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(57) Abstract: A stereolithography apparatus comprises a build plat-
form {402} with a build surface (403), a moving mechanism (2003)
configured to move said build platform (402) in. a working move-
ment range between first and second extreme positions, an optical
radiator (902) configured to project a pattern upon said build surface
(403) when said build platform (402) is in at least one predetermined
position between said, first and second extreme positions, an optical
imaging detector (501) having a field of view, installed and directed
so that a reflection of said projected pattern is within said field of
view when said build platform (402) is at said at least one predeter-
mined position, and a controller (502, 2001) coupled to said optical
imaging detector (501) for receiving optical image data from, said
optical imaging detector (501). Said controller (502, 2001) is con-
figured to use said optical image data to examine said build surface
(403) for exceptions from, a default form of said build surface (403).
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STEREQLITHOGRAPHY APPARATUS EQUIFPED FOR DETECTING SU-
PERFLUQUS MATERIAL ON BUILD PIATFORM, AND METROD QOF
OPERATING THE SAME

FIELD OF THE INVENTION

The invention concerns the technology of ste-
reclithographic 3D printing, also known as stereolith~
ographic additive manufacturing. In particular the in-
10 wvention concerns the utilization of cobtained image da-
ta in enhancing operating safety and reliability of a

stereclithography apparatus.

BACKGROUND OF THE INVENTIONW

15 Stereolithography is a 3D printing or addi-
tive manufacturing technigue in which optical radia-

.

tion 1s used to photopolymerize sultable raw material

J

to produce the degired object. The raw material comes
to the process in the form of a resin. A vat 1s used
20 to hhld an amount of resin, and a bulld platform is
moved in the vertical direction so that the object to
be produced grows layer by layer, beginning on a build
surface of the build platferm. The coptical radiation
used for photopolymerizing may come from above the
25  wvat, in which case the bulld platform moves downwards
through the remaining resin as the manufacturing pro-
ceeds. The present description concerns in particular
the so-called “hottom up? wariant of sterveolithogra-
phy, in which the photopolymerizing optical radiation
30 comes from below the wvat ahid the build platform moves
upwards away from the remaining resin as the manufac-
turing proceeds.

In general, making the operation of a stereo-
Lithography apparatus easy and straightforward for
3%  even inexperienced users involves several challenges.

For example, different resins are needed for manufac-
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turing different kinds of objects, and making full use
of their properties may regulre setting the values of
operating parameters of the stereolithography appa-

ratus accordingly. The user may consider it tedious

[

nd inconvenient to carry the responsibility of pro-
gramming the apparatus with the correct parameter val-
nes every time. The resins are relabtively expensive,
for which reason care should be taken to not allow too
much resin to enter the vat and to utilize as much of
10 the remaining resin as possible for actual manufactur-

[

ing jobs. The wviscous and sticky nature of resinsg

calls for as automatized handling of resin as possi-

Some particular problems in stereolithography

P}
o

arise from ensuring that the apparatus 1s ready for a
manufacturing job. In the “bottom up” wvariant 1t may
happen that some solidified resin remained attached to
the build platform after the previocus manufacturing
jobh. Such remaining pieces of solidified resin may
20 make it iwmpossible to bring the build platform to the
starting position for the next manufacturing job. The

apparatus may even suffer serious damage i1f the build

platform 1s not olean when the apparatus tries to
bring it to the starting position by force.

OBJECTIVE OF THE INVENTION

In the lighﬁ of these challenges, structural
solutions and operating practices are needed that
would make a stereolithography apparatis more conven-

30 dent to use by even inexperienced users and/or users
who need to simultanecusly concentrate on other tasks

as well.,

SUMMARY

i)

o

The invention 1is aimed to present a stereo-

lithography apparatus and a method of operating it so
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that the user would consider its use more convenient
and safe.

These and other advantageous aims are

achieved by equipping the stereolithography apparatus

5 with an optical imaging detector, the field of view of

which covers at least part of the working reglon of

the apparatus. The stersolithography apparatus may al-

so be equipped with one or more appropriately directed

optical radiators.

[
<

According to a first aspect, a stereolithog-
raphy apparatus comprises a build platform with a
build surface, a moving mechanism configured to move
said build platform in a working movement range be-

tween first and second extreme positions, an optical

n

radiator configured to project a pattern upon said

3

build surface when said build platform is in at least

one predetermined position between gaid first and sec-
ond extreme positicons, an optical imaging detector
having a field of wview, installed and directed so that

DY
oS

a reflection of said projected pattern is within said
field of view when said build platform is at said at
least one predetermined poesition, and a controller
coupled to said optical imaging detector for receivin
optical image data from saild optical imaging detector.
25  Baid contreller is configured to use said optical im-
age data to examine sald builld surface for exceptions
from a default form of said build surface,

In an embodiment of the stereolithography ap-

paratus saild optical radiator is configured to project

b

(o8]
oy

3 said pattern upon an affected part of said build sur-
face, said affected part changing position across sald
build surface when said build platform moves through a
range of positions between sald first and second ex-

trame positions.

Pant
Y

In an embodiment of the stereolithography ap-~

w

paratus sald optical radiator is a laser configured to
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east one distributed pattern of laser

b

project at
light upon said affected part of said build surface.
in an embodiment of the stereclithography ap-
paratus saild laser comprises at least one laser source
H  and at least one lens configured to distribute a line-
ar laser beam produced by sald laser source into a
fan-like shape.
In an embodiment of the stereclithography ap-

paratus said controller is configured to either allow

N

foud
g

the operation of the stereolithography apparatus to
continue as a response to finding no exceptions from
said default form of said bulld surface, or prevent or
interrupt operation of the stereolithography apparatus
as a response to finding exceptions from said default
19 form of saild build surface.

n ar

P~
yod

mbodiment of the stereolithography ap-

paratus gald optical radiator 1is configured to only

D

mit optical radiaticn of wavelengths longer than or

at most equal to a predefined cuteff wavelength that

i
f
<
bt

iz longer than wavelengths used to photopolymerize
resins in stereolithography.

Acceording to a second aspect, a method of op-~
erating a stereclithography apparatus conpriges opti-
cally projecting a pattern upon a builld surface of a

25 bulld platform of said stereclithography apparatus,
generating a digital representation of an optical im-
age of that portion of saild build surface upon which

ttern 1ls projected, and using said digital rep-
resentation to examine sgald bulild surface for excep-
from a default form of gsaid build surface.
In an embodiment of the method said pattern
is a distributed pattern of laser light upon a part of
sald bulld surface.

In an embodiment of the method said pattern

109
[

comprises a line across said part of said build sur-~

3

face, and the method comprises detecting from said
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digital representation any optically appearing irregu-
larities of said line.

In an embodiment of the method it comprises
comparing a representaticn of a reflection of said
pattern found in saild optical image to a default rep-
resentation of said pattern, and either allowing the
operation of the stereolithography apparatus to con-
tinue as a response to finding said representation of

sald pattern to be the same as sald default represen-

tation, or preventing or interrupting operation of the
stereolithography apparatus as a response to finding

sald representation of said pattern to differ from
said default representation.
It is to be understood that the aspects and

o

embodiments of the invention described above may be

3

used in any combination with each other. Several of
the aspects and embodiments may be combined together

—

form a further enbodiment of the invention.

