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(57) Abstract: A stereolithoqraphy apparatus comprises a reader device (501, 2008) configured to read in parameter data from a
machine-readable identifier (802) of a resin tank (801), and a controller (502, 2001) coupled to said reader device (501, 2008) and
configured to receive parameter data read in by said reader device (501, 2008). Said controller (502, 2001) is configured to use at least
a piece of said received parameter data as a value of an operating parameter of said stereolithography apparatus.
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STEREQLITHOGRAPHY APPARATUS EQUIPPED FOR OBTAINING PA-~
RAMETER VALUE DATA, AND METHOD OF OPERATING THE SAME

FIELD OF THE INVENTION

[

The invention concerns the technology of ste-
reolithographic 3D printing, also known as stereolith-
ographic additive manufacturing. In particular the in-
vention concerns automatically conveying parameter

10 wvalue data to a stereolithography apparatus.

BACKGROUND OF THE INVENTION

Ste lithography is a 3D printing or addi-
4
tive manufacturing technique in which optical radia-

15 tion i1s used to photopolymerize suitable raw material
to produce the desired object. The raw material comes
to the process in the form of a resin. A vat is used
to hold an amount of resin, and a build platform is
moved in the vertical direction so that the object to

20  be produced grows layer by laver, beginning on a build
surface of the build platform. The optical radiation

N

used for photopolymerizing way come from above the
vat, in which case the builld platform moves downwards
through the remaining resin as the manufacturing pro-
25 ceeds. The present description concerns in particular
the so-called “bottom up” wvariant of stereolithogra-
phy, in which the photopolymerizing optical radiation
comes from below the wvat and the build platform moves
upwards away from the remaining resin as the manufac-
30 turing proceeds.

Making the operation of a stereolithography
apparatus easy and stralghtforward for even inexperi-~
enced users involves geveral challenges. For example,
different resins are needed for manufacturing differ-

35  ent kinds of objects, and making full use of their

properties may require setting the values of operating
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parameters of the gtereolithography apparatus acgord-
ingly. The user may consider it tedious and inconven-

ient to carry the responsibility of programming the

apparatus with the correct parameter values every
time. The resins are relatively expensive, for which
reason care should be taken to not allow too much res-

in to enter the wvat and to utilize as much of the re-
maining resin as possible for actual manufacturing
jobs. The wviscous and sticky nature of resins calls
for as avtomatized handling of resgin as possible.

A prior art publication EP 1790463 Al (3D
Systems Inc.) discleoses a stereolithographic printing

device that uses REID technology to read identifier

data from resin containers.

\Q

H-B

04 A2 (3D

Systemsg Inc.) discleoses some additiconal features of

A prior art publication BP 1768¢

the stereclithographic printing device named above.

A prior art publication US 2006081199 Al
{Loughran Stephen) suggests using the REFID code of a
regin container as a unique material identifier.

Other pricr art decuments related te the

technical field of stereclithography are WO 2016207777

Al  (Costabeber Ettore Ma’IlZLO), WO 2018111h48 Al
(Carpon Inc.) and WO 20160 70 AL (Tomasiak Rafal).

OBJECTIVE OF THE INVENTION

In the 1light of these challenges, structural
solutions and operating practices are needed that
would make a stereolithography apparatus more conven-
ient to use by even inexperienced users and/or users

who need to simaltaneously concentrate on other tasks

The invention ls aimed to present a stereo-

-

lithography apparatus and a method of operating it so



WO 2020/002754 PCT/F12019/050194

&3]

«

that tThe user would ceonsider its use convenient and
gsafe. The invention ghould enable stereolithographic
3D printing to be auntomatized to a large extent, and
enable convenient and economical handling of resins

5 for stereclithographic 3D printing.
These and  other advantageous aims are
achieved by equipping the stereolithography apparatus
with built-in means for reading in parameter data.

These means may comprise an optical imaging detector,

foed
<

the field of view of which ccovers at least part of the
working region of the apparatus.

According to a first aspect, a stereolithog-
raphy apparatus comprises a reader device configured

to read in parameter data from a machine-readable

o
(@2

identifier of a resin tank, and a controller coupled
to saild reader device and configured to receive param-

eter data read in by said reader device, 3aid contraol-

ler is configured to perform at least one of: using at
least a pilece of said received parameter data as a

20 wvalue of an operating parameter of sald stereolithog-
raphy apparatus, interrupt an ongoing stereolitho-

i)

graphic 3D printing process in resgponse to finding

that at least one piece of sald received parameter da-~
ta triqgers an alerting criterion.
25 In an embodiment of the stereolithography ap-

paratus sald reader device ig a wirelesgsgly reading
raader device configured to perform said reading of
parameter data without direct physical contact between
sald reader device and saild resin tank.

