the second solidified layer 432 position and the first thin
layer of the liquid    has been formed, the elevating device 8 is moved
photosetting resin 3 is provided on the plate-like   40  down again to
descend the plate-like stage 9 by stage 9.
one stepping pitch so that the first and second Then, the light beam 21
caused by the rotating  solidified layers 43i and 432 formed on the plate-
mirrors 19 and 19' to be incident upon the resin   like stage 9 are moved
downward into the liquid surface 3a begins the first line scanning in the
first  photosetting resin 3 and a third thin layer of the scanning
direction on the first thin layer of the   45  liquid photosetting resin 3
coats the second solidi- liquid photosetting resin 3 provided on the plate-
fied layer 432. like stage 9 repeatedly all over the surface of the
After that, the light beam 21 caused by the first thin layer of the liquid
photosetting resin 3.  rotating mirrors 19 and 19' to be incident upon the
This first scanning takes place during a period of  resin surface 3a
repeatedly performs the first line time in which the coordinate data of the
first hori-  50  scanning in the first scanning direction on the third
zontally sliced piece of the three-dimensional ob-  thin layer of the
liquid photosetting resin 3 provided ject 42 is obtained from the modulator
34. In this  on the second solidified layer 432 all over the 



way the first thin layer of the liquid photosetting  surface of the third
thin layer of the liquid photoset- resin 3 on the plate-like stage 9 is
hardened to   ting resin 3. This is accomplished during a period form a
solidified layer of hardened resin. As a   55  of time in which the
coordinate data of the third result of this, the first solidified layer 43,
as shown  horizontally sliced piece of the three-dimensional in Fig. 4 is
formed in the liquid photosetting resin  object is obtained from the
modulator 34. The 3. In Fig. 4, dot-dash lines 44 indicate the first line
foregoing steps are repeated until the last solidified 6    11
EP0376 57B1                        12 layer 43n as shown in Fig. 4 is
formed.                moving each successively solidified layer of Through
the processes described above, the          hardened  resin  downward  into
the liquid first to last solidified layers [err]
photosetting resin (3) stored in the vessel (2) - - - - [err]
are integrally    so that each solidified layer of hardened resin formed in
a stack as shown in Fig. 4 and thereby   5   is coated with a new  layer of
the liquid the three-dimensional object 42 which is made of
photosetting resin (3) which is then exposed to laminated, hardened resin
is obtained.                 the light beam (21) from the light beam gen-
Since the odd-numbered solidified layers [err]      erating means (14) so
as to form a new solidi- [err]are formed with the first beam       fied
layer of hardened resin fixedly superim- scanning in the first scanning
direction and the   10  posed on the solidified layer positioned in the
even-numbered solidified layers [err]                   liquid photosetting
resin (3) to make a three- -) are formed with the second beam scanning in
dimensional object (42) of laminated, hardened the second scanning
direction perpendicular to the     resin, characterized by temperature
sensing first scanning direction, the surface of a side por-   means (5)
for detecting the temperature of the tion 46 is smoothly formed and further
bending   15    liquid photosetting resin (3) stored in the ves-
deformations of the respective solidified layers re-   sel (2) and
producing a detection output, heat- sulting from volume contractions caused
during         ing means (4) for heating the liquid photoset-
solidification are not uniform in direction so that    ting resin (3)
stored in the vessel (2), and even a projecting portion 46a is prevented
from        temperature control means (7) for controlling bending badly.
20       the heating means (4) based on the detection Fig. 5 shows another
embodiment of apparatus        output obtained from the temperature sensing
for producing a three-dimensional object according     means (5) so as to
reduce the viscosity of the to the present invention. In Fig. 5, the
devices,      liquid photosetting resin (3) stored in the ves- members and
portions corresponding to those of         sel (2). Fig. 2 are marked with
the same references and   25 further description thereof will be omitted.
2. An apparatus according to claim 1, wherein the In the embodiment shown
in Fig. 5, the liquid      vessel (2) is made at least partially of elec-
photosetting resin 3 is supplemented from a resin      trically conductive
material. reservoir 47 provided on the vessel 2 to supply resin to or store
resin overflow from the vessel 2 to  30   3.  An apparatus according to
claim 2, wherein the allow for volume contraction of the liquid photoset-
heating means (4) comprises high frequency ting resin 3 resulting from
solidification of the liquid  induction heating means, including coils, by
photosetting resin 3 on the plate-like stage 9.        which an eddy
current is produced through In the case of the embodiment shown in Fig. 5,
electromagnetic induction to flow in the elec- the resin surface 3a is kept
at a constant level  35   trically conductive material so as to cause the
regardless of volume contraction of the liquid         electrically
conductive material to generate photosetting resin 3 resulting from
solidification of  Joule heat. the liquid photosetting resin 3 on the
plate-like stage 9. This results in the advantages that the   4. An
apparatus according to claim 1, claim 2 or control of the elevating device
8 for positioning the   40  claim  3, wherein the temperature sensing
plate-like stage 9 properly in the liquid photosetting  means (5) is
mounted on the vessel (2) and resin 3 is easily carried out and the
temperature of   provided with a sensing portion (6) immersed the liquid
photosetting resin 3 is accurately de-      in the liquid photosetting
resin (3) stored in the tected by the temperature sensor 5.