-
O

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included
ide a further understanding of the invention
and constitute a part of this specification, illus-
trate embodiments of the invention and together wit!
the description help to explain the principles of the
invention. In the drawings:
Figure 1 illustrates a stereolithography ap-
paratus in a front view with its 1id closed,
Figure 2 i1llustrates a stereolithography ap-
paratus in a side view with its 1lid closed,

Figure 3 illustrates a stereolithography ap-

o
|5
ot
-

paratus in a front view wit id open,

Figure 4 illustrates a stereclithography ap-
paratus in a side view with its 1lid open,

Figure 5 illustrates an example of an opera
ing position of an optical imaging detector in a front

view,
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Figare 6 illustrates an example of an operat-

Fag

ing position of an optical imaging detector in a side

view,

graphically represented information on a wvisibl

face of

Figure 7 illustrates an example of a working

region of a stereolithegraphy apparatus,

Figure 8 illustrates an example of using

@
o0
pons
o
3
v

a resin tank,

Figure 9 illustrates an example of using op-

tical radiators in a front view,

Figure 10 illustrates an example of using op~

tical radiators in a side view,

optical

optical

optical

optical

optical

vat,

optical

vat,

optical

vat,

optical

vat,

optical

diagram

Figure 11 illustrates an example of using an
radiator to examine a bulld surface,

Figure 12 illustrates an example of using an
radiator to examine a build surface,

Figure 13 illustrates an example of using an
radiator to project a pattern upon a vat,
Figure 14 illustrates an example of using an
radiator to project a pattern upon a vat,
FPigure 15 illustrates an example of using an

radiator to measure the amount of resin in a

Figure 16 illustrates an example of using an

radiator to measure the amount of resin in a

FPigure 17 illustrates an example of using an

radiator to measure the amount of resin in a

Figure 18 illustrates an example of using an

+ P 1y o)
i resin 1n o oa

radiator to measure the amount o
Figure 18 illustrates an example of using an
imaging detector to examine a build surface,
Figure 20 illustrates an example of a block
of a stereolithography apparatus,

Figure 21 illustrates an exanple of a method,
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Figure 22 illustrates an example of a method,

Figure 23 illustrates an example of a method,

Pigure 24 illustrates an example of a method.

DETATLED DESCRIPTION

Figs. 1 to 4 illustrate an example of a ste-
reolithography apparatus. The apparatus could also be
called a stereolithographic 3D printer, or a stereo-

lithographic additive manufacturing apparatus. Basic

1o

parts of the apparatus are a base part 101 and a 1id
102, of which the 1lid 10Z is movably coupled to the

base part 101 sco that it can move between a closed po-
sition shown in figs. 1 and 2 and an open position
shown in figs. 3 and 4. Here the direction of the
movement is vertical, but this is not a regquirement;
the movement of the lid 102 4in relation to the base
part 101 could take place in other directions. An im-
portant advantage of a movable 1lid of thig kind is
hat an ongoing stereclithoegraphic 3D printing process
can be p**twbtcd from any interfering external optical
radiation by closing the lid 102
A wvat 401 is provi(ed in the base part 101
for holding resin for use in the stereclithegraphic 3D
erinting process. If the wvat 401 is not a fixed part
of the stereolithography apparatus, the base part 101
may comprise a holder for recegiving a removable wvat.
The holder may be for example a table 405 having an
essentially horizontal upper surface on which a wvat
401 is placeable. Additionally or alternatively the
holder may comprise support rails, alignment aids,
locking mechanisms, and/or other comparable wmeans con-

figured to support a vat and/or to ensure that it as-

H

sumes and remains in the appropriate location. In this
description all references to the vat 401 are to be

understood to cover both a fixed vat arrangement and
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w

an arrangement in which a removable vat 401 can be re-
ceived in a holder of sald kind.

A build platform 402 with a build surface 403

is suppocrted above the vat 401 so that the build sur-

5 face 403 faces the valbt 401. This arrangement is typi-

cal to the so-called “bettom up” variant of stereo-

},_.J
)__( -
ot

hography, in which the photopolymerizing radiation

the vat 401 is

comes from below the vat. The bottom of

r can be sgelectively made transparent or translucent

-
Ie
{2

for the kind of radiation used for said photopolymer-

A moving mechanism is provided and configured

1

to move the build platform 402 in a working movement

range between first and second extreme positions. OFf

these, the first extreme position ig the one prowimal

s
(&g

1,

to the vat 401, and the second extreme position is the

one distant from the vat 401. In the first extrems

20~

s

gition the bulld surface 403 is very olose to the bot-
tom of the vat 401. The first lavyer of the object to
20 be manufactured will be photopolymerized onte the

build surface 403 when the build platform 402 is in

1

the first extreme position. Conseguently, 1in said
first extreme position the distance between the build
surface 403 and the bottom of the vat 401 is in the

ordexr of the thickness of one layer in the stereolith-

1A
[$3)

ographic 3D printing process.

The position shown in figs. 3 and 4 may be
the second extreme position, or at least closer to the
gec fi

-

sond extreme position than to the Lrst extreme po-
30 sition. A working region of the stersolithography ap-
paratus may be gald to exist between the wvat 401 and
the second extreme position of the build platform 402,
because the object to be manufactured will appear
within this region. The build platform 402 does not
35 need to move up to or even close to the second extreme
position during the manufacturing of an obiect; the

second extreme position may be most useful for making
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it easier to detach a manufactured object from the
build platform 402 once the object is complete.

In the embodiment of figs. 1 to 4 the moving
mechanism for moving the build platform 402 is inside
the base part 101, and only represented by the two
slits 301 seen in a vertical surface of the base part
101, as well as the horizontal support 404 of tLhe
build platform 402. There is alse a similarly hidden
moving mechanism for moving the 1lid 102 with respect
to the base part 101. This second moving mechanism may
comprise parts inside the base part 101 and/or parts
ingide the 1lid 10Z., Enclosing egsentially all moving
mechanisms within the casings of the base part 101
and/or the 1lid 102 involves the advantage of added
safety, because it makes 1t l1mprobable that a userx
could get injured by any moving parts of such mecha-
nisms.

The horizontal support 404 of the build plat-
form 402 is shown only schematically in the drawings.
In a practical implenmentation a support of the build
platform 402 may comprise various advanced technical
features, like Jjoints and/or fine tuning mechanisms
for ensuring that the orientation of the build surface
403 is appropriate. However, such features are out of
the scope of this description and are therefore omit-
ted here.

Another feature of the exemplary stereo-
lithography apparatus of figs., 1 te 4 iz a user intexr-
face, which in this example comprises a touch-
sensitive display 103 in the lid 10Z. The user inter-
face may comprise various functions for implementing
interactions between the appgaratus and its user, in-
cluding but not being limited to buttons for control-
ling the movements of the 1lid 102 and the build plat-
form 402. A touch-sensitive display ig an advantagecus
feature of a user interface in particular 1f the ste~

reolithography apparatus is to be used in environments
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where thorough cleaning and disinfecting are regulariy
required, like at medical and/or dental clinics, Plac~
ing a touch-sensitive display 103 and/or other parts

of the user interface in a front part of the 1lid 102

You

b is advantageous, because it makes such parts of the
uzer interface easily accessible te the user. As such,
at least some parts of the user interface could be im~
plemented in the base part 101, Yet another possibil-~

ity is to implement at least a part of the user inter-

s
<

face in a suitably programmed portable user device,
like a tablet or smartphone, so that short-distance
wired or wireless communications are set up between
the stereclithography apparatus and the portable usex
device.

15 Significant advantage can be gained Dby

croviding the stereolithography apparatus with an op-

tical imaging detector, installed and directed so that

at least a part of the working region is within the
field of view of the optical imaging detector. If the

20  optical imaging detector i1s movable between at least
one operating position and some other positions, the
working regilon should appear within the field of view

of the optical imaging detector at least when the op-

tical imaging detector ig in said operating position.

()
e

An optical imaging detector is a device that is capa-
ble of preoducing optical image data indicative of what
can be optically detected within its field of view.
Most optical imaging detectors can be characterized as

(digital) cameras, but there are e.g. optical imagin
I3 i 4 by .

o

(9]
<

detectors working on other wavelengths than visible
light, which may not necessarily be commonly referred
to as cameras. In order to maintain general applica-
bility the term optical imaging detector is used in

this description.