30 In an embodiment of the stereolithography ap-
paratus said reader device comprises at least one of:
radio transceiver, optical imaging detector.

Tn an embodiment of the stereolithography ap-
paratus it comprises a holder for removably receiving

sald resin tank toe an operating position in said ste-

(o3}
631

reclithography apparatus, wherein sald reader device

ig configured to perform said reading in of parameter
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data when said resin tank is in saild operating posi-
tion.

In an embodiment of the sterecolithography ap-

paratus said reader device 1s an optical imaging de-

et

tector directed so that a resin tank rewmovably re-
ceived to said heolder is within a field of view of
said optical imaging detectaor.

In an embodiment of the stereclithography ap-
paratus saild field of view of said optical imaging de-
tector encompasses also at least one of: a portion of
a wvat of s=aid stereo-lithography apparatus, a vat
holder for receiving a vat, a build surface of a build
platform of said stereolithography apparatus in at
least one position along a working movement range of
said build platform.

In an embodiment of the stereolithography ap-
paratus sald holder comprises at least one of a me-
chanical key or a recipreocal slot for a mechanical
key, for forcing said resin tank to be received to
sald stereclithography apparatus in a predetermined
orientation.

In an embodiment of the stereclithography ap-
paratus said controller is configured to use saild
piece of said received parameter data as at least one
of the following: a preheating temperature of resin, a
layer exposure time, a layer thickness, a moving spead
of & build platform, a walting time between two suc-

cessive method steps in stereolithographic 3D print-

ijlq.
In an embodiment of the stereclithography ap-
paratus said controller is configured to use at least

a plece of said recelved parameter data as at least
one of the following: an identifier of resin contained

4

in the resin tank, an indicator of amount of resin
contained in the regin tank, a manufacturing date of
resin contained in the resin tank, a best before date

of resin contained in the resin tank, unique identifi-
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er of the resin tank, a digital signature of a provid-
er of resin contained in the resin tank.

According to a second aspect, a resin tank

for a stereclithography apparatus comprises a machine-
5 readable identifier containing parameter data for use

as at least one wvalue of an operating parameter of
salid stereolithography apparatus.
In an embodiment of the resgin tank sald ma-

chine-readable identifier comprises at least one of: a

et
<

radio readable identifier, an optically readable iden-
tifier.

In an embodiment of the resin tank it com-
prises at least one of a mechanical key or a recipro-

cal slot for a mechanical key, for forcing sald resin

-t
[ €]

tank to be attached to sald stereclithography appa-
ratus in a predetermined orientation.

According te a third aspect, a method of op-
erating a stereclithography apparatus comprises using
a reader device to read in parameter data from a resin
20 tank, conveying the read-in parameter data to a con-
troeller of said stereclithography apparatus, and using
a pilece of said conveyed parameter data as a value of
an operating parameter of said stersolithography appa-

ratus,

In an embodiment of the method 2aid plece of
said conveyed parameter data comprises and is used as
at least one of the following: a pre-heating tempera-
ture of resin, a laver exposure tims, a laver thick-

ness, a wmoving speed of a build plat~-form, a waiting

&)
—
e

time between two successive method steps in stereo-
lithographic 3D printin

In an embodiment of the method it comprises
comparing said pilece of sald conveved parameter data
to information indicative of an allowable range of pa-

rameter values, and either alliowing the operation of

%)
(s

the sterecolithography apparatus to continue as a re-

3

sponse to finding =zaid plece of saild conveyed parame-

o
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ter data to be within said allowable range of parame-
ter values, or preventing or interrupting operation of
the ste-reolithography apparatus as a response O

finding said ple e of said conveyed parameter data to

be out of saild allowable range of parameter values.
It is to be unde cod that the aspects and

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

to form a further smbodiment of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included
to provide a further understanding of the invention
and constitute a part of this specification, illus-
trate embodiments of the invention and together with
the description help to explain the principles of the

invention. In the drawings:

Figure 1 i1lilustrates a stereolithography ap-
paratus in a front view with its 1lid closed,
Figure 2 illustrates a stereolithography ap-

: 3

paratus in a side view with its 1lid closed,

Figure 3 illustrates a stereolithography ap-
paratus in a front view with its lid open,

FPigure 4 illustrates a stereolithography ap-

paratus in a side view with its lid open,

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

view,

Figure 6 i1llustrates an example of an operat-
ing position of an optical imaging detector in a side
view,

