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(54) Title: METHOD FOR PRODUCING A THREE-DIMENSIONAL BODY
(54) Bezeichnung : VERFAHREN ZUR ERZEUGUNG EINES DREIDIMENSIONALEN KORPERS

Fig. 1

(57) Abstract: The invention relates to a method for
producing a three-dimensional body (3) in a
stereolithographic process. According to said
method, a photosensitive material (9) is cured by
radiation, measuring radiation is coupled into a
reference layer (80) and, as a result of internal
reflection, remains predominantly within the
reference layer (80), and the detection of the
measuring radiation is locally resolved and time
resolved by a sensor (5).

(57) Zusammenfassung: Verfahren zur Erzeugung
eines dreidimensionalen Korpers (3) in einem
stereolithographischen ~ Prozess, = wobei  ein
fotosensitives Material (9) durch Strahlung
ausgehértet wird sowie die Mess-Strahlung in eine
Referenzschicht (80) eingekoppelt wird und durch
die interne Reflexion zum iiberwiegenden Teil
innerhalb der Referenzschicht (80) bleibt, und die
Mess-Strahlung durch einen Sensor (5) orts- sowie
zeitaufgeldst erfasst wird.
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Method for Producing a Three-Dimensional Body

The invention refers in general to a stereolithography appa-
ratus for producing a three-dimensional body by curing a photo-
sensitive material layer by layer, and it also refers in general
to a method for accelerating the production process by a space-
resolved and time-resolved measuring technique; wherein the ap-
paratus comprises the following:

— a reference layer;

a radiation source for generating the specific radiation
required for the curing;

-~ a sensor; and

— at least one passive radiation source for generating a

measuring radiation.

The invention refers in particular to a method for producing
a three-dimensional body in a stereolithographic process, where-
in a photosensitive material is cured by radiation.

In stereolithography systems, see for instance EP 2 173 538
Bl, a photosensitive fluid is transformed into a layer of a
three-dimensional body under the effect of a suitable radiation,
e.g. ultraviolet radiation. The invention deals with the accel-
eration of such a stereolithographic process by an optical meas-
uring method which can be used in such a system.

Stereolithography usually is understocod to mean a process
which allows to produce a three-dimensional body by arranging
individual layer formations next to each other. Said basic prin-
ciple is also known under the names of rapid prototyping, 3D
printing, additive manufacturing, etc.

Apart from controllable laser sources, also radiation
sources are employed in stereolithographic processes, said radi-
ation socurces creating the layer formation by the use of digital
mask exposure systems, so-called MEMS or DLP chips, or displays.
The advantage of pixel-based exposure systems lies in the fact
that the entire layer formation is produced all at once, whereas
in case of laser-based systems the laser beam has to move along
the geometry of the layer. In this connection, the curing of the
photosensitive material takes place on a reference layer or ref-
erence plane: this can be the surface area of a base or another
suitable defined area, and depending on the application it can
have a sclid, flexible or fluid form. After the solidification
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of a layer, said layer has to be separated from the reference
layer as carefully as possible by a relative movement between
the reference layer and a carrier area to which the created lay-
er shall adhere. After the successful separation of the created
layer, a new material which is well suited for solidification is
fed in between the reference laYer and the most recently formed
layer; this can for instance be ensured by a simple lifting
movement of the carrier area. Then the photosensitive material
that has flown thereinto can again be cured by radiation. In or-
der to create the desired three-dimensional object, the de-
scribed individual method steps will be repeated until all lay-
ers required for the formation of the body or the object will
have been generated.

The drawbacks of such a stereolithography process are the
long process times and waiting times which arise during the sep-
aration of a layer. Said times constitute a large part of the
entire process time. Furthermore it is disadvantageous that ex-
posure errors cannot be detected, and that it may happen that
there will be no adherence to the carrier area; also the setting
of the starting position as well as of the zero position of the
system 1is problematic.