35 Figs. 5 and 6 illustrate schematically an ex-
ample of how an optical imaging detector 501 may be

installed on the inside of the lid 102. Closing the
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lid 102 brings the optical imaging detector 501 into
an operating poesition, in which at least a part of the
working region is within 1ts field of view. Thig is

.

illustrated also in fig. 7, in which the 1lid is omit-~
ted for graphical clarity. The optical imaging detec-
tor 501 could be placed in some other part of the lid
102 than what is shown schematically in figs. 5 and 6.
Flacing the optical imaging detector 501 on the inside
of the lid 102 invelves alsc additional advantages,
like the fact that its location is well protected and
the possibility of making the optical imaging detector
move with the lid along a well-defined trajectory. The
latter is a useful characteristic in some possible us-
es of the optical imaging debtector.

A yet further alternative way of supporting
the optical imaging detector 501 would be to fix it to
the base part 101, for ezample through a telescopic or
foldable support arm so that a user could move it
aside when not needed, or so that the stereclithogra-
phy apparatus could automatically bring the optical
imaging detector to the operating position only when
needed. The optical imaging detector 501 could also be
installed somewhere in the sawe vertical surface that
has the slits 301 along which the support 404 moves
the build platform 402.

The stereolithoegraphy apparatus shown  in

Ut

fige. 5 and 6 comprises a controller 50Z coupled to
the optical imaging detector 501 for receiving optical
image data from the optical imaging detector 501. The
controller 502 may be configured to use such cptical
image data in controlling operaticn of the stereo~
lithography apparatus. Examples of such controlling
are described in more detail later in this text. The
coupling between the optical imaging detector 501 and
the controller may be a wired coupling or a wireless

coupling, or it may comprise both wired and wireless
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elements either as alternatives of each other or aug-

The controllex 2 is shown as installed in
the 1lid 102 in figs. 5 and 6, but it could alterna-
tively be installed in the base part 101. The control-
ler functionality could even be distributed so that

some parts of it could be implemented with circuits

]

located in the 1id 102 while other parts of the con-

¢

troller functionality could be implemented with cir-
cuits located in the base part 101. Placing the con-
troller in the 1lid 102 may be advantageous 1if also a

significant portion of the other electronics, like the
I

Q’T)

iser interface, is placed in the lid 102, because wir-

—

fout

ng may become simpler. The user interface I1s not
shown in figs., 5 and 6 in order to enhance graphical
clarity.

The controller 502 may be configured to exe-
cute a wmachine vision process to recognize objects
from the optical image data it receives from the opti-

1

imaging detector 501, The optical image data is

Gk

essentially a digital representation of an image rec-
orded by the optical imaging detector 501, and machine
vigion in general means extracting information from an

image., Thus by executing a machine vision process the
controller 502 is capable of extracting information
that enables recognizing varicus objects seen by the
optical iwmaging detector 501. The contreller 502 may
be configured to make decisions based on such recog-
nized obijects.

One example of an object that the controllerx
502 may recognize d1s a resin tank, or a piece of
graphically represented information carried by a resin
tank. In order to provide some background for this
kind of applicaticns, the task of resin handling is
described in some more detail in the following.

The resin that is to be used in the stereo-

¢

lithographic 3D printing process may be brought to the
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stereolithography apparatus in a resin tank, The des-
ignation “resin tank” 1s usged in this text as a gen-
eral descriptor of any kinds of containers that may

adiness for the resin to be used in a

jm
o
fot
2
ky
6}
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utereoiitnographic 3D printing process. The stereo-
lithography apparatus may comprise a holder for remov-
ably receiving a resin tank to an operating position
in the stereclithography apparatus. An example of such

a holder is illustrated in fig. 7 with the reference

(..

~J

10 designator 701. FPFroviding a holder for removably re-

eiving a resin tank involves the advantage that the

[¢5]

user may easily exchange resin tanks to ensure the use
of the most cptimal resin for sach stereclithographic
3D printing job

15 A resin tank that can be removably received
in the holder 701 may have the form of an elongated
capsule, preferably with a cover or plug covering an
opening in one end, and with an outlet appearing in
the other end. The outlet may be equipped with a

20 valve, seal, plug, or some other means that keep the

regin from escaping the resin tank unless explicitly

Ny
Y

ssired. Such an elongated, capsule-formed resin tank
can be removably received in the holdexr 701 sce that

the end with the opening is upwards, and the outlet is

bl

toL

A

in or c¢logse to the wat 401 or <¢losge to a channel

through which resin may flow to the vat 401,

In the example embodiment of fig, 7 a piston
702 is attached to the same support 404 as the build
PY

platform 402. When the build platform 402 moves down-
30 wards in order to assume the first exmtrems position,

4 1,

which is the starting peosition for producing a new ob-~

ject, the piston 702 moves downwards in concert with
the builld platform 402. This wmovement of the piston

702 pumps the resin out of the resin tank that was re-
T

ceilved in the holder 701, so that the resin flows out

[
(O8]
[y

of the outlet and into the vat 401. The cover or plug
1

“hat covered the opening in the upper end of the resin
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tank must naturally have been removed before that, as
well as the means that cloged the outlet, unless some

mechanism is provided tha automatically openg the

It must be noted that making the piston 702
move in concert with the bulld platform 402 is only an
exanple implementation. It involves the advantage that
only one moving mechanism is needed to move two parts.
However, in some applications 1t may be desirable to
be able to control the delivery of resin into the wvat
401 independently of the movement of the build plat-
form 402. For such applications an embediment can be

N

presented in which there are sgeparate mechanisms for
moving the build platform 402 and for delivering resin
from a resin tank to the vat 401. Such a separate
mechanism may involve for example a piston that is
otherwise like the piston 702 in fig. 7 but supported
and moved by a moving mechanism of its own.

Only one holder 701 for one resin tank is
shown in the drawings, but the stereolithography appa-
ratus may comprise two or more holders, and/or a sin-
gle holder may be configured to receive twoe or nore
resin tanks. In particular if there are separate mech-
anisms for pumping resin from different resin tanks to
the wvat 401, the provision of places for receiving
multiple resin tanks involves the advantage that dif-
ferent resing can be used automatically, even during
the manufacturing of a single object. Such a feature
may be useful for example 1f the object to be manufac-
tured should exhibit a sliding change o©f color. The
stereolithography apparatus might comprise two tanks
of differently plgmented resin, and these could be de-
livered to the wvat in selected proportions so that the
resulting mix of resins in the wvat would change its
color accordingly.

Fig. 8 illustrates schematically a case in

which a resin tank 801 has been received in the holder
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701, A visible surface (visible in the field of wview
of the optical imaging detector 501) of the resin tank
BOL ig provided with a pilece 802 of graphically repre-
santed information. In the example of fig. 8 a barcode
is used, but any other form of graphically represented
information could be used, 1like a QR code or a color
or color combination of the resin tank 801 or a part
of it. The use of graphically represented information
involves the advantage that it can be read with an op-
tical imaging detector, for which there may be also
other advantageous uses in the stereolithography appa-
ratus.

The information carried by the pilece B0Z of

graphically represented information is or reveals ad

vantageously something that 1g pertinent toe just that
resin that is contained in that particular resin tank
801. Additionally or alternatively the information
carried by the piece 80Z of graphically represented
information may be or reveal something that is pertim
nent to that particular resin tank itself. Said infor-
mation may contain for example one or more of the fol-
lowing: an identifier of resin contained in the resin
tank 801, an indicator of amount of resin contained in
the resin tank 801, a manufacturing date of resin con-
tained in the resin tank BOL, a best before date of
resin contained in the resin tank 8§01, unigue identi~
fier of the resin tank 801, a digital signature of a
provider of resin contained in the resin tank 801.