Figure 7 illustrates an example of a working
region of a stereolithography apparatus,

Figure B illustrates an example of wusing
graphically represented information on a visible sur-

face of a resin tank,
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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,

[$23

Figure 11 illustrates an exanple of using an
optical radiator to examine a build surface
ks 4

Figure 12 illustrates an example of using an

optical radiator to exawmine a build surface,

Figure 13 illustrates an example of using an

10 optical radiator to prolect a pattern upon a vat,
Figurxe 14 illustrates an example of using an

optical radiator to project a pattern upon a vat,

Figure 15 illustrates an exanple of using an
optical radiator toe measure the amount of resin in a
15  wat,
Figure 16 illustrates an example of using an
optical radiator to measure the awmount of resin in a
vat,
Figure 17 illustrates an ezample of using an
20 optical radiateor to measure the amount of resin in a
vat,
Figure 18 illustrates an example of using an
optical radiator to measure the amount of resin in a
vat,
25 Figure 19 illustrates an example of using an
optical imaging detector to examine a builld surface,
Figure 20 illustrates an example of a block
diagram of a stereolithography apparatus,
Pigure 21 illustrates an example of a method,
30 Figure 22 1lllustrates an example of a method,
Figure 23 illustrates an example of a method,
and

Figure 24 illustrates an example of a method.

35 DETAILED DESCRIPTION

{‘D

Figs. 1 to 4 illustr an example of a ste~

reolithography apparatus. The apparatus could also be
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alled a stereclithographic 3D printer, or a stereo-
lithographic additive manufacturing apparatus. BRasic
parts of the apparatus are a base part 101 and a 1lid
102, of which the lid 102 is movably coupled to the
5  base part 101 so that it can move between a closed po-
gition shown in figs. 1 and 2 and an open positlcp

shown 1in figs., 3 and 4. Here the direction of the

162]

movement is vertical, but this is not a requirement;

the movement of the lid 102 in relation to the base

fovel
<

part 101 could take place in other directions. An im-
portant advantage of a movable lid of this kind is
that an ongeing stereolithographic 3D printing process
can be protected from any interfering external optical

radiation by closing the 1lid

£
o
)
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15 A wvat 401 is provide
for helding resin for use in the stereolithographic 3D
printing process. If the wvat 401 is not a fixed part
of the sterecolithography apparatus, the base part 101
may comprise a vat holder for recelving a removable

20  wvat. The wvat holder may be for example a table 405
having an essentially horizontal upper surface on
which a vat 401 1is placeable. Additionally or alterna-
tively the vat holder may comprise support ralls,

allgnment aids, locking mechanisms, and/or other com-

2

Ut

parable means configured to support a vat and/or to
engure that it assumes and remains in the appropriate
location. In this description all references to the
vat 401 are to be understood to cover both a fixed wvat
arrangement and an arrangement in which a removable
30 wvat 401 can be received in a vat holder of said kind.
A builld platform 4072 with a build surface 403
is supported above the vat 401 so that the bulld sur-
face 403 faces the vat 401. This arrangement is typi-
cal to the so-called “bottom up” variant of stereo-

e 1

lithography, in which the photopolymerizing radiation

(@3]
18]

ot
romes from bhelow the vat. The bottom of the vat 401 is

or can be selectively made transparent or translucent



WO 2020/002754 PCT/F12019/050194

for the kind of radiation used for said photopolymer-—
i1zing.
A moving mechanism is provided and configured
0

to move the builld platform 402 in a working movement

&«

("

range between first and second extreme positions. OF
these, the first extreme position is the one proximal
to the vat 401, and the second extreme position is the
one distant from the wvat 401L. In the first extreme po-
gsition the build surface 403 is very close to the bot-
10 tom of the wvat 401. The first laver of the object to

be manufactured will be photopolymerized onto the

build surface 403 when the build platform 402 is in
the first extreme position. Counsequently, in said
first extreme position the distance between the builld

15 surface 403 and the bottom of the wvat 401 is in the
order of the thickness of one layer in the stereolith-
cgraphic 3D printing process,

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

20 second extreme position than to the first extreme po-
sition. A working reglon of the stereclithography ap-
paratus may be sald to exist between the wvat 401 and
the second extreme position of the build platfeorm 402,
because the object to be manufactured will appear

25  within this region. The build platform 402 does not
need to move up to or even close to the second extreme
position during the manufacturing of an cbiject; the
second extreme position may be most useful for making
it easier to detach a manufactured object from the

30 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

35 101, as well as the horizontal support 404 of the
build platform 402. There 1s also a similarly hidden

moving mechanism for moving the 1id 102 with respect
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to the base part 101, This second moving mechanism may
comprise parts inside the base part 101 and/or parts
inside the lid 102. Enclosing essentially all moving
mechanisms within the casings of the base part 101
5 and/or the lid 102 involves the advantage of added
saffety, because it makes 1t improbable that a user
ould get dnjured by any wmoving parts of such mecha-
nisms.