From prior art there is known to integrally measure the
pull-off forces in a stereoclithography process during the sepa-
ration of the created layer from the reference layer at the car-
rier platform. One example of such a method is described in EP 2
043 845 Bl, wherein a force sensor is fixed at a construction
platform or a carrier platform. Said sensor enables the measure-
ment of the pull-off forces occurring during the detachment of
an only just formed component layer or of the component from a
reference layer. Thereby, the construction process can be accel-
erated. The force sensor described in EP 2 043 845 Bl - which
can for instance be implemented as strain gauges - measures in
the described arrangement the sum of the forces generated at the
produced layers during removal thereof. In this connection it is
disadvantageous that only the sum of the forces occurring during
the separation of several component layers can be detected, but
not the separation force of a certain component or a certain
layer. It is also only possible to measure the totally occurring

separation force as a function of time. Furthermore, it is also
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not possible to make any statements on and draw any conclusions
about the dependency of the force on the layer geometry of an
individual body, and, thus, also no statement can be made with
regard to the fact whether in case of the simultaneous produc-
tion of several bodies all bodies will actually be constructed
reliably and completely. Moreover, in the known methods no con-
clusions can be drawn with regard to the polymerization process
of the layer or of the body.

Hence, the object of the invention is to eliminate the
above-mentioned disadvantages and to enable a simple, gquick,
trouble~free, continuous, economic as well as self-checking pro-
duction of three-dimensional bodies by means of an improved
technique (apparatus, method).

In particular, it is the object of the invention to provide
a method of the kind mentioned at the beginning, in which an ex-
act statement on the process status is continuously possible,
and in which the simultaneous production of several bodies in a
stereolithographic process is facilitated, wherein also the sta-
tus of the individual processes or produced bodies/layers is en-
abled, respectively. In more detail, it shall be possible to
sense an interaction between a reference area/layer and the lay-
ers respectively formed.

According to an aspect of the invention, there is provided a
method for monitoring a stereolithographic process for producing
a three-dimensional body, comprising: curing a photosensitive
material by radiation to form the three-dimensional body in a
layer-by~-layer manner; coupling a measuring radiation by inter-
nal reflection into a reference layer in contact with the photo-
sensitive material during the curing thereof, such that the
measuring radiation remains predominantly within the reference
layer; and detecting the measuring radiation in a space-resolved
and time-resolved manner by a sensor.

In one embodiment, detecting the measuring radiation com-—
prises detecting a portion of the measuring radiation that
emerges from the reference layer in response to a disturbance of
the internal reflection inside the reference layer, the disturb-
ance being indicative of a deformation of the reference layer.

In one embodiment, detecting the measuring radiation

CA 3008902 2019-11-07
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comprises using the sensor to detect the portion of the measur-
ing radiation emerging from the reference layer simultaneously
in a plurality of measuring areas.

In one embodiment, the reference layer is flexible and at
least partially transparent to the measuring radiation.

In one embodiment, the reference layer consists of silicone.

In one embodiment, a total reflection occurs within the ref-
erence layer.

In one empodiment, coupling the measuring radiation compris-
es using an infrared radiation as the measuring radiation.

In one embodiment, detecting the measuring radiation com-
prises using a camera as the sensor.

In one embodiment, the camera i1s a CCD camera.

In one embodiment, detecting the measuring radiation com-
prises detecting polymerization heat arising in the stereolitho-
graphic process.

In one embodiment, the method further comprises determining
a status of the stereolithographic process on the basis of the
polymerization heat.

In one embodiment, detecting the measuring radiation com-
prises using the sensor to detect the entire reference layer.

In one embodiment, detecting the measuring radiation com-
prises using the sensor to detect the measuring radiation from
below the reference layer.