As an interesting special case, the infor-
mation carried by the pilece 802 of graphically repre-
gented information may contain a piece of parameter
data. The controller %02, onn the other hand, may be
configured te use such a piece of parameter data as a
value of an operating parameter of the stereolithogra-
chy apparatus. An operating parameter 1is a specific
measurable quantity, the value of which has a direct

effect on how the stereolithograpic 3D printing pro-



WO 2020/002756 PCT/F12019/050196

16

ceeds. Examples of such operating parameters include
but are not limited to the feollowing a preheating
temperature of resin, a laver exposure time, a layer

¥

wess, a moving speed of a bulld platform, or a

(@]

waiting time between two successive method steps in
stereolithographic 3D printing

The concept of u ing a removably attachable
rasin tank to convey a value of an operating parameter
to the stereclithography apparatus can be generalized
10 to cover other than graphically represented infor-
mation. Examples of such other ways include but are

~

not limited to using various kinds of memory circuits

attached to and/or embedded in the material of such a
resin tank. In a general case the resin tank comprises

5 a machine-readable identifier of the resin tank, and

et

the stereolithography apparastus comprises a reader de-~
vice configured te read in parameter data from a ma-
chine-readable identifier of a resin ftank. The reader
device may comprise contact members in the holder 701
20 so that receiving a resin tank in the holder simulta-

de

ts the reader device to said machine~

fute
e}

necusly connec
readable identifier. Alternatively the reader device
may be a wirelegsly reading reader device configured
to perform sald reading of parameter data without di-

rect physical contact between said reader device and

)
o

gaid resin tank., Exanples of such wirelessly reading

reader devices are radio transceivers {(using e.g. NFC,

Bluetooth, or other short-distance radic transmission

technology) and optical imaging detectors. The reader

30 device may comprise multiple contact-based and/or

wireless technologies for accommodating different
kinds of machine-readablie ddentifiers in resin tanks.

Further in sald general c¢ase the stereo-

lithography apparatus comprises a controller coupled

35  to the reader device and configured to receive parame-

ter data read in by said reader device. Said control-

ler may be configured to use at least a piece of said
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received parameter data as a value of an operating

e
8]
t

rameter of saitd stereclithography apparatus.
This way of conveying values of operating pa-
raneters involves for example the advantage that new
5 kindas of regins may bes brought into use, without the
nead to preprogram an auvtomabically operating stereo-
lithography apparatus for thelr most appropriate han-
dling. In comparison, we wmight consider a case in
which the pilece 802 of graphically represented infor-
10 matien contained Just a sgpecific identifier of the
kind of resin contained in the resin tank. In such a

controller 502 should have access to a li-

Y]
&3]
w
o
“+

brary of previcusly stored parameter data, so that al

ter having recognized the particular resin, it could

15  read the corresponding most appropriate values for op~

erating parameters from the library and take them into

use. Conveying one or more values of parameter data in

the plece 802 of graphically represented information

enables more flexible operation, because sguch a 1li-

20 brary is not needed at all or because only a limited

library of parameter values 1is needed for those cases

in which not all parameter values can be read from the
pisce 802 of graphically represented information.

Asg such, 1t is not excluded that the stereo-

25  lithography apparatus might have access to an external

database of parameter data and cother information con-
cerning resins and resin tanks. For ezample, 1if a fa-

cility has two or more sterecolithographic apparatuses

in which at least some of the same resin tanks may be

&3]
s}

used in turns, it may be advantageous te have a shared
database that contains information about the resin
tanks and the resins they contain. In such a case the
controller 502 could respond to recelving image data
in which a gr“pb;(el identifier of a resin tank is
faound by accessing the database in crdexr to cbtain in-

Lo
(“"t

formation aboub the resin or resin tank and/or to up-

date the database with information concerning what the
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stereolithography apparatus currently does with that
cesin or resin tank.

Irrespective of whether the reader device is
contact-based or wirelessly reading, the reader device

5 may be configured to perform the reading in of parame-
ter data when the resin tank 1is in an operating posi-
tion in a holder. In the case of using an optical im-
aging detector as the reader device this may mean that

the optical imaging detector is directed so that a

-
o

regin tank, which wasg removably received to the hold-
er, 18 within a field of view of the optical imaging
datector.

1f the reader device conprises an optical iwm-

aging detector, the previously mentioned nachine vi-

feedt
[

sion process may be utilized so that the controller,
which 1is coupled to the optical imaging detector for
receiving optical image data from the optical imaging
detector, is configured to execute said machine wvision
process to recognize a pilece of graphically represent-
20  ed information carried by a resin tank that was re-
ceived in the holder. The controller may be configured
Lo extract parameter data from said recognized pilece
of graphically represented information, and to use at
least a piece of sald extracted parameter data as a

3

value of an operating paramster of gaid stereolithog-

o

raphy apparatus.

Additionally or alternatively the controller
may be configured to generate an alert and/or to in-
terrupt any stereolithographic 30 printing process

30 and/or prevent beginning any stereolithographic 3D
printing process in response to finding that ab least
one pilece of said extracted parameter data triggers
some alerting criterion. For example, 1if the plece of
graphically represented information carried hy the

35  resin tank contains a best before date of the resin
and the controller notices that the date has passed

already, it may alert the user so that the user may
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then decide, whether the resin can still be used or
whether a tank of fresh resin should be installed in-
stead. Ag another example, 1if the piece of graphically
represented information carried by the resin tank in-
5 dicates that the tank contains a certain amount of
resin, and the controller has calculated that more
than such an amount will be needed, it may alert the
user so that the user may consider, whether a larger

2

resin tank should be installed. As yat another exam-

}_._L
o]

ple, if the pilece of graphically represented infor-
mation carried by the resin tank conveys an operating
parameter value that cannot be realized, the control-
ler may alert the user so that the user may consider,
whether to change to another resin.
15 In order to ensure that the user will always
attach the resin tank 801 in the right way, so that
t e 802 of graphically represented information
ig visible teo the optical imaging detector 501, the
holder 701 may comprise a mechanical key for foreing
2 the resin tank 801 te be receilved to the stersolithog-
raphy apparatus in a predetermined orientation. The
resin tank 801 should then comprise a reciprocal slot
for suech a mechanical key, for forcing said resin tank

to be attached to the stereclithography apparatus in

25  the predetermined orientation. The roles of a mechani-
cal key and reclprocal slot could be exchanged, so
that the resin tank comprises a mechanical key and the
holder comprises a reciprocal slot. Here the terms me-

chanical key and reciprocal slot are used in a general
30 sense, meaning any kinds of mutually engaging mechani-
cal designs in the holder 701 and the resin tank 801
that serve the purpose of guiding a user to attach the
resin tank to the stereolithography apparatus in the
predetermined orientation. There may bs one, two, Or
35 more pairs of wmechanical keys and reciprocal slots

used for this purpose.
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The use of an optical Ilmagin tector as a

k]

reader device involves the particular advantage that
the same optical imaging detector can be used alsc for
other purposes in the stereclithography apparatus.

5  Such other purposes may even substantiate the provi-

y

sion of an coptical imaging detector even 1if it is not
used for reading graphically represented information
from resin tanks. Some of such advantageous other pur-

s are described iIn the following.
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9 and 10 dillustrate schematically a

part of a stereolithography apparatus that comprises a

first optical radiator S01 and a second optical radia-

tor 902. In the drawings the optical radiators %01 and

902 are shown as being located in a common optical

1% module with the optical imaging detector 501, but this

is only an example, and any or both of them could be

prlaced elsewhere in the stereclithography apparatus,

It is possible that the stereolithography apparatus

nly comprises one of the first 801 and second 902 op-

20 tical radiators, or none of them if the optical imag~-

ing detector 501 iz used only for other purposes. It

is alsc possible that the stereeclithography apparatus
comprises more than twoe optical radiators.