The horizontal support 404 of the build plat-

10 form 402 is shown only schematically in the drawings

Yed

In a pragtical implementation a support of the buile

[N

platform 402 wmay comprise various advanced technical
features, like Joints and/or fine tuning mechanisms
for ensuring that the orientation of the build surface
15 403 1is 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 to 4 is a user inter-
;

20 face, which in this example comprises a touch-

gsensitive display 103 in the 1id 102, The user inter-
face may comprise various functicns for implementing
interactions between the apparatus and its user, in-

cluding but not being limited to butteons for control-

25  ling the movements of the lid 102 and the build plat-

&

form 402. A touch-sensitive displilay i1s an advantageous

feature of a user interface in particular if the ste-

fte

reolithography apparatus 1s to be used in environments
where thorough cleaning and disinfecting are regularly
30 reguired, like at medical and/or dental clinics. Plac~
ing a touch-sensitive display 103 and/or cother paris
of the user interface in a front part of the 1lid 102
is advantageous, Dbecause it makes such parts of the
user interface easily accessible to the user. As such,
35 at: least some parts of the user interface could be in-

clemented in the base part 101L. Yet another possibil-

ity 1s to implement at least a part of the user inter-
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face in a sultably programnmed portable user device,
like a tablet or smartphone, so that short-distance
wired or wireless communications are selt up between

the stereolithography apparatus and the portable user

Significant advantage can he jained by
providing the stereolithography apparatus with an op-
tical imaging detector, installed and directed zo that
at least a part of the working regilon is within the

field of view of the optical imaging detector. If the

optical imaging detector 1s movable between at least
one erating position and some other positions, the

working region should appear within the field of view
of the optical imaging detector at least when the op-
tical imaging detector is in said operating poesition.
An optical imaging detector 1s a device that is capa-
ble of producing optical image data indicative of wha

can be optically detected within its field of view.
Mast coptical imaging detectors can be characterized as
(digital) cameras, but there are e.g. optical imaging
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

Figs. 5 and & illustrate schematically an ex-
ample of how an optical imaging detector 501 may be
installed on the inside of the 1id 102. Closing the
iid 102 brings the optical imaging detector 501 into
an operating position, in which at least a part of the

working region is within its field of view. This is
illustrated alse in fig. 7, in which the l1id iz omit-
ted for graphical clarity. The optical imaging detec-
tor 501 could be placed in some ¢ther part of the 1lid
102 than what is ghown gchematically in figs. 5 and 6.

Placing the optical imaging detector 501 on the inside

of the 1lid 1062 involves also additional advantages
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iike 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 detector,
A yelt further alternative way of supporting

the optical imaging detector 501 would be to fix it to
the base part 101, for exawple 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
needad. The optical imaging detector 501 could also be
installed somewhere in the same vertical surface that
has the slits 301 along which the support 404 noves
the builld platform 402.

The sitereoclithography apparatus shown in
figs. 5 and & comprises a controller 502 coupled to
the optical imaging detector 501 for recelving optical
image data from the optical imaging detector 501. The
controller 502 may ke configured to use such opbtical

image data in controlling operation of the sgtereo-

Lithography appaﬁatu Exanples of such controlling
are described in more detall later in this text. The

roupling between the optical imaging detector 501 and
the controller may be a wired coupling or a wireless

’

coupling, or 1t may comprise both wired and wireless
elements either as alternatives of each other or ang-
menting each other.

The controller 502 1s shown as installed in
the lid 102 in figs. 5 and 6, bhut 1t coold alterna-

. The control-

ot

tively ke installed in the base part 10
ler functioconality could even be distributed so that
some parts of 1t could be implemented with circuits
leocated in the lid 102 while other parts of the con-
troller functicnality could be clemented with cir-

im
cuits located in the base part 131‘ Flacing the con-
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troller in the 1lid 102 may be advantageous if also a
significant portion of the other electronics, like the
user interface, iz placed in the lid 102, because wir-

ing may becoms simpler. The user interface is not

5  shown in figs. 5 and 6 in order to enhance graphical

The controller 502 may be con “igured to exe-
ute a machine vislon process to recognize obljects

c
from the coptical image data it receives from the opti-

-
]
o
|

imaging detector 5H01l. The optical image data is

zgaentially a digital representation of an image reg-
orded by the optical imaging detector 501, and machine
vision in general means extracting informaticon from an
image. Thus by executing a machine vision process the

1%  controller 502 is capable of extracting information
that enables recognizing various objects seen by the
optical imaging detector 501. The controller 502 may
be configured to make decisions based on such recog-
nized objects.