According to the invention, the present method for producing
a three-dimensional body is characterized above all by the fact
that a measuring radiation is coupled into a reference layer
and, as a result of internal reflection, predominantly remains
within the reference layer, and that the measuring radiation is
detected space-resolved (or locally resolved) and time-resolved
by a sensor. By proceeding in this way it is possible to contin-
uously monitor and sense the layer production process - and con-
sequently the 3D printing method or its progress - practically
selectively or area by area, and, in doing so, in particular to
also avoid unnecessary waiting times.

In this connection it is of particular advantage if by the
deformation of the reference layer the internal reflection is
disturbed, wherein measuring radiation will emerge from the ref-

erence layer. In this manner, a particularly exact detection of

CA 3008902 2019-11-07
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the progress of the process, in particular also area-wise, 1is

possible.
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In order to improve the measurement, it is further favorable
if the sensor measures the emerging measuring radiation in sev-
c¢ral measuring areas at the same time.

For the implementation of the measurement it is also advan-
tageous if the reference layer is flexible and at least partial-
ly transparent for the measuring radiation. In consequence of
the flexible formation of the reference layer, a deformation of
said reference layer will result under the impact of forces,
whereby the measuring radiation is influenced with respect to an
exact measurement.

Particularly advantageous results can further be obtained if
the reference layer consists of silicone. For carrying out the
measurement it is also favorable if a total reflection occurs
within the reference layer.

A particularly advantageous embodiment of the present method
is after all characterized by the fact that an infrared radia-
tion is used as a measuring radiation. If, thus, the sensor is
additionally adapted to measure the heat radiation occurring
during solidification of a layer of at least one body on the
reference layer, the curing can be controlled in an advantageous
manner.

In the present method or in the pertaining stereolithography
apparatus at least two measuring radiation sources, i.e. passive
radiation sources, and at least one associated measuring sensor
can be provided.

Furthermore, according to the invention conclusions can be
drawn at least qualitatively about the presence of an intermedi-
ate phase within the photoreactive substance by the detection of
the coupled-out, location and time dependent measuring radiation
from the reference layer. Said intermediate phase which - by at
least one inhibitor (e.g. oxygen) - does at least partially have
no or only a very small reactivity, forms a kind of an “inert”
lubricating film. Thereby the adhesive forces normally occurring
during the process can be reduced to a large extent and/or can
be reduced almost completely. As the emerging measuring radia-
tion is related to the adhesive forces, by the inventive method
conclusions can be drawn with regard to the presence of an in-
termediate phase in a space-resclved as well as time-resolved

manner during the process.
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The invention will be explained hereinafter even further by
means of preferred embodiments and by reference to the drawings.
In the drawings, in detail and in schematic form there is shown

in:

Fig. 1 a schematic view of an example of a stereolithography
system for the illustration of the present method;

Fig. 2 a view of a stereolithography system modified in compar-
ison therewith;

Fig. 3 a schematic diagram of an arrangement for the illustra-
tion of the measuring of a stray radiation;

Fig. 3a an arrangement simplified in comparison with Fig. 3;

Fig. 4 a further embodiment with an altered position of the
passive {(measuring) radiation source;

Fig. 4a the embodiment as represented in Fig. 4, but without a
separate base;

Fig. 5 schematically an example of a radiation information de-

tected by the sensor;

schematically a section through a part of a system, with

[0)}

Fig.
a modified measuring arrangement;

Fig. 7a a schematic diagram of a measuring arrangement for the
determination of the presence of an intermediate phase,
wherein it can for instance be assumed that the forces
are very small; and

Fig. 7b a schematic diagram in which the intermediate phase has
the height h, wherein h < H, and the measuring radiation
is coupled out.

Fig. 1 shows as an example an embodiment of a stereolithog-
raphy system 1, partially in section, wherein said system 1 is
used for the production of one or several three-dimensional bod-
ies 3 (see also Fig. 2 to Fig. 4) from individual layers which
are cured by an area-wise solidification by means of an actinic
radiation of a photosensitive material 9 contained in a trough 2
which forms a receiving space 14. The photosensitive material 9
contained in the receiving space 14 is a fluid, wherein the term
“fluid” here shall stand for fluids with any viscosity, includ-
ing suspensions and pasty substances.