vessel (2). 45 Claims                                             5. An
apparatus according to any one of the preceding claims, wherein operation
control 1. An apparatus for producing a three-dimension-       means (31)
is provided for controlling the mov- al object, the apparatus comprising a
vessel       able means (8) and the temperature control (2) for storing
liquid photosetting resin (3), light  60  means (7) is operative to control
the operation 



beam generating means (14) for applying a          control means (31) to
prevent a three-dimen- light beam  (21) to successive layers of the
sional object producing operation from being liquid photosetting resin (3),
each of which       started when the temperature of the liquid includes the
upper surface of the liquid           photosetting resin (3) stored in the
vessel (2) is photosetting resin (3) stored in the vessel (2),  55  lower
than a predetermined lower limit and to so as to change each layer of the
liquid           stop the three-dimensional object producing photosetting
resin (3) into a solidified layer of  operation when the temperature of the
liquid hardened resin, and movable means (8, 28) for      photosetting
resin (3) stored in the vessel (2) is 7    layer 43n as shown in Fig. 4 is
formed.                 moving each successively solidified layer of
Through the processes described above, the          hardened  resin
downward into the liquid first to last solidified layers [err]
photosetting resin (3) stored in the vessel (2) [err]
are integrally       so that each solidified layer of hardened resin formed
in a stack as shown in Fig. 4 and thereby   s    is coated with a new
layer of the liquid the three-dimensional object 42 which is made of
photosetting resin (3) which is then exposed to laminated, hardened resin
is obtained.                  the light beam (21) from the light beam gen-
Since the odd-numbered solidified layers [err]      erating means (14) so
as to form a new solidi- [err] are formed with the first beam        fied
layer of hardened resin fixedly superim- scanning in the first scanning
direction and the   10    posed on the solidified layer positioned in the
even-numbered solidified layers [err]                  liquid photosetting
resin (3) to make a three- -) are formed with the second beam scanning in
dimensional object (42) of laminated, hardened the second scanning
direction perpendicular to the      resin, characterized by temperature
sensing first scanning direction, the surface of a side por-    means (5)
for detecting the temperature of the tion 46 is smoothly formed and further
bending   15     liquid photosetting resin (3) stored in the ves-
deformations of the respective solidified layers re-    sel (2) and
producing a detection output, heat- sulting from  volume contractions
caused during        ing means (4) for heating the liquid photoset-
solidification are not uniform in direction so that     ting resin (3)
stored in the vessel (2), and even a projecting portion 46a is prevented
from         temperature control means (7) for controlling bending badly.
20     . the heating means (4) based on the detection Fig. 5 shows another
embodiment of apparatus        output obtained from the temperature sensing
for producing a three-dimensional object according      means (5) so as to
reduce the viscosity of the to the present invention. In Fig. 5, the
devices,       liquid photosetting resin (3) stored in the ves- members and
portions corresponding. to those of         sel (2). Fig. 2 are marked with
the same references and   25 further description thereof will be omitted.
2. An apparatus according to claim 1, wherein the In the embodiment shown
in Fig. 5, the liquid       vessel (2) is made at least partially of elec-
photosetting resin 3 is supplemented from a resin      trically conductive
material. reservoir 47 provided on the vessel 2 to supply resin to or store
resin overflow from the vessel 2 to  30  3. An apparatus according to claim
2, wherein the allow for volume contraction of the liquid photoset-
heating means (4) comprises high frequency ting resin 3 resulting from
solidification of the liquid  induction heating means, including coils, by
photosetting resin 3 on the plate-like stage 9.         which an eddy
current is produced through In the case of the embodiment shown in Fig. 5,
electromagnetic induction to flow in the elec- the resin surface 3a is kept
at a constant level  35    trically conductive material so as to cause the
regardless of volume contraction of the liquid          electrically
conductive material to generate photosetting resin 3 resulting from
solidification of   Joule heat. the liquid photosetting resin 3 on the
plate-like stage 9. This results in the advantages that the    4. An
apparatus according to claim 1, claim 2 or control of the elevating device
8 for positioning the   40  claim  3, wherein the temperature sensing
plate-like stage 9 properly in the liquid photosetting  means (5) is
mounted on the vessel (2) and resin 3 is easily carried out and the
temperature of    provided with a sensing portion (6) immersed the liquid
photosetting resin 3 is accurately de-       in the liquid photosetting
resin (3) stored in the tected by the temperature sensor 5.