20 One example <of an object that the controller

502 may recognize 1s a resin tank, or a piece of

graphically represented information carried by a resin
cank. In order to provide some background for this
kind of applications, the task of resgin handling is

25 desgcribed in some more detall in the following.
The resin that is to be used in the stereo-
lithographic 3D printing process may be brought teo the
stereolithography apparatus in a resin tank. The des-

ignaticon “resin tank? is used in this text as a gen-

Lad
o]

5
H
1.

eral descriptor of any kinds of containers that may
hold resin in readiness for the regin to be used in a
stereolithographic 3D printing process. The stereo-

lithography apparatus may comprise a holder for remov-

ably receiving a resgin tank toe an operating position

3

Ut

in the stersolithography apparatus. An example of such
a holder is i1llustrated in fig. 7 with the reference

designator 701. Providing a holder for removably re-
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TR, O

ceiving a resin tank involves the advantage that the
user may easily exchange resin tanks to ensure the use

of the most optimal resin for each stereclithographic

W

3D printing job.

5 A resin tank that can be removably received
in the holder 701 may have the form of an elon ga#ed
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

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

resin from escaping the resin tank unless explicitly

desired. Such an elongated, capsule-formed resin tank

can be removably received in the holder 701 so that

the end with the opening is upwards, and the outlel is
o

in or close to the wvat 401 or close

—
o

through which resin may flow to the vat 401.
In the exanple embodiment of fig. 7 a piston
702 1is attached to the same support 404 as the build
platform 402. When the bulld platform 402 noves down-
20 wards in order to assume the first extreme position,

which is the starting position for producing a new ob-

Ject, the piston 702 moves downwards in concert with
the build platform 402. This movement of the piston

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

25 ceived in the holder 701, so that the resin flows out
of the outlet and into the wvat 401. The cover or plug
that covered the opening in the upper end of the resin
tank must naturally have been removed before that, as
well as the means that closed the outlet, unless some

30 mechanism is provided that automatically opens the
opening and/or the outlet when needed.

It must be noted that making the piston 702

r_u
(,...)
Q. @

move in concert with the bus platform 402 is only an

example inmplementation. It involves the advantage that

23
[exi

only one moving mechanism is needed to move two parts.
However, in some applications it may be desirable to

be able to control the delivery of resin intoe the vat
¥
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401 independently of the movement of the builld plat-
form 402. For such applications an embodiment can be
presented in which there are separate mechanisms for
moving the build platform 402 and for delivering resin
from a resin tank to the wat 401, BSuch a separate
mechanism may involve for example a piston that is
otherwise like the piston 70Z in fig. 7 but supported
and moved by a wmoving mechanism of its own.

Only one holder 701 for one resin tank 1s
shown in the drawings, but the stereolithography appa-
ratus may comprise twoe or more holders, and/or a sin-
gle holder may be configured to recelve two or more
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
maltiple resin tanks involves the advantage that dif-
ferent resins 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 of coler. The
stersolithography apparatus might comprise two tanks
of differently pilgmented resin, and these could be de-
livered to the vat in selected proportions so that the
resulting mix of resins in the wvat would change its
color accordingly.

Fig. 8 dllustrates schematically a case in

which a resin tank 801 has been received in the holder

h
<
e
o
z

701. A visible surface {visible in the field o

of the optical imaging detector 501) of the resin tank
801 is provided with a pilece B0Z of graph aiij repre-

sented information. In the exawmple of fig. 8 a barcode
iz wused, but any other form of graphically represented
information could be used, like a QR code oxr 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
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other advantageous uses in the stereolithography appa-
ratus.