One or more passive radiation source(s) 10, 11 is/are ar-

ranged such that a radiation difference arising from the defor-
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mation of a reference layer 80 can be detected by at least one
sensor 5. According to Fig. 1, a base 8 and the reference layer
80 inclusive of the pertaining walls form a trough 2 which
serves as a receiving space 14 for the photosensitive fluid ma-
terial 9. Here a “passive radiation source” shall mean such a
radiation source which is used as a measuring means, wherein its
radiation is not capable of solidifying the photosensitive mate-
rial 9 - neither by its intensity and/nor by the used wave-
length. A controllable radiation source, in particular light
source, 60 is for instance arranged below the trough 2, wherein
the emitted ray of the light source 60 is deflected for instance
by means of a mirror 7. Here, the mirror 7 can be designed such
that it will only reflect the radiation of the light source 60,
but is permeable to other wave length ranges. According to Fig.
1, there is arranged for instance an optical element 61, e.g. a
lens, in front of the radiation source 60, and the radiation
unit as a whole formed thereby is designated with 6. The radia-
tion source 60 can for instance emit conventional light, but al-
so IR or UV radiation.

A carrier area 4 can by moved by an actuator 12, for in-
stance a stepping motor drive, with respect to the receiving
space 1l4. The trough 2 is advantageously designed such that it
will be exactly aligned with and centered with regard to the
passive light source(s), e.g. 10, 11, as well as with regard to
the radiation unit 6 when it is inserted intoc the stereolithog-
raphy system, and that it can occupy a certain position with re-
gard to the passive light source(s) being present in the system
space 15, which position is favorable for the measuring method.
Advantageously, also the sensor can occupy any position within
the system space 15 which is useful for the measuring method.
The trough 2 itself can also be adapted such that it is capable
of deflecting the ray path of the passive light source(s) 10
and/or 11, see also Fig. 6, so as to enable for instance a
space-saving arrangement of the passive light sources 10, 11 in
a certain embodiment.

According to Fig. 1, the passive radiation is coupled into
the reference layer 80 from the side in order to uniformly
spread for instance by an internal total reflection (see Fig. 3)

within the reference layer 80. A control unit 13, for instance a
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control computer, controls the movements of the carrier area 4
as well as the entire process sequences which are required for
the production of the body 3 in the system 1, and also the light
source 60 or 6, and it also captures the passive measuring radi-
ation via the at least one sensor 5 in order to evaluate it.

In contrast to Fig. 1, Fig. 2 shows a design variant of a
stereolithography system 101 in which the passive radiation
sources 110, 111 are situated below the trough 2 in the system
space 15 and irradiate the bottom side of the trough 2 as well
as preferably illuminate it uniformly. Here, the at least one
sensor 5 1s also positioned in the system space 15, and it de-
tects the reflection or the stray radiation from the bottom side
of the trough 2 which is formed at least by the reference area
80, if applicable also by a base 8. In said embodiment, the pas-
sive radiation is not necessarily coupled into the reference
layer 80 or the trough 2, and the trough 2 does not have to be
completely transparent for the passive radiation; there must on-
ly be provided a certain reflection ability of the reference
layer 80 for the passive radiation.

In contrast to the embodiments according to Fig. 1 and Fig.
2, the system, e.g. 1, can also comprise a sensor 5 which is ca-
pable of detecting the exothermic solidification processes ini-
tiated by the radiation source 5. This then allows the at least
partial detection of the polymerization state of the formed lay-
er, e.g. 30, 31, 32, and it is also possible to draw conclusions
about the possible separation process of the created layer, e.qg.
30, 31, 32, by the reception of the radiation through the sensor
5.