vessel (2). 45 Claims                                              5. An
apparatus according to any one of the preceding claims, wherein operation
control 1. An apparatus for producing a three-dimension-        means (31)
is provided for controlling the mov- al object, the apparatus comprising a
vessel        able means (8) and the temperature control 



(2) for storing liquid photosetting resin (3), light  so  means (7) is
operative to control the operation beam  generating means (14) for applying
a          control means (31) to prevent a three-dimen- light beam  (21) to
successive layers of the        sional object producing operation from
being liquid photosetting resin (3), each of which        started when the
temperature of the liquid includes the upper surface of the liquid
photosetting resin (3) stored in the vessel (2) is photosetting resin (3)
stored in the vessel (2),  55  lower than a predetermined lower limit and
to so as to change each layer of the liquid            stop the
three-dimensional object producing photosetting resin (3) into a solidified
layer of   operation when the temperature of the liquid hardened resin, and
movable means (8, 28) for       photosetting resin (3) stored in the vessel
(2) is 7    higher than a predetermined upper limit.
photosetting resin (3) in the vessel (2) so as to keep the surface of the
liquid photosetting res- 6. An apparatus according to any one of the
in (3) stored in the vessel (2) at a constant preceding claims, wherein the
light beam gen-        level. erating means (14) comprises a light beam
5 source (20) for producing a laser light beam, a  11. A method for
producing a three-dimensional light beam  controller (24) for controlling
the      object of hardened resin from liquid photoset- intensity of the
laser light beam, a focusing       ting resin (3) stored in a vessel (2),
the method device (25) provided with a focus lens (26) for      comprising
the steps of applying a light beam focusing the laser light beam to have a
pre-   10    (21) to  successive  layers  of the  liquid determined beam
spot on the surface of the           photosetting resin (3) each of which
includes liquid photosetting resin (3) stored in the ves-     the upper
surface of the liquid photosetting sel (2), a first light beam scanner (16)
including  resin stored in the vessel (2) so as to change a first movable
mirror (19') for causing the light   each layer of the liquid photosetting
resin (3) beam  to scan the surface of the liquid  15          into a
solidified layer of hardened resin, and photosetting resin (3) stored in
the vessel (2) in   moving each successively solidified layer of a first
scanning direction, a second light beam      hardened  resin  downward
into the liquid scanner (15) including a second movable mir-
photosetting resin (3) stored in the vessel (2) ror (19) for causing the
light beam to scan the      so that each solidified layer of hardened resin
surface of the liquid photosetting resin (3)  20     is coated with a new
layer of the liquid stored in the vessel (2) in a second scanning
photosetting resin (3) which is then exposed to direction perpendicular to
the first scanning       the light beam  (21), so as to form a new
direction, and deflection means (22, 23) for         solidified layer of
hardened resin fixedly super- causing the laser light beam to be incident
imposed on the solidified layer positioned in upon the first and second
rotating mirrors  25       the liquid photosetting resin (3) to make a
along a predetermined path.                         three-dimensional
object (42) of laminated har- dened resin, characterized by the steps of 7.
An apparatus according to any one of the             detecting  the
temperature  of the  liquid preceding claims, wherein the movable means
photosetting resin (3) stored in the vessel (2) (8, 28) comprises an
elevating device (8) hav-  30   and producing a detection output signal,
and ing a portion movable up and down selectively        heating the liquid
photosetting resin (3) stored in the liquid photosetting resin (3) stored
in the  in the vessel (2) as a function of the tempera- vessel (2).
ture detection output signal so as to reduce the viscosity of the liquid
photosetting resin (3) 8. An apparatus according to claim 7, wherein the
35  stored in the vessel (2). elevating device (8) comprises a plate-like
stage (9) which is immersible in the liquid      12. A method according to
claim 11, wherein the photosetting resin (3) stored in the vessel (2),
vessel (2) includes electrically conductive ma- for supporting the
solidified layer of hardened     terial and the heating step comprises high
fre- resin, and a stepping motor (12) for moving the   40  quency induction
heating of the electrically plate-like stage (9) upward and downward se-
conductive material to cause an eddy current lectively step by step with a
predetermined         to be produced therein through electromag- pitch.