The information carried by the piece 802 of
Lly

graphical represented information is or reveals ad-

5  wvantageously something that is pertinent to Jjust that

resin that is contained in that particular resin tank
801. Additionally or alternatively the information
carried by the pilecs 802 of graphically represented
information may be or reveal something that is perti
10 nent to that particular resin tank itself. Said infor-
mation may contain for example one or more of the fol-
Towing: an identifier of resin contained in the resin
tank 801, an indilcator of amount of resin contained in
the resin tank 801, a manufacturing date of resin con-
1%  tailned in the resin tank 801, & best before date of
resin contained in the resin tank 801, unigue identi-
fier of the resin tank 801, a digital signature of a
provider of resin contained in the resin tank 80L.
As an interesting special case, the infor-

20 mation carried by the piece 802 of Lripthally repre-

)

sented information may contain a plece of parameterx

ata. The wcontroll 502, on the other hand, may be
configured to use such a plece of parameter data as a

value of an operating parameter of the stereolithogra»

25 phy apparatus. An operating parameter is a specific
measurable guantity, the wvalue of which has a direct
effect on how the stereolithograpic 3D printing pro-
ceeds, samples of such operating parameters include

but are not limited to the following: a preheating
30 temperature of resin, a layer exposure time, a layer
thickness, a moving speed of a build platform, or a
waiting time between two successive method steps in
stereolithographic 3D printing.

The concept of using a removably attachable

L0
Sy
=~

resin tank to convey a value of an OD@“"f“nj parameten
to the stereclithography apparatus can be generaiized

te cover other than graphically represented infor-
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maticn. Examples of such other ways include but are
not limited to using variocus kinds of memory clrcuits

2 > oy

attached to and/or embedded in the material of suct

(3

—
o9

resin tank. In a general case the resin tank comprises
a machine-readable identifier of the resin tank, and
the stereolithography apparatus comprises a reader de-
vice configured to read in paramster data from a ma-
chine-readable identifier of a resin tank. The reader
device may comprise contact menbers in the holder 701
so that receiving a resin tank in the holder simulta-

2id machine-

&
U

neously connects the reader device to

M

readable identifierx. Alternatively the reader device
may be a wirelessly reading reader device configured
to perform said reading of parameter data without di-
rect physical contact between said reader device and
said resin tank. Exampies of such wirelessly reading
eader devices are radio transceivers (using e.g. NEC
Bluetcooth, or other short-distance radio transmission
technology) and optical imaging detectors. The reader
device may comprise mnmultiple contact-based and/or
wireless technologies for accommodating different
kinds of machine-readable identifiers in resin tanks,

Further in s=aid general case the stereo-
lithography apparatus comprises a controller coupled
to the reader device and configured to receive parame-
ter data read in by said reader device. Sald control-
ler may be configured to use at least a pilece of saild
received parameter data as a value of an operating pa-
rameter of sald stereolithography apparatus.

This way of conveying values of operating pa-
rameters involveg for example the advantage thalt new
kinds of resins may be brought intc use, without the
need to preprogram an automatically operating stereo-
lithography apparatus for thelr most appropriate han-
dling. In comparison, we might consider a case in
which the pilece 802 of graphically represented infor-

mation contained Jjust a specific identifier of the
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kind of resin contained in the resin tank., In such a

case the controller 502 should have access to a li-

brary of previously stored parameter data, so that af-

ter having recoguized the particular resin, it could

5 read the ccorresponding most appropriate values [oxn op-

erating parameters from the library and take them into

use. Conveying one or nore values of parameter data in

the piece 802 of graphically represented information

enables more flexible operation, because such a li-

10 bhrary is not needed at all or because only a limited

library of parameter values 1z needed for those case:

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

As such, 1t i1s not excluded that the stereo-

5 lithography apparatus might have access to an external

database of parameter data and other information con-

cerning resing and resin tanks. For example, 1f a fa-

cility hasg twoe or more stereolithographic apparatuses

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

20  usad in turns, it may be advantageous to have a shared

databas that contains information about the resin

tanks and the resins they contain. In such a c¢ase the

controller 502 could respond to receiving image data

in which a graphical didentifier of a resin tank is

25 found by accessing the database in order to obtain in-

formation about the resin or resgin tank and/or to up-
date the database with information concerning what the
stereolithography apparatus currently‘ does with that

resin or resin tank.

30 Irrespective of whether the reader device is

contact-bhased or wirelessly reading, the reader device
may be configured to perform the reading in of parame-

ter data when the resin tank is in an operating posi-

tion in a holder. In the case of using an optical im-

o

35  aging detector as the reader device this may mean that

-

the optical imaging detector is directed so that a

resin tank, which was removably received to the hold-
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er, is within a field of view of the optical imaging

detector.

!

£ the reader device comprises an optical im-

aging detector, the previocusly mentioned machine vi-
e

5 sion process may be utilized so that the contreller,

3

which 1s coupled to the optical imaging detector for
receiving optical image data from the optical imaging
detector, is configured to execute said machine vision
orocess to recognize a pilece of graphically represent-

1e ed information carried by a regin tank that was re-

O

ceived in the holder. The controller may be configured

to extract parameter data from said recognized piece
of graphically represented information, and to use at

Fay

least a piece of sald extracted parameter data as a

15 value of an operating parameter of sald stereolithog-
raphy apparatus.