Fig. 3 shows a detailed section through the receiving space
14 in which two bodies 60, 70 are produced. For a better under-
standing, in said Fig. 3 the reference layer 80 and the passive
radiation of the passive radiation sources 10, 11 coupled there-
into and transported by internal total reflection are schemati-
cally represented by means of exemplary zigzag-shaped geometric
ray paths. Fig. 3 also shows the deformation of the elastic ref-
erence layer 80 which is caused by separation forces Fl and F2
at the bodies 60 and/or 61. In this connection, the - optional -
base 8 conly serves as a support for the elastic reference area

80, In the shown representation, the separation forces Fl1 and F2
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are different, as the body 60 has a substantially larger cross-
sectional area than the body 70, and, thus, in the present exam-
ple it applies that Fl1 > F2, wherein as a result thereof also
the deformation of the reference layer 80 is different.

Hence, by the different deformation also the total reflec-
tion within the reference layer 80 is disturbed as a function of
the location, and, correspondingly, radiations 40, 50 are cou-
pled out of the reference layer 80 in a certain relation to the
respectively occurring separation force Fl, F2. In this connec-
tion, for an optimum adjustment of the total reflection within
the reference layer 80 the position of the passive light sources
10, 11 can be arranged for instance around an angle « in the
system space 15, but of course the passive radiation sources 10,
11 can be positioned freely in all space coordinates. Here, the
sensor 5 detects the position as well as the time-related behav-
ior (the course of intensity) of the stray radiation 40 or 50
which is dependent on the respective force, e.g. Fl or F2.

Fig. 3a shows an embodiment of the system 1 without a sepa-
rate base 8 and also in a schematic sectional view. Here, the
elastic reference layer 80 simultaneously constitutes the base
of the trough 2. This has the advantage that the stray radia-
tions 40, 50 as represented in said Fig. 3a are not decreased by
a further layer. In addition, the reference layer 80 can be de-
signed in its elasticity and thickness such that a desired car-
rying capacity of the trough 2 (in Fig. 1 and Fig. 2) for the
photosensitive fluid 9 is obtained, and this in case of a simul-
taneous “membranous” behavior of the reference layer 80 which
promotes the separation of the bodies 60, 70 and minimizes the
separation forces Fl, F2. For instance, by & thicker reference
layer 80 a passive radiation can be coupled into said reference
layer 80 more easily, and the position of the trough 2 or of the
passive radiation sources 10, 11 within the system space 15 (see
Fig. 2) may be adjusted in a less exact manner.

Fig. 4 also illustrates a section through the receiving
space 14 of a system in which the passive radiation sources 110,
111 are arranged below the trough 2 in a position in the system
space 15 and more or less uniformly illuminate at least the ref-
erence layer 80 as well as the optional base 8. By the separa-

tion forces Fl, F2 which are dependent on the cross-sectional
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area of the formed body/bodies 60 and/or 70, at least the elas-
tic reference layer 80 will be deformed as shown. In the repre-
sentation there is for instance once again illustrated that the
body 60 has a larger cross-sectional area than the body 70, and
therefore it can be assumed that the separation force F1l is
larger than the separation force F2. By the separation forces
Fl, F2 the elastic reference layer 80 will be deformed once
again in dependence on the location, and in accordance with the
size of the deformation of at least the reference layer a change
of the illumination by the passive radiation sources 110, 111
will follow. By the deformation there is effected a different
time-related and location dependent reflection behavior of the
trough 2 or of the reference layer 80 and/or of the base 8,
which, in turn, can be detected by the sensor 5.

Fig. 4a shows a design variant based on the system according
to Fig. 4, wherein once again the base 8 was omitted, similarly
to the case of Fig. 3a in relaticn to Fig. 3. Also here it has
once agaln to be proceeded from the fact that the reference lay-
er 80 is sufficiently soclid in order to be able to carry the
fluid 9 and the formed bodies 60, 70. Furthermore, similar to
Fig. 4, the rays of the radiation sources 110 and 111 are sche-
matically represented at 202 and 203. Finally, once again also
the respective radiation 50 or 40 is illustrated.