netic induction so as to cause the electrically conductive material to
generate Joule heat. 9. An apparatus according to claim 8, wherein the   45
movable means (8, 28) further comprises a        13. A method according to
claim 11 or claim 12, position sensor (28) for detecting the position
wherein the step of detecting the resin's tem- of the elevating device (8)
in a vertical direc-     perature comprises detecting it at the upper 



tion relative to the upper surface of the resin      surface of the resin
(3) in the vessel (2). and producing a positional detection output  50
signal, and an elevating device controller (29)  14. A method according to
claim 11, claim 12 or operative to control the stepping motor (12) in
claim 13, wherein the light beam applying step accordance with the
positional detection output      comprises the steps of producing a laser
light signal from the position sensor (28).                beam (21),
controlling the intensity of the laser 55      light beam (21), focusing
the laser light beam 10. An apparatus according to any one of the
(21) to have a predetermined beam spot on preceding claims, comprising
resin supplying        the surface of the liquid photosetting resin means
(47) for supplementing  the liquid            stored in the vessel (2), and
causing the light 8    beam (21) to scan the surface of the liquid
in dem  Behalter (2) gespeicherten flissigen photosetting resin (3) stored
in the vessel (2) in   photohartenden Harzes (3) herabzusetzen. a first
scanning direction and then in a second scanning direction perpendicular to
the first    2. Vorrichtung nach Anspruch 1, bei der der Be- scanning
direction.                         5        halter (2) zumindest teilweise
aus elektrisch leitffhigem Material besteht. 15. A method according to any
one of claims 11 to 14, comprising the step of supplementing the     3.
Vorrichtung nach Anspruch 2, bei der die Heiz- liquid photosetting resin
(3) in the vessel (2) so   einrichtung (4) eine, Hochfrequenz-lnduktions-
as to keep the surface of the liquid photoset-  10   heizeinrichtung
umfalt, die Spulen aufweist, ting (3) resin stored in the vessel (2) at a
mit deren Hilfe durch elektromagnetische In- constant level.
duktion ein in dem elektrisch leitflhigen Mate- rial flieBender Wirbelstrom
erzeugt wird, der in PatentansprUche
diesem die Erzeugung von Joulscher Warme is      bewirkt. 1. Vorrichtung
zur Herstellung eines dreidimen- sionalen Objekts mit
4. Vorrichtung nach Anspruch 1, 2 oder 3, bei der einem  Behillter (2) zur
Speicherung von         die Temperatursensoreinrichtung (5) an dem
flUssigem photohartendem Harz (3),                   Behalter (2) montiert
ist und einen Sensorteil einer Lichtstrahlerzeugungseinrichtung (14)   20
(6) aufweist, der in das in dem Behalter (2) K-'     zum Applizieren eines
Uchtstrahls (21) auf auf-       gespeicherte fllssige photohartende Harz
(3) einanderfolgende Schichten des fllssigen pho-        eintaucht.
tohartenden Harzes (3), um jede Schicht des flOssigen photohartenden Harzes
(3) in eine      5. Vorrichtung nach einem  der vorhergehenden verfestigte
Schicht aus gehirtetem Hart umzu-  2n    Ansprache, bei der eine
Ablaufsteuereinrich- wandeln, wobei diese Schichten jeweils die
tung (31) zur Steuerung der beweglichen Ein- Oberseite des in dem Behllter
(2) gespeicher-        richtung (8) vorgesehen ist, die von der Tem- ten
flassigen photohfirtenden Harzes (3) ent-        peratursteuereinrichtung
(7) so gesteuert wird, halten, und
daB der Beginn der Herstellung eines dreidi- einer beweglichen Einrichtung
(8, 28) zum    30  mensionalen Objekts verhindert wird, wenn die Bewegen
der einzelnen nacheinander verfe-            Temperatur in dem Behalter (2)
gespeicherten stigten Schichten aus gehartetem  Hart nach         flUssigen
photohartenden Harzes (3) unter ei- unten in das in dem Behalter (2)
gespeicherte        nem  vorbestimmten unteren Grenzwert liegt, fllssige
photohartende Harz (3), so daB jede         und die Herstellung eines
dreidimensionalen verfestigte Schicht aus gehirtetem  Hart mit  3a
Objekts gestoppt wird, wenn die Temperatur in einer neuen Schicht des
flOssigen photoharten-       dem Behalter (2) gespeicherten flOssigen pho-
den Harzes (3) bedeckt wird, die dann dem            tohartenden Harzes (3)
Uber einem  vorbe- Lichtstrahl (21) aus der Uchtstrahlerzeugungs-
stimmten oberen Grenzwert liegt. einrichtung (14) ausgesetzt wird, um eine