The first optical radiateor 901 1s configured
1

NG
[$21
o
C
-
O
9}
Py
3
-~
o
.
1
bt
o

st a pattern upon a portion of the wvat 401

other words, at least some of the optical radi

emitted by the first optical radiator 901 hits some

portion of the wvat 401, If the wvat 401 is removable,

this applies when a wvat 401 has been placed into its

30  intended location within the stereolithography appa-
ratus,

affected portion of the wvat 401 may be

within the field of view of the optical imaging detec-

tor 501 when said optical imaging detector 501 1is in

its operating position (i.e. when the 1id of the ste~

8

recliithography apparatus, on the inside of which the

¢

optical imaging detector 501 is installed, is 1in its
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closed position). As was polnted out earlier, the op-
tical imaging detector 501 does not need to be in~
stalled in the 1lid of the stereolithography apparatus,
but 1t could be installed elsewhere. For the purpose
described here 1t is only required that the optical
imaging detector is installed and directed so that
said portion of said vat, onto which the first optical
radiator 901 projects a pattern, is within the field
of wview when sald optical imaging detector is in an

operating position.

(s

foort

Additionally or alternatively there may be a
surface onto which the projected pabttern is reflected
from one or more reflective gsurfaces on its way. The
surface onto which the projected pattern is reflected
may mean a surface that is part of the vat 401, and/or
some other surface in the stereclithography apparatus.
Such a surface may be within the field of view of the
optical imaging detector 501 when the optical imaging

detector 501 is 1in its operating position. Sald one or

more reflective gurfaces may comprise one or more sur-
faces belonging the wvat 401, and/or a reflective sur-

face of resin in the vat 401.

The controller of the stereolithography appa-
ratus 1s not shown in figs. 9 and 10, but one 1is as-
sumed to exist and to be coupled to the optical imag-
ing detector 501 for receiving optical image data. The
controller is configured to use saild optical image da-
ta to calculate an amount of resin in the vat 401.

The principls of using optical image data for
calculating how much resin there is in the vat 401 is
hased on the fact that the optical radiation emitted
by the first optical radiator 901 reflects differently
depending on how much resin, if any, there is in the
vat. To this end the first optical radiator 901 should
project the pattern to such portion of the wvat 401
that is covered differently by resin depending on how

much resin there is in the wvat. It also helps 1if the
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projected pattern is as sharp by outline as possible.

In order to achieve the last-mentioned objective it is

advantageous 1f the first optical radiator 901 is a

laser, configured to project at least one pattern of

5 laser light upon sald portion of the vat 401. The pat-

tern may bhe a single spot or a distributed pattern

iike a number of single spots, a line, or an illumi-
nated two-dimensional area.

A distributed pattern could be called alse a

10 gspatially distributed pattern. Tt means a pattern that

5

consists of more than just a single spot (which would
be preoduced by a single laser beam as such). Distrib-
uted patterns of laser light can be produced for exam-
rle by physically bturning the laser source, and/or by
15  using at least one laser source and at least one lens
configured to distribute a linear laser beam produced
by said laser source into a shape, like a fan-like
shape or conical shape for example. A fan-like shape

is considered in f1i

/»

g5, 9 and 10 as an example: in fig.
20 9 the wview is in the plane of the fan, for which rea-
son the fan-like shape of distributed laser light is
e n fig. 10 the view is perpen-—

dicular to the plane of the fan, so that the fan-like

25 Fig, 13 is a simplified axonometric drawing
of & wvat 401, an optical imaging detector 501, and a
first optical radiator 901, with the slits 301 seen in
the background as a reminder of how said parts are lo-
cated in the stereolithography apparatus. There is no

30 resin in the wvat 401 in fig. 13. The portion of the
vat 401, onto which the first optical radiator 901
projects its pattern, comprises a portion of a rim
1301 of the vat 401. The first optical radiator 901 is
configured to project a distributed pattern upon the

T

35 rim 1301 so that a reflection of the projected pattern

=

an edge of said rim 103 linearly towards

extends fro
tom 1302 of the wvat 401.

a bot
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Fig. 14 shows an example of how the first op-
tical radiatoer 501 may proiject mors than one pattern

onto more than one portion of the vat 401, In fig. 14

the first optical radiator 901 is configured to pro-
iect at least two separate distributed patterns of la-

3

sex 1ight upon said rim: there are two laser beams,
each distributed into a fan-like shape, so that the
reflection of each distributed pattern extends from an
edge of the zim linearly towards a bottom of the vat
401.

In fig. 15 the situation is otherwise the
same as in fig. 13, but there is some resin in the vat

401. Here it 1is assumed that absorbs relatively

effectively the laser light emitted by the first opti-
cal radiator 901, while the material of the vat 401 is

a relatively good reflector so that a very clear and
eflection appears on its surface. The length of

the linear reflection 1501 tells, how much of the rim
1301 is dry {i.e. not wetted by resin). When the di-
mensionsg of the wvat 401 are known, measuring the
length of the linear reflection 1501 is enocugh to cal-
culate the amount of resin in the vat 401. In general
it can be saild that the controller, which ig coupled
to the optical imaging detector 501 to receive optical
image data, 18 configured to recognize a reflection of

<

satd projected pattern from saild optical image data,
and configured to calculate the amount of resin held
in the wvat 401 from one or more detected dimensions of

said reflection of said projected pattern.

Jl\_

The controller of the stereolithography appa-
ratus may be configured to execute a machine vision
process to implement the steps listed above. The con-
troller could first find and select at leasi one image
taken by the optical imaging detector 501 in which an
observed reflection of a projected pattern appears up-
on the affected part of the vat 401 and/or the affect-

ed other surface. In sald at least one image the <on-



WO 2020/002756 PCT/F12019/050196

-
(6]

20

h
v

>
o

30

24
troller could examine the ooordinates, within the co-
f

ordinate system of the image frawme, of those pixels
that contribute te the observed reflection of the pat-~
tern. The <controller could find the coordinates of
those pixels that appear to represent the extremities
of the observed reflection, and calculate the differ-
ence between these coordinates. Mapping the calculated
difference against a lock-up table of possible calcu-
lated differences, or executing scme other form of a
declsion-making algorithm, may give the measured
amount of resin in the vat as a result.

A common feature in figs. 13 to 15 1s that
the laser in the first cptical radiator 901 1s config-
ured to project the at least one distributed pattern
upon the rim so that the reflecticn extends from a
horizontal edge of saild rim pesrpendicularly towards a
bottom of the wvat. In other words, the linear reflec-
tion 1501 is a vertical line on the rim 1301 of the
vat 401. This

lustrates schematically an a

is not the only possibility. Fig. 1o il-

r
J?

4
A

ternative embodiment, in
which the laser is configured to proiject sald at least
one distributed pattern upon said rim s¢ that it ex-
tends from a horizontal edge of sald rim obliguely to-
wards & bottom of said vat. In other woxrds, in fig. 16
the linear reflection 1601 on the rim 1301 is oblicque~
iy directed.

A geometry like that in fig. 16 offers a num-

o

er of advantages, because the optical image data pro-
duced by the optical imaging detector 501 contains
more features to be analyzed than in the case of fig.
15, Changes in the level of the resin in the vat cause
larger changes in the linear reflection 1601 of the
fan-shaped laser beam on the surface of the rim 1301
than in fig. 15. This may make it easier to det

even smaller changes in the amount of resin in the vat

401. Alse, if the surface of the resin is smeoth and

reflective enough, one may observe a secondary reflec-
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detected dimension of the image of the reflection from
which the amount of resin can be caloulated in this
embodiment. Mapping the average height against a look-

up table of possible heights, or executing some other

(€]

form of a decision-making algorithm, may give the
measured amount of resin in the vat 401 as a result.