Additionally or alternatively the controller
may be configured to generate an alert and/or to in-

terrupt any stereclithographic 3D printing process

20  and/or prevent beginning any stereolithographic 3D

printing process in respense to finding that at least
one plece of said extracted parameter data triggers
some alerting criterion. For ezample, 1f the piece of
graphically represented information carried by the

1

25 egin tank contains a bes hefore date of the resin

ot

and the controller notices that the date has passed
already, it may alert the user so that the user may
then decide, whether the resin can still be used or

N i

whether a tank of fresh resin should be installed in-

30  stead. As another example, 1f the plece of graphically
represented information carried by the resin tank in-

£

resin, and the contreoller has calculated that wmore

dicates that the tank contains a certain amount

O

than such an amount will be needed, it may alert the
35  user s0 that the user may consider, whether a larger
resin tank should be installed. As yet another sxam-

in case the resin tank is not recognized or in

(8]
-

™
w
~
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case it is recognized that it has already been used
earlier, the controller may be configured to prevent
using such particular resin tank. As yet another exam-
ple, 1if the piece 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 ancother resin.

In order to ensure that the user will always

h

attach the resin tank 801 in the right way, so that

P

the plece 802

O

f graphically represented information
is visible to the optical imaging detector 501, the

«

holder 701 may comprise a mechanical key for forecing

£

the resin tank B01 to be received to the stereolithoeg-

raphy apparatus in a predetermined orientation. The

s

resin tank 801 should then comprise a reciprocal slot
or such a mechanical key, for forcing sald resin tank
o be attached to the stereolithography apparatus in
the predetermined orientation. The roleg of & mechani-
cal key and reciprocal 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
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 be one, two, or
more pairs of mechanical keys and reciprocal slots
used for this purpose.

The use of an optical imaging detector as a

-~

reader device involves the particular advantage that

-

the same optical imaging detector can be used also for
other purposes in the stereclithography apparatus.
Such other purposes may even substantiate the provi-

sion of an optical imaging detector even 1if 1t is not

used for reading graphically repregsented information
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from resin tanks. Scme of such advantageous other pur-
poseg are described in the following.
Figs. 9 and 10 illustrate schematically a

art of a stereolithography apparatus that comprises a
] £

o

e

first optical radiator 901 and a second optical radia-
tor 902. In the drawings the optical radiators 901 and
902 are shown as being located in a common ophti
module with the optical imaging detector 501, but this
iz only an ewxample, and any oxr both of them could be
placed elsewhere in the stereolithography apparatus.
It is possible that the sterecolithography apparatus
only comprises one of the first 901 and second 902 op-
tical radiators, or none of them 1f the optical imag-
ing detector 501 is used only for other purposes. 1T
is also possible that the ovrieol;bhcqraphy apparatus
conmprises more than two optical radiatoe

The first optical radiator 901 is configured
to project a pattern upon a portion of the vat 401, In
other words, at least some of the optical radiation
by the first optical radiator 201 hits sone
portion of the wvat 401. If the vat 401 is removable,
this applies when a wvat 401 has been placed into its
intended location within the stereclithography appa-
ratus.

The affected portion of the wvat 401 may be
within the fiesld of view of the coptical imaging detec-
tor 501 when said optical imaging detector 501 is in
its operating position {(i.e. when the 1lid of the ste-
reolithography apparatus, on the inside of which the
optical imaging detector 501 is installed, is in its
closed position). Az was polnted out earlier, the op-

)

tical imaging detector 501 does not need to be in-

talled in the 1lid of the stereclithography apparatus,

(!)

o

ut it could be installed elsewhere. For the purpose
described here it is only required that the optical
imaging detector 1s installed and directed so that

1

said portion of said wvat, onto which the first optical
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radiator 901 projects a pattern, is within the field
of wview when said coptical imaging detector 1is in an
operating position.

Additionally or alternatively there may be a
surface onto which the projected pattern is reflected
from one or more reflective gurfaces 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 stereolithography apparatus
Such a surface may be within the field of view of the
optical imaging detector 501 when the optical imaging
detector 501 is in its operating position. Said one ox
more reflective surfaces may comprise one or more sur-
faces belonging the vat 401, and/or a reflective sur-
face of resin in the vat 401.