neue verfestigte Schicht aus gehartetem  Harz zu   40  6. Vorrichtung nach
einem der vorhergehenden bilden, die auf der in dem flOssigen photohlr-
Anspruche, bei der die Lichtstrahlerzeugungs- tenden Harz (3) liegende
verfestigte Schicht         einrichtung (14) aufweist: fest aufgelagert
ist, um ein dreidimensionales          eine Lichtquelle (20) zur Erzeugung
eines Objekt (42) aus laminiertem gehairtetem Harz
Laserlichtstrahis, herzustellen,                               45
eine Lichtstrahlsteuerung (24) zur Steue- gekennzelchnet durch
rung der Intensitat des Laserlichtstrahis, eine Temperatursensoreinrichtung
(5) zum             ein mit einer Fokussierungslinse (26) aus- 



Detektieren der Temperatur des in dem Behal-         gestattete
Fokussierungseinrichtung (25) zum ter (2) gespeicherten flissigen
photohartenden       Fokussieren des Laserlichtstrahis derart, daB Harzes
(3) und zur Erzeugung eines Detektor-  50     dieser auf der OberflAche des
in dem Behalter ausgangssignals,                                    (2)
gespeicherten  flOssigen photohErtenden eine Heizeinrichtung (4) zum
Erwarmen           Harzes (3) einen vorbestimmten Strahipunkt des in dem
Behilter (2) gespeicherten flOssi-        bildet, gen photohartenden Harzes
(3),                          einen ersten Lichtstrahlabstaster (16) mit
eine Temperatursteuereinrichtung (7) zur  65     einem ersten beweglichen
Spiegel (19'), durch Steuerung der Heizeinrichtung (4) auf der Ba-
den der Lichtstrahl so beeinfluBbar ist, daB die sis des
Detektorausgangssignals der Tempera-         Oberflache des in dem
Behailter (2) gespei- tursensoreinrichtung (5), um die Viskositfit des
cherten flUssigen photohartenden Harzes (3) in 9    17                 EP 0
376 571 B1                     18     111 1iBI Il JliI 11161  ll * C   L
M   S * einer ersten Abtastrichtung abtastet,               flOssigen
photohartenden Harzes (3) in eine einen zweiten Lichtstrahlabstaster (15)
mit      verfestigte Schicht aus gehirtetem Harz umzu- einem zweiten
beweglichen Spiegel (19), durch        wandeln, wobel diese Schichten
jeweils die den der Lichtstrahl so beeinfluBbar ist, daB die     Oberseite
des in dem Behilter (2) gespeicher- Oberflache des in dem  Behilter (2)
gespei-   5     ten flOssigen photohartenden Harzes (3) ent- cherten
fllssigen photohartenden Harzes (3) in       halten, einer zweiten
Abtastrichtung abtastet,                  Bewegen der einzelnen
nacheinander ver- und Ablenkmittel (20, 23), die bewirken,
festigten Schichten aus gehartetem Harz nach daB der Laserlichtstrahl
entlang einem vorbe-        unten in das in dem Behilter (2) gespeicherte
stimmten Pfad auf den ersten und den zweiten   10   fllssige photohirtende
Harz (3), so daB jede beweglichen Spiegel auftrifft.
verfestigte Schicht aus gehartetem  Harz mit einer neuen Schicht des
flassigen photoharten- 7. Vorrichtung nach einem der vorhergehenden
den Harzes (3) bedeckt wird, die dann dem Anspr~lche, bei der die
bewegliche Einrichtung       Uchtstrahl (21) ausgesetzt wird, um eine neue
(8) eine Hebevorrichtung (8) umfaBt mit einem    15  verfestigte Schicht
aus gehArtetem  Harz zu Teil, der wahlweise in dem in dem Behalter (2)
bilden, die auf der in dem flUssigen photohar- gespeicherten flUssigen
photohartenden Harz         tenden Harz (3) liegende verfestigte Schicht
(3) aufwarts und abwarts bewegt werden kann.        fest aufgelagert ist,
um ein dreidimensionales Objekt (42) aus laminiertem gehartetem Harz 8.
Vorrichtung nach Anspruch 7, bei der die He-  20     herzustellen, K.>
bevorrichtung (8) elne in das in dem Behalter            gekennzelchnet
durch die Verfahrens- (2) gespeicherte flUssige photohirtende Harz
schritte: (3) eintauchbare plattenformige Stufe (9) zur
Detektieren der Temperatur des in dem UnterstUtzung der verfestigten
Schicht aus ge-       Behalter (2) gespeicherten flUssigen photohar-
hartetem Harz aufweist sowie einen Schrittmo-   25   tenden Harzes (3) und
zur Erzeugung eines tor (12), mit dessen Hilfe die plattenformige
Detektorausgangssignals, Stufe (9) schrittweise mit einer bestimmten
Erwarmen des in dem Behalter (2) gespei- Schrittweite wahlweise aufwarts
und abwarts          cherten flUssigen photohartenden Harzes (3) in bewegt
werden kann.                                  Abhangigkeit von dem
Temperaturdektor-Aus- 30      gangssignal, um die Viskositit des in dem 9.