In all embodiments that are dezscribed here as
determining the amount of resin in the (fizxed or re-~

wovable) vat it may be noted that actually the detect-

[
<

ed guantity is the surface level of resin in the vat
and not {(at least not directly) the current volume of
resin in the vat. As it depends on the programming of
the controller how the detected guantity is utilized,
for the purposes of this text all references to calcu-
15  lating or determining the amount of resin can bs con-
sidered synonymous and sufficiently equal in meaning
with detecting the surface level of resin.
Briabling the stereolithography apparat to
automatically detect the surface level of resin in the
20 wvat involves a number of advantages. As an example,
before pumping more resin inte the wvat the apparatus
may check, how much resin (1f any) is there already.
Since the resins may be relatively expensive, and
since it may be cumbersome to draw any resin back into
25 any kind of tank or other long-term repository, it is
advigable to always use up all resin that was already
pumped into the wvat. This is more or less synonymous
to only delivering as much new resin, to augment any
already present in the val, as ig needed to ”nmpieie
30 the next known task of stereclithographic 3D printin
For a plece of control software that recelives instruc~
tions to manufacture a particular three-~dimensiocnal
object 1t is relatively stralghtforward to calculate

'

the volume of the object to be manufactured. The cal-

3%  culated volume is then the same as the amount of resin
that will be needed to actually manufacture the ob~

ject.
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Taken that stereolithography is based on pho-
topolymerizing only some strictly delimited portions

of resin, care ghould be taken not to use such optical
th

radiators for other purpeses (like measuring @
5 amount of unused resin in the vat} that could cause

unintended photopolymerization., Therefore it is advis
able to select the first optical radiator %01 so that
it is configured to only emit optical radiation of
wavelengths longer than or at most equal to a prede-
10 fined cutoff wavelength. Said cutoeff wavelength should
be selected longer than wavelengths used to photopoly-~
marize re sins in stereolithography. Ultraviolet radia-
tion is often used for photopolymerizing, so said cub-
off wavelength could be in the range of visible light.

5 Laser light 1is wmonochromatic, so 1if a laser source 1s

Joat

used in the first optical radiator 901, the wavelength

£
of the laser light is synonymous to said cutoff wave-
length. Naturally the wavelength of the first optical

-
H
|

radiator 901 must be selected so that its reflection

20 is easily detectable by the optical imaging detector
501

Ancther purpoese for which an optical imaging

detector 501 - together with a second optical radiator

302 ~ can be used in a stereolithography apparatus 1is

25  shown in figs. 11 and 12. To provide some background,
it may be noted that the build surface 403 of the
build platform 402 will come very clese to the bottom

of the vat in the beginning of a stereolithographic 3D

printing Job. To this end, the bulld surface 403
0 should be appropriately directed, and clean of any

pieces of any solid substance, before the build plat-

form 402 1s lowered into the starting position, which
is the first extreme position mentioned earlier. Un-
fortunately it may happen that the user has forgotten
35 to detach the previocusly manufactured okdect from the
build surface 403. Even if the user has detached the

actual object that was manufactured previously, 1t may
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happen that some solid parts remain on the build sur-
face 403. These may be for example support strands or
»s or kase layers that had to be produced as a

e
part of the previous 3D printing job for providing me-
<

/ﬁ
[}
pait
o
&
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al gtabilityv, even if they did not form part of
: Y C

3

ctual obiject to be manufactured.

-t
i
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Moving the build platform into the first ex-
treme position with anything solid attached to the
build surface may have serious consequences, like
10  breaking the bottom of the vat or damaging the moving
mechanism and/or support structure of the builld plat-
form. One possible protective measure might be moni-
toring the load experienced by the noving mechanis:

when the build platform iz moved towards the first 2x-

¥ treme position and stopping the movement if the load
seems to increase. However, observing an increasing

>

lead in the moving mechanism meang that contact was

ot

made already between the undesired solid remnants or
the build surface and the bottom of the vat, so it may

0 be too late alresady.
Figs., 9 to 12 illustrate a principle of using
a (second) optical radiator %02 and the optical imag-
ing detectcor 501 to set up protective measures that

help to prevent any accidental moving of the build

N

platform 402 too close to the bottom of the vat 401 if
there are any unwanted solid remnants on the build
surface 403. Said principle is based on using the sec-

ond optical radiateor 902 to project a pattern onto thes
puild surface 403 while it is in the field of view of

30 the optical imaging detector 501, and examining a re-

flection of said pattern to determine, whether the ob-
served form of the reflection indicates that there

~

could be anything else than just the planar surface
there that should be.

From the previous description 1t may be re-
called that the stereolithography apparatus comprises

a moving mechanism configured to move the build plat-
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form 402 in a working movement range between first and
gsecond extreme positicns. The second optical radiator
8902 is configured to project a pattern upon the build
surface 403 when the build platform 4302 1is in at
5 least one predetermined position between said fizst
and second extreme positions. The optical imaging de-
tector 501 is installed and directed so that a reflec-

ticn of said projected pattern is within its field of

view when the build platform 402 is at sald predeter-
10 mined peosition. A controller of the stereolithography
apparatus is coupled to the optical imaging detector

501 for receiving optical image data from the optical

imaging detector 501, The controller iz also config-

ured to use sald optical image data to examine the

15  build surface 403 for exceptions from a default form
of the bulld surface.

In order to be sure that no part of the build

surface 403 contains any unwanted solid remnants, it

would be advantageous to cover the whole bulld surface

N
j o)

403 with the projected pattern. This can be done for
example by using a laser source and a lens that dis-
tributes the laser beam into a regular two-dimensional
matrix of dots close to each other. A machine visgion
algorithm could then analyze the image taken by the
25  optical imaging detector 501 to tell, whether there isg
any irregularity in the array of dots seen in the im-
age.
A slightly different approach is taken in the
embodiment of figs. 9 te 12, The second optical radia-
30 tor 902 is configured to project sgald pattern upon an
affected part of the build surface 403, and this af-
fected part changes position across the build surface
403 when the build platform 402 wmoves through a range
of positions on its way between the first and second

extreme positions according to arrow 1101 in fig. 11.

3
(@2

Said range of positions does not need to oc-

cupy the whole range between the first and second ex-
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treme positions, but preferably only a small sub-range
thereol. However, throughout this range of positions
the optical imaging detector 501 should see at least
that part of the build surface 403 where a reflection
of the projected pattern appears. In other words, each
position within saild range of positions must be a pre-
determined position as described above, 1.e. one at
which a reflection of the pattern projected by the

cond optical radiator %02 upon the build surface 403

'J)

ig within the field of view of the optical imaging de-
taector 501.

In this embodiment the way in which the sec-
ond optical radiator 902 emits optical radiation may
stay the same while the builld platform 402 mov
through said range of positions. Said movement makes
the emitted optical radiation hit different parts of
the build surface 403 at each position of said range
of positions, so that in the end the emitted optical
radiation has hit essentially all parts of the build
surface 403 in turn. Xnowing the form of the reflec-
tion that the emitted optical radiation should produce
on a completely flat {or otherwise well known) form of
a build surface 403, if any exceptions from such an

form are observed by the optical imaging de-
tector 501, it wmeans that there is something on the
build surface 403 that shouldn’t be there.