Fig. 5 illustrates as an example a space- and time- depend-
ent change of the intensity distribution of the passive radia-
tion as detected by the sensor 5 and caused for instance by the
impacts of the forces Fl, F2 and the time and location dependent
deformation resulting therefrom of the reference area 80 and, if
applicable, also of the base 8 of the trough 2, by a radiation
that is coupled out (see Fig. 3, Fig. 3a) or by a change of the
reflection (see Fig. 4 and Fig. 4a) in the measuring space 15
that is sensed by the at least one sensor 5. In this connection,
for instance in the area as sensed by the sensor 5 and in de-
pendence on the occurring deformation of the elastic reference
layer 80, there appear regions 61, 71 which depend on the dif-
ferent intensity distributions of the respective bodies 60, 70;
said intensity distributions will be detected in a time- and
space- (location-) dependent manner by the sensor 5 and they are

related to the occurring separation forces Fl, F2. When the sen-
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sor 5 1s for instance implemented as an infrared camera and when
an infrared radiation is used as a passive radiation, then the
sensor 5 will capture a certain measuring area of the measuring
space 15 as image information or video information which repre-
sents the geometric characteristic of the cross-sectional areas,
an intensity distribution in accordance with the occurring sepa-
ration forces Fl, F2, either in predetermined time-resolved
steps or continuously. Here, for instance in the regions 72 in
which no or less deformation will occur, less passive radiation
is detected by the sensor 5, and therefore they will appear in a
darker color in the total image that is captured by the sensor 5
than e.g. the regions 61, 71 in which a deformation of the elas-
tic reference layer 80 occurs.

It goes without saying that the person skilled in the art
can readily make various modifications and amendments on the ba-
sis of the embodiments of the invention as disclosed herein.

In Fig. 6 there is shown schematically, with a partially 1i1-
lustrated trough 2, an embodiment in which radiation sources
210, 211 provided below the trough 2 couple a radiation upwards
into the base 8 of the trough 2, which base 8 in turn is consti-
tuted again by the reference layer 80. In sald reference layer
80, in the ray path of the radiation sources 210, 211 there are
attached or formed obliquely arranged mirrors or light conduct-
ing elements 212 or 213 which are preferably made directly from
the material of the reference area, in order to deflect the
measuring radiation emitted by the radiation sources 207, 211
and to thereby couple said radiation into the base 8 or the ref-
erence layer 80. Even if this is not illustrated in detail in
Fig. 6, said coupling thereintc can once again, similar as in
Fig. 3, be carried out at an angle so that a total reflection of
the reference layer 80 is obtained (not illustrated in Fig. 6).

Besides, once again a sensor 5 can be provided at the bottom
side, as is shown in Fig. 1 through Fig. 5, and also a control
unit 13 can be attached, as is shown in Fig. 1 and Fig. 2.

Fig. 7a shows a detailed section through a receiving space
14 in which two bodies 60, 70 are produced. The photosensitive
material 9 comprises an intermediate phase 9' as is shown in
Fig. 7a. Said intermediate phase 9' has a reduced reactivity
compared to the material 9. Said reactivity difference - which
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leads to the formation of the intermediate phase 9' in the pho-
toreactive material 9 - can for instance be obtained by chemical
inhibitors, as for instance oxygen. Here, as is shown in Fig.
7a, the thickness H of the intermediate layer 9' has such a val-
ue (for instance 30, 50, 100 micrometers, etc.) that the inter-
mediate layer 9' prevents the generation of the separation forc-
es Fl, F2 at least as far as possible, if it will not sup-
press/prevent this formation completely. By the absence of the
separation forces, in the ideal case there will not take place
any coupling-out of measuring radiation. Thus, a conclusion
about the presence of a sufficient intermediate layer can be
drawn.