Vorrichtung nach Anspruch 8, bei der die be-         Behilter (2)
gespeicherten flUssigen photohar- wegliche Einrichtung (8, 28) auBerdem
einen         tenden Harzes (3) herabzusetzen. Positionssensor (28) zur
Detektierung der Posi- tion der Hebevorrichtung (8) in vertikaler Rich-
12. Verfahren nach Anspruch 11, bei dem der Be- tung relativ zu der
Oberseite des Harzes und   35    halter (12) elektrisch leitfahiges
Material ent- zur Erzeugung  eines  Positionsdetektoraus-          halt und
der Verfahrensschritt des Erwarmens gangssignals sowie eine
Hebevorrichtungs-            eine Hochfrequenz-lnduktionserwirmung des
steuerung (29) aufweist, die den Schrittmotor        elektrisch leitfahigen
Materials umfaBt, wobei in (12) nach MaBgabe des von dem Positionssen-
diesem durch elektromagnetische Induktion ein sor (28) abgegebenen
Ausgangssignals steu-   40      Wirbelstrom erzeugt wird, so daB in dem
elek- ert.                                                trisch
leiffahigen Material Joulsche WIrme er- zeugt wird. 10. Vorrichtung nach
einem der vorhergehenden AnsprUche mit einer HarzzufUhrungseinrich-
13. Verfahren nach Anspruch 11 oder 12, bei dem 



tung (47) zum Erganzen des flUssigen photo-   45     der Verfahrensschritt
des Detektierens der hirtenden Harzes (3) in dem BehIlter (2), um
Temperatur des Hartes das Detektieren seiner die Oberflache des in dem
Behilter (2) gespei-       Temperatur an der Oberseite des Harzes (3) in
cherten flUssigen photohartenden Harzes (3)          dem Behilter (2)
umfalt. auf einem konstanten Niveau zu halten. 5o   14. Verfahren nach
Anspruch 11, 12 oder 13, bei 11. Verfahren zur Herstellung eines
dreidimensio-       dem  der Verfahrensschritt des Applizierens nalen
Objekts aus in einem Behalter (2) ge-          des Lichtstrahls folgende
Schritte umfaBt: speichertem  flUssigem  photohdrtendem  Harz
Erzeugen eines Laserlichtstrahis (21), (3),
Steuem der Intensitit des Laserlichtstrahis mit den Verfahrensschritten:
55       (21), Applizieren eines Lichtstrahls (21) auf auf-
Fokussieren des Laserlichtstrahis (21) der- einanderfolgende Schichten des
flUssigen pho-        art, daB ein vorbestimmter Strahlpunkt auf der
tohartenden Harzes (3), um jede Schicht des          Oberflache des in dem
Behalter (2) gespei- 10    19                EP 0 376 571 B1
20                    11111 1I Ji11 cherten flassigen photohirtenden Harzes
ge-        gon a r~duire la viscosite de la resine photo- bildet wird, und
durcissable liquide (3) stockeo dans le reci- Veranlassen, dae  der
Lichtstrahl (21) die      piont (2). Oberflache des in dom Behilter (2)
gespei- cherten flssigen photohirtenden Harzes (3) in   5   2. Un
dispositif salon la revendication 1, dans olner ersten Abtastrichtung und
dann in einer      lequol le recipient (2) est constitud au moins zur
ersten Abtastrichtung senkrechten zweiten      partiellement en matdriau
conducteur de I'elec- Abtastrichtung abstastet.
tricite. 15. Verfahron nach einem der AnsprUche 11 bis  10  3. Un
dispositif solon la revendication 2, dans 14, mit dom Verfahrensschritt,
dae das flssige    loquol le moyen de chauffage (3) comprend un
photohartende Harz (3) in dom Behlilter (2) so     moyen de chauffage par
induction A haute organzt wird, daB die Oberfiliche des in dem
frequence, comprenant des bobines, dans les- Behilter (2) gespoicherten
flifssigen photohar-    quelles un courant de Foucault est produit par
tendon Harzes (3) auf einem konstanten Ni-  is     induction
electromagn6tique, ce courant pas- veau gehalten wird.