In the embodiment illustrated in figs. 9 to
12 the second optical radiator 902 is a laser config-
ured to project at least one distributed pattern of
laser light upon the affected part of the build sur-
face 403. If the same relatively simple approach is
used as with the embodiment of the first optical radi-
ator 901 explained earlier, the laser in the second
optical radiator 902 may comprise at least one laser

ource and at least one lens configured to distribute
a linear laser beam produced by said laser source into

a fan~like shape. The reflection that is consequently
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crosses the bulld surface 403
onn the height at
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""" 1ight line

position

&

at a

which the build platform

5 The controller of the stereolithography appa-
ratus may be configured to execute a machine visilon
process to decide, whether the optical image data re-
ceived from the optical imaging detector 501 indicates
exceptions from a default form of the bhuild surface

16 403. In the enbodiment describved above, in which the

—~
3

bull

ator 902

troller could £

by the

o the buil

surface 403

optical

served reflection

is flat

of

id surface 403. In each

and the second optical

the fan-shaped la

of these

radi-

produces a fan-shaped laser beam, the con-
first find and select all images taken
imaging detector 501 in which an ob-

ser beam appears

selected

ima g* the controller could examine the coordinates,
within the coordinate gystem of the image frame, of
those pixels that contribute to the obssrved reflec~
20  tilon of the fan-shaped laser beam. The controliler
could fit a straight line to the coordinates of these
pixels, and calculate one or more statistical de-
seriptors that tell, how well the coordinates of said
pixels obey the equation of such a fitted straight
25  line. If any of these statistical descriptors is larg-
er than some predetermined threshold value, the con-
troller could decide that an exception from a faulit

form of the bulld surface 403 was found.
Iin place of {(or in additicon to) the observec
30 reflection of the projected pattern on the build sur-
face, a secondary reflection on some other surface can
be used. If the build surface is clean, it may produce
a regularly formed secondary reflection on e.g. the
vertical surface cof the body part that is next to the

lidified

Lions

build platform
resin on

o the sec

during its movement.

the build

ondary reflection,

surface may

Any remaining so-
cause distor-
which can be de-
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tected in a way similar to that ezplained above in as-

sociation with the (primary) reflection on the build
o

In general, the controller may be configured

5 to either allow the operation of the stereolithography
apparatus to continue as a response to finding no ex-
ceptions from said default form of said bulld surface,

or interrupt operation of the stereclithography appa-
ratus as a response to finding ezceptions from saild

10 default form of said build surface. Interrupting the
operation may be accompanied by giving an alert to a
user of the apparatus through a user interface,
prompting the user to check the build surface and re-

move any remnants of solidif

ferts

15 Taken that stereolithography i1s based on pho-
topolymerizing only some strictly delimited portions
of resin, care should be taken not to use such optical
radiators for other purposes (like examining the build
surface for ewceptions from 1its default form; that

20 could cause unintended photopelymerization. Therefore
it is advisable to select the second optical radiator
502 so that it is nfigured to only emilt optical ra-
diation of wavelengths longer than or at most equal to

a predefined cutoff wavelength. Sald cutoff wavelength

25 should be selected longer than wavelengths used to
photopolymerize resing in stereolithography. Ultravio-

let radiation is often used for photopolymerizing, so

said cutoff wavelength could be in the range of visi-

¢

ble light. Laser light is monochromatic, so if a laser

o

30  source is used in the second optical radiator 202, th

ity

wavelength of the laser light ig synonymous to sald
cutoff wavelength. Naturally the wavelength of the
second optical radiator 902 must be selected so that
its reflection is easily detectable by the coptical im-

5 aging detector 501.

0
/
O

Fig. 19 illustrates an embodiment that can be

used to examine the build surface for ezceptions from
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its default form in place of or in addition to the em-
bodiment described above. In the embodiment of fig. 19
a pabttern 1901 of some predetermined kind appears in
the field of view of the optical imaging detector 501
5 at least when the optical imaging detector 501 is at
one position. The location of the pattern 1801 has
further been selected so that at some mutual position-
ing of the optical imaging detector 501 and the huilld
platform 402 the latter partially covers the pattern
10 1901 in the field of view of the former. In particu-
lar, at said mutual positioning of the optical imaging
501

detector 501 and the build platform 402, a view taken

5

from the optical imaging detector 501 exactly along
the build surface 403 intersects the pattern 1201
15 If the build surface 403 is clean and planar,

>

an image taken by the cptical imaging detector 5G1 at

said mutual positioning shows the pattern 1901 nesatly
cut along a straight line, The controller of the ste~
reolithography apparatus may execute a machine vision
20 process to examine, whether this 1s true or whether
the part of the pattern 1901 visible in the image ap-
pars distorted in any way. Any distortion in the line
that delimits the part of the pattern 1901 visible in
the image indicates that some remnants of solidified
25 resin may have been left on the build surface 403.

The mutual positioning of the optical imaging
detecter 501 and the build platform 402 that appears
in fig. 19 may be achieved for example during the
mevement when the build platform 402 moves down to-

30 wards the starting positicn of stereclithographic 3D
9. An-

other possibility to achieve said mutual positioning

[ ad

printing, as illustrated by arrvow 1902 in fig.

iz when the optical imaging detector 501 moves down-

wards as illustrated by arrow 1803, as a part of a

(2

5 closing lid to which the optical imaging detector 501
is installed. Said wmutual positioning can also be
i

achieved by intentionally moving at least one of the
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build platform 402 or the optical imaging detector 501
for just this purpose and not as a part of a movement
that principally serves some other purpose.

Fig. 20 ig a schematic block diagram that il-
lustrates some parts of an example of a stereolithog-

according to an embodiment
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~
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A controller 2001 has a central role in the
operation of the apparatus. Structurally and function-
ally it may be bhased on one or more processors config-
urad to execute machine-readable instructions stored
in one oy more memories that may comprise at least one
of built-in memories or detachable memories.

A 1id mechanism 2002 comprises the mechanical

lectrical parts that serve the purpose of moving

o
3
O

=@

id that opens or closes the working region.

A build platform mechanism 2003 compriges the

mechanical and electrical parts that serve the purpose
of moving the build‘_platiornx between 1its first and
second extreme positions. The build platform mechanism
2003 may also comprise parts that serve to ensure cor-

ect angulax positioning of the bulld platform.

A resin delivery mechanism 2004 comprises the
mechanical and electrical parts that serve the purpose
of pumping resin into the wvat, and possibly draining
unused resin from the wvat back into gome long-term re-
pogitory.

An exposure radiation emitter part 2005 com-
prises the mechanical, electrical, and optical parts
that serve the purpose of controlliably emitting radia-
tion that causes selective photopolymerization of res
in during the stereclithograghic 3D printing process,

An  exposure radiator ccoler part 2006 com-
prise the mechanical, electrical, and thermal parts
that serve the purpose of maintaining the exposure ra-

ation emitter part 2005 at its optimal operating

temperature.
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A regin heater part 2007 comprise the mechan-

ical, electrical, and thermal parts that serve the
purpose of pre~heating the resin intce a sultable oper-
ting temperature and maintaining it there during the

5 stereolithographic 3D printing process.