Fig. 7b shows - as Fig. 7a - a detailed section through the
receiving space 14, wherein in said schematic diagram a case is
represented in which the intermediate layer 9' has a thickness
h. Here, h is smaller than H (h<H). In the represented schematic
diagram also a possible borderline case is represented exempla-
rily, in which the intermediate layer 9' has dropped down to a
limit value h, for instance by the consumption of the inhibitor
or by process factors, so that measurable separation forces Fl
and F2 occur for the first time. Thereby conclusions with regard
to the fact where the borderline case of the intermediate layer
thickness has been reached can be drawn, 1f applicable in a
space-resolved and time-resclved manner, in order to initiate
process-related steps, if necessary, in order to regenerate
and/or actively recreate the intermediate layer 9'. This can for
instance be carried out by an additional and/or increased supply
of at least one inhibitor, by a change of an inhibitor concen-
tration (for instance oxygen-enriched air), by a corresponding
variation of the process factors like the exposure energy, wait-
ing times, lifting speed, etc., and/or by a systematic introduc-
tion of pauses.

Said changes contribute individually or in combination to
the increase cf the height extension of the intermediate layer
9'. By means of the described measuring method, alterations of
the intermediate layer 9', for instance by a systematic and
space-resolved (local) supply of inhibitcrs, which will only be
carried out in the region where the intermediate layer shall

specifically be increased or regenerated, can also be detected
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in a space-resolved and time-resolved manner. Said systematic
supply could also be carried out in dependence on the geometric
extension of the body or in dependence on the exposure area.
Thus, by the described measuring method the thickness of the in-
termediate layer 9' can be locally detected and increased in a

systematic manner in dependence on the extension of the body to

be produced.
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What is claimed is:

1. A method for monitoring a sterecolithographic process for

producing a three-dimensicnal body, comprising:

curing a photosensitive material by radiation to form the
three-dimensional body in a layer-by-layer manner;

coupling a measuring radiation by internal reflection into a
reference layer in contact with the photosensitive ma-
terial during the curing thereof, such that the measur-
ing radiation remains predominantly within the refer-
ence layer; and

detecting the measuring radiation in a space-resolved and

time-resolved manner by a sensor.

2. The method according to claim 1, wherein detecting the meas-
uring radiation comprises detecting a portion of the measur-
ing radiation that emerges from the reference layer in re-
sponse to a disturbance of the internal reflection inside
the reference layer, the disturbance being indicative of a

deformation of the reference layer.

3. The method according to claim 2, wherein detecting the meas-
uring radiation comprises using the sensor to detect the
portion of the measuring radiation emerging from the refer-
ence layer simultaneously in a plurality of measuring are-

as.
4. The method according to any one of claims 1 to 3, wherein
the reference layer is flexible and at least partially

transparent to the measuring radiation.

5. The method according to any one of claims 1 to 4, wherein

the reference layer consists of silicone.

o. The method according to any one of claims 1 to 5, wherein a

total reflection occurs within the reference layer.

7. The method according to any one of claims 1 to 6, wherein

coupling the measuring radiation comprises using an infra-

CA 3008902 2019-11-07
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red radiation as the measuring radiation.

8. The method according to any one of claims 1 to 7, wherein
detecting the measuring radiation comprises using a camera

as the sensor.

9. The method according to claim 8, wherein the camera is a CCD

camera.

10. The method according to any one of claims 1 to 9, wherein
detecting the measuring radiation comprises detecting
polymerization heat arising in the stereolithographic pro-

cess.

11. The method according to claim 10, further comprising deter-
mining a status of the stereolithographic process on the

basis of the polymerization heat.

12, The method according to any one of claims 1 to 11, wherein
detecting the measuring radiation comprises using the sen-

sor to detect the entire reference layer.

13. The method according to any one of claims 1 to 12, wherein
detecting the measuring radiation comprises using the sen-
sor to detect the measuring radiation from below the refer-

ence layer.

CA 3008902 2019-11-07
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Fig. 2
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Fig. 3
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Fig. 3a)
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Fig. 6
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Fig. 7a
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