sant dans la materiau conducteur de I'electrici- t, de manibre A provoquer
un chauffage par Revendlcatlons
effet Joule de ce materiau conductour de I'6lectricit6. 1. Un appareil pour
fabriquer un objet tridimen-  20 sionnel, I'appareil comprenant un
recipient (2)  4. Un dispositif solon la revendication 1, la reven- destine
a stocker une resine photo-durcissable     dication 2, ou la revendication
3, dans lequel le (3) liquide, un moyen de production de fais-       moyen
de mesure de temperature (5) est mon- ceaux lumineux (14) destind A
appliquer un         te sur le recipient (2) et pourvu d'une partie de
faisceau lumineux (21) sur des couches suc-  2S    mesure (6) immergde dans
la resine photodur- cessives de resine photo-durcissables liquides
cissable liquide (3) stockee dans le recipient (3), dont chacune constitue
la surface supd-       (2). rieure en rdsine photodurcissable liquide (3),
stockeo dans le recipient (2), de manibre &     5  Un dispositif solon
l'une quelconque des re- faire passer chaque couche en r6sine photo-  3o
vendications pr6c6dentes, dans loquel un durcissable liquide (3) a I'tat de
couche soli-   moyen de commande de fonctionnement (31) difieo, on resine
durcie, et compronant des        est prevu, pour commander le moyen
d~plaga- moyens d6plagables (8, 28), pour deplacer          ble (8), et le
moyen de commando de tempe- chaque couche successivement solidifiee, en
rature (7) etant acUonne pour commander le resine durcie, vers le bas, dans
la resine pho-  3s  moyen de commande de fonctionnement (31), todurcissable
liquido (3) stockee dans le reci-    pour emp~cher le demarrage de
l'operation de pient (2), de manibre quo chaque couche soli-
fabrication d'un objet tridimensionnel, lorsque difiee on rdsine durcie
soit revetue d'une nou-    la temperature de la resine photodurcissable
velle couche de resine photodurcissable liqui-     liquide (3) stockee dans
le recipient (2) est de (3), qui est onsuite exposee au faisceau   40
inferieure & une limite inferioure predetermineo lumineux (21) vonant du
moyen de production        et pour arreter l'operation de fabrication d'ob-
du faisceau lumineux (14), de fagon a consti-      jets tridimensionnels
,lorsque la temperature tuer une nouvelle couche solidifioe on resine
de la liquide photodurcissable (3) stockee dans 



durcie, superposee rigidement & la couche so-      le recipient (2) est
superieure A une limite lidifieo positionneo dans la resine photodurcis-
45  superieure predetorminoe. sable liquide (3), pour constituer un objet
tridi- mensionnel (42), on resine stratifiee, durcie,  6. Un dispositif
solon l'une quelconque des re- caracterise par un moyen de mesure de tom-
vendications  prdcddentes, dans lequel le p6rature (5), destine A mesurer
la tomperature     moyen de production de faisceau lumineux de la resine
photodurcissable liquido (3) stoc-  so  (14) comprend une source de
faisceau lumi- k6e dans le recipient (2) et emettant un signal    neux
(20), destineo a produire un faisceau de mesure, un moyen de chauffage (4)
destine       lumineux laser, un organe de commande de a chauffer la resine
photodurcissable liquide      faisceau lumineux (24) destin6 & commander
(3) stockee dans le recipient, ot un moyen de      l'intensit6 du faisceau
lumineux laser, un dis- commande de temperature (3) destine & com-   s5
positif de focalisation (25), equipe d'une lentille mander le moyen de
chauffage (4) d'apres le        de focalisation (26), pour focaliser le
faiscoeau signal de sortie de mesure obtenu depuis le        lumineux
laser, de manibre & constituer un moyen de mesure de temperature (5), de
fa-         point lumineux de faisceau predetermin6 sur la    21
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surface de la resine photodurcissable liquide      surface de Ia resine
photodurcissable liquide (3) stockde dans le recipient (2), un premier
(3) stockee dans le r6cipient (2) A un niveau appareil de balayage &
faisceau lumineux (16)      constant. comprenant un miroir mobile (19)',
destine a permettre le balayage, par le faisceau lumi-   6   11. Un procede
de fabrication d'un objet tridimen- neux, de la surface de la r6sine
photodurcissa-    sionnel en resine durcie & partir d'une r~sine ble
liquide (3) stockee dans le recipient (2),     photodurcissable liquide (3)
stockde dans un dans une premibre direction de balayage, un
recipient (2), le procdd4 comprenant les etapes deuxieme organe de balayage
a faisceau lumi-       d'application d'un faisceau lumineux (21) & des neux
(15), comprenant un deuxibme miroir mo-  10   couches successives de rdsine
photodurcissa- bile (19) destinE & produire le balayage par le    ble
liquide (3), dont chacune constitue la surfa- faisceau lumineux de la
surface de la resine       ce superieure de la resine photodurcissable
photodurcissable liquide (3) stockee dans le       liquide stockde dans le
recipient (2), de fagon recipient (2), dans une deuxibme direction de