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

The principle of using optical image data for
calculating how much resin there is in the vat 401 is
based on the fact that the optical radiation emitted

—

by the firs

+

. optical radiator 801 reflects differently
depending on how much resin, i1if any, there is in the
vat. To this end the first optical radiator 201 should
project the pattern to such portion of the wvat 401
that is vered differently by resin depending on how
much resin there i1z in the wvat. It alsc helps if the
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 1is a

X

laser, configured to project at least one pattern of
laser light upon said portion of the wat 401. The pat-

tern may be a single spot or a distributed pattern
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like a number of single spots, a line, or an illumi-
nated two-dimensional area.

A distributed pattern could be called also a
spatially distributed patiern. It means a pattern that
consists of more than just a single spot {which would
be produced by a single laser beam as such). Distrib-
uted patterns of laser iight can be produced for exam-
ple by physically turning the laser source, and/or by
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, Iike a fan-like
shape or conical shape for example. A fan-like shape
is considered in figs. 9 and 10 as an example: in fig.
9 the view is in the plane of the fan, for which resa-
son the fan-like shape of distributed laser 1
seen as a sgingle line. In fig. 10 the view is perpen-
dicular to the plane of the fan, so that the fan-like
shape 1s clearly seen.

Fig. 13 18 a simplified axcnometric drawing
of a vat 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
resin in the wvat 401 in fig. 13. The portion of the

vat 401, onte which the first ocoptical radiator 401

projects 1lts pattern, comprises a portion of a rim

1301 of the vat 401. The first optical radiator 901 1is
configured to project a distributed pattern upon the
rim 1301 so that a reflection of the projected pattern
extends from an edge of sald rim 103 linearly towards
of the vat 401

Fig, 14 shows an example of how the first op-

a bottom 1302
tical radiator 501 may project more than one wpattern
onte more than one portion of the vat 401, In fig. 14
the first optical radiatcer 901 ig configured to pro-
ject at least two separate distributed patterns of la-

ser light upon said rim: there are two laser beams,
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mensions of the wvat 401 are known, measuring th

24

each distributed into a fan-like shape, so that the

reflection of each distributed pattern extends from an

gdge of the rim linearly towards a bottom of the vat
4

In fig, 15 the sgituation 1is otherwise the
same as in fig. 13, but there 1s some resin in the va
401. Here it 1is assumed that resin absorbs relatively
effectively the laser light emitted by the first opti-
cal radiator 901, while the nmaterial of the vat 401 is
a relatively geood reflector so that a very clear and
sharp reflection 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~

®

ot

length of the linear reflection 1501 is enough to cal-
culate the amount of resin in the wvat 401. In general

it ecan be sald that the contreller, which is coupled

to the optical imaging detector 501 to receive optical

o~

image data, is configured to recognize a reflecticn of
said projected pattern from =zald optical lmage data,
and configured to calculate the amount of resin held
in the vat 401 from one or more detected dimensions of
sald reflection of said projected pattern.

The controller of the stereolithography appa-
ratus may be configured to execute a machine vision
process to lmplement the steps listed above. The con-

oller could first find and select at least 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 said at least one image the con-
troller could examine the coordinates, within the co-
ordinate gsystem of the image frame, of those pixels
that contribute to the cbserved 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-
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ence bhetween the coordinates. Mapping the calculated

'.’P

difference against a look-up table of possible calcu-
lated differences, r executing some other form of a
decision-making algorithm, way give the measured

amount of resin Iin the vat as a result.

(921

A common feature in figs. 13 to 15 is that
the laser in the first optical radiator 901 is config-
ured to preoject the at least one distributed pattern
upen  the rim so that the reflection extends from a

10 horizontal edge of said rim perpendicularly towards a

;.

bottom of the wvat. In other words, the linear refleg~
tion 1501 is a wvertical line on the rim 1301 of the
vat 401, This is not the only possibility. Fig. 16 il-
lustrates schematically an alternative embodiment, in
15 which the laser is configured to project said at least
cre distributed pattern upon said rim so that it ex-
tends from a horizontal edge of sald rim obliguely to-
wards a bottom of said vat. In other words, in fig. 16

the linear reflection 1601 on the rim 1301 is obligue-
20 ly directed.

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

25 15, Changes in the level of the resin in the wvat cause
larger changes 1in the linear reflection 1601 of the
fan~shaped laser beam on the surface of the rim 1301
than in fig. 5. This may make 1t easier to detect
even smaller changes in the amount of resin in the wvat

30 401. Also, if the surface of the resin is smooth and

-9
1
i

reflective enough, one may observe a secondary reflec—
tion 1602 on the surface of the rim 1301, so that the
corner point between reflections 1601 and 1602 indi-
cates quite accurately the level of the resin surface
35  in the vat 401. If the machine vision process recog-

nizes guch a corner point, it may give guite accurate
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esults in calculating the amount of