Ej

reader (s} and/or sensori{s) block 2008 com~
prises all devices that can be classified as resaders
or sensors. For example all optical imaging detectors

of the kind described earlier, as well as optical ra-

10 diation emitters thalt serve other purposes than photo-
polymerizing resin during the stereolithogr“pnz 30

printing process belong to the reader(s) and/or sen-
sar{s) block 2008.
The stereolithography apparatus may comprise
15 a data interface 2003 for exchanging data with other
devices. The data interface 2009 can be usesd for exam-
ple to receive from some other device the 3D modelling
data that describes, what kind of an object should be
produced through stereolithographic 3D printing. The
data interface 2009 can also be used to provide diag-
nostic data about the operation of the stereolithogra-
phy apparatus to other devices, such as a umonltoring
computer.
The stereolithography apparatus may comprise
25  a user interface 2010 for exchanging information with
one or more users. The user interface 2010 may com-
prise tangible, local user interface means for facili-
tating immediate Interaction with a user next to the
stereolithography apparatus. Additionally or alterna-
30 tively the user interface 2010 may coemprise software
and communication means for facilitating remote opera-
tion of the stereclithography apparatus for example
through a network or through an app installed on a
separate uger’s device such as a smartphone or other
personal wireless communications device.
The stereolithography apparatus may comprise

a power block 2011 configured to convert operating
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appears at a different location depending on the sur-
ace level of resin in the vat
Fig. 23 illustrates how the method may com-

prise, as a step 2301 prior to step 2101, a step of
optically proijecting a second pattern upon a build
surface of a bulld platform of said stereolithography
apparatus. In this case the gtep 2101 illustrated in
fig. 21 may comprise generating a digital representa-

-

tion of an optical image of that portion of said build

surface upcen which the second pattern is projected.
Step 2103, on the other hand, may comprise using said
ad

igital representation to examine said build surface
for exceptions from a default form of said build sur-
face. Said second pattern may comprises a line across

gaid part of saild pbuilld surface, and the wmethod may

-y

comprise detecting from sald digltal representation
any optically appearing irregularities of a reflection
of saild line. The method may further comprise compar

ing a representation of sald second pattern found in
said optical image to a default representation of said
second pattern. The method wmay further comprise either
allowing the operation of the stereolithography appa-
ratus to continue as a response to finding said repre-
gentaticn of said pattern to be the same as sald de-
fault representation, or interrupting cperaticn of the

sterecolithography apparatug as a response to finding

I"h

said representation of sald pattern to differ from
said default representation.
Fig. 24 illustra

es
operating a stereolithogr ";hy apparatus. This embodi-

w

schematically a method of

ment of the method is particularly sulted for enabling
the controller of the Stereolithoqraphy apparatus to
acquire values for operating parameters so that they

are optimal for the currently used resin, even in cas-

[

es where the optimal operating parameter values fo

just that resin are not stored beforehand in any 1i-
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brary of operating parameter values in the stereo-
lithography apparatus itself.
The method of fig. 24 comprises using a read-
er device to read in parameter data from a resin tank
5 at step 2401. The reader device used in step 2401 may
be an optical imaging detector, or it may be some oth-
er kind of reader device,
The method compriszes also conveying the read-
in parameter data to a controller of sald stereo-
10 lithography apparatus. Typilcally the read-in parameter

data needs to bhe decoded at step 2402, for example =0
that a bit string that appeared in digital image data
that the controller received from an optical imaging

detector or other kind of

reader device is

converted

15  into a numerical value according to a predetermined
decoding method. The method comprises also using a
piece of said conveyed parameter data as a value of an
operating parameter of said stersolithography appa-

ratus at step 2403.

20
prigse - and may be used as
of resin, a layer exposure

~ a preheating temperatu

time,

The plece of conveyed parameter data may con-

re

a layer thickness, a

moving speed of a build platform, and/or a waiting
time Dbetween two successive wmethod steps in stereo-
25 lithographic 3D printing. Using the piece of conveyed

parameter data for other purpo
The method wmay compris

conveyed parameter da

ses 1

fta to information

8 not excluded.

e comparing said plece

indica-

tive of an allowable rangs of parameter values. That
30 kind of information may be previously stored in a

memory of the stereolithography apparatus in order to
ensure that it will not attempt cperating with parame-
tar values that are not safe or otherwise not recom-
mendable. The method may comprise allowing the opera-
35  tion of the stereolithography apparatus te continue as
a response to finding said piece of sald conveyed pa-
rameter data to be within saild allowable range of pa-
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rameter values as illustrated with the reference des-
ignator 2404. The method may also comprise preventing
or interrupting operation of the stereolithography ap-
paratus according to step 2405, as a response to find-
ing said piece of said conveyed parameter data to be
out of said allowable range of parameter values as 1l-
lustrated with the reference designator 2406,

It is cbvious to a person skilled in the art
that with the advancement of technology, the basic
idea of the invention may be implemented in wvarious
ways. The invention and its embodiments are thus not
limited to the examples described above, instead they

may vary within the scope of the claims.
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CLAIMS

1. Stereclithography

apparatus, comprising:
-~ a build platform (402)

S

with a builld surface (403),
-~ a moving mechanism (Z2003) configured te move sald
bulld platform (402)

o

in a working movement range be-
tween first and second extrems positions,

- an optical radiator (902) configured to project a
pattern upon said bulld surface (403) when said

builid

pilatform {402} is in at least one predetermined posi~
10 tion between said first and second extreme positions,
~ an optical inaging

detector (501) having a field of
view, installed and directed so that a reflection of
sald projected pattern is within said field of view
when said build platform (402) is at

said at least one
15 predetermined pogition, and
- a controller (502, 2001) coupled to said optical im~-

aging detector {(H01) iving optical image data
imaging detector (501),
said controller (502, 2001)

for recei
from said optical t
wherein is configured to
20 use said optical image data to examine said build sur-
face (403) for exceptions from a
build surface (403

PR

default form of said

o
e

. A stereolithography apparatus according to

claim 1, wherein said optical radiator

. {902y is con-
figured to project said pattern upon an alffected part
of said build surface (403}, sald affected part chang-
ing position across sald build surface (403) when said
build platform

(402) moves through a range of posi-

itions.
30

3. A steresciithography apparatus according to

)
(802} is a la-

one distributed

claim 2, wherein said cptical radiatozr
ser configured Lo project at least
pattern {1102) of laser light upon

sald affected part
surface (403).

of said build
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4, A stereolithcography apparatus according to

elaim 3, wherelin sald laser comprises at least one la~

ser source and at least one lens configured to dis
tribute a linear laser beam produced by said laser

5 source into a fan-like shape.

5. A stereolithography apparatus according to

any of the preceding clalms, wherein sald controller

f.i

(502, 2001) is configured to either allow the opera-

tion of the stereolithography apparatus to continue as
10 a2 response to finding no exceptions from saild default

form of said build surface (403), or prevent or inter-

rupt operation of the stereolithography apparatus as a

by
®
]
K]
o
%5
o
W
O
h
;._l

inding exceptions from said default form

of said build surface (403).

15 6. A stereclithography apparatus according to
any of the preceding claims, wherein said optical ra-
diator (202) is configured to only emit optical radia-
tion of wavelengths longer than or at most egual to a

praedefined cutoeff wavelength that is longer than wave-

.\
)
-y
ot

engths used to photopolymerize resins in stereo-~

h
B

lithography.

7. A method of cperating a stereolithography
apparatus, comprising:
- optically projecting (2301} a pattern upon a build
25 surface (4

olithography apparatus

03) of a build platform (402} of said stere-

~ generating (2101} a digital repregentation of an op-
tical image of that portion of said build surface
(403) upcen which the pattern is projected, and

30 - using {(2103) said digital representation toe examine
sald bulld surface (403) for exceptions from a default

form of said build surface {403} .
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8. A method according te claim 7, wherein
said pattern is a distributed pattern (1102) of laser

light upon a part of said build surface (403).

9. A method according to claim 8, wherein
5 said pattern comprisges a line (1102) across sald part
of said build surface (403}, a
detecting from said digital representation any opti-

cally appearing irregularities of said line.

10. A method according to any of claims 7 to

10 9, comprising:
- comparing a representation of a reflection of said
pattern found in said optical image to a default rep-
resentation of said pattern, and
- either allowing (2403} the operation of the sterso-

15  lithography apparatus to continue as a response Lo
finding (2404) sald representation of said pattern to
be the same as sald default repregentation, or pre-
venting or interrupting (2405) operation of the stere-~
olithography apparatus as a response to finding {(Z2406)

20 said representation of saild pattern to differ from
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