& faire passer chaque couche de resine photo- balayage, perpendiculaire &
la premibre direc-  15  durcissable liquide (3) en un etat solidifl6 de
tion de balayage, et un moyen de ddviation         resine durcie at a
d6placer chaque couche (22, 23), prdvu pour diriger le faisceau lumi-
successivement solidifi~e de rdsine durcie vers neux laser sur les premier
et deuxibme miroirs     le bas, dans la rdsine photodurcissable liquide
rotatifs, en suivant une trajectoire preddtormi-   (3) stockee dans le
r~cipient (2), de manibre nde.                                       20
que chaque couche solidifiee de resine durcie J>
soit revetue d' une nouvelle couche de resine 7. Un dispositif selon I'une
quelconque des re-        photodurcissable liquide (3), qui est ensuite
vendications precedentes, dans lequel les          exposes au faisceau
lumineux (21), de manibre moyens mobiles (28) comprennent un disposi-
& constituer une nouvelle couche solidifies de tif 6levateur (78), ayant
une partie susceptible  25  resine durcie, superposee rigidement & la cou-
d'8tre montee et abaissee selectivement dans       che solidifies
positionnee dans la resine photo- la resine photodurcissable liquide (3)
stockee     durcissable liquide (3), pour constituer un objet dans le
r~cipient (2).                             tridimensionnel (42) en resine
durcie stratifide, procede caractErisE par les etapes de mesure &  Un
dispositif selon la revendication 7, dans   9o   de la temperature de la
resine photodurcissa- loquel le dispositif elevateur (8) comprend un
ble liquide (3) stockde dans le recipient (2) et plan so presentant sous
forme de plaque (9),       production d'un signal de sortie de mesure, et
pouvant Stre immergE dans la resine photodur-      chauffage de la resine
photodurcissable liquide cissable liquide (3) stockee dans le rdcipient
(3) stockee dans le recipient (2), en fonction du (2), pour supporter la
couche solidifiee de resi-  36  signal de sortie de detection de mesure de
ne durcie, et un moteur pas-&-pas (12) destinE     temperature, de fagon &
diminuer la viscositE & ddplacer le plan en plaque (9), de fagon & le    de
la rdsine photodurcissable liquide (3) stoc- faire monter et descendre
s~lectivement, pas       kee dans le recipient (2). par pas, Ia valour du
pas etant predddterminee. par pas, IEL valour du pas dtant pr~d~termin~a 40
12. Procede solon la revendication 11 dans loquel 9. Un dispositif selon la
revendication 8, dans        le recipient (2) comprond un materiau conduc-
lequel le moyen dEplagable (8, 28) comprend,       tour de l'electricite et
I'etape de chauffage 



on outre, un capteur de position (28), prevu       comprend un chauffage
par induction a haute pour detecter la position du dispositif dldvateur
frequence du materiau conducteur de l'electri- (8) en direction verticale
par rapport a la surfa-  45  cite, pour y provoquer des courants de Fou- ce
superieure de la resine et pour produire un     cault par induction
6lectromagnEtique, donnant signal de sortie de detection de position, et un
un chauffage par effet Joule du materiau organe de commande de dispositif
el6vateur         conducteur de l'electricite. (29), agissant pour
commander le moteur pas a pas (12) on fonction du signal de sortie de   6
13. Un procede selon la rovendication 11 ou la detection de position venant
du capteur de         revendication 12, dans lequel l'etape de mesu-
position (28).                                     re de la tempErature de
la resine comprend la mesure de cette temperature sur la surface 10. Un
dispositif selon l'une quelconque des re-       supdrioure de la resine (3)
dans le recipient vendications  prEcddentes, comprenant un   65       (2).
moyen d'amen~e de resine (47), prevu pour amener la resine photodurcissable
liquide (3)   14. Un procede selon la revendication 11, la reven- dans le
recipient (2), de manibre & maintenir la   dication 12 ou la revendication
13, dans loquel 12    23                 EP 0 376 671 B1
24      II       B      Ic   I I'6tape d'application d'un faisceau lumineux
comprend les 6tapes de production d'un fais- ceau lumineux laser (21),
commande de lin- tensit6 du faisceau lumineux laser (21), focali- sation du
faisceau lumineux laser (21) pour   5 obtenir un point lumineux de faisceau
pred6- termin6 sur la surface de la resine photodurcis- sable liquide
stockde dans le r~cipient (2), et balayage par le faisceau lumineux (21) de
la surface de r~sine photodurcissable liquide (3)  10 stockde dans le
r~cipient (2), dans une premib- re direction de balayage puis dans une
deuxib- me direction de balayage, perpendiculaire a la premibre direction
de balayage. 15 15 Un proc~d4 selon l'une quelconque des reven- dications
11 et 14 comprenant 1'6tape d'ali- mentation d'appoint en rdsine
photodurcissable liquide (3) se trouvant dans le r~cipient (2), pour
maintenir a un niveau constant la surface   20 de la r~sine
photodurcissable liquide (3) stoc- kee dans le r~cipient (2). 25 30 35 40
45 50 55 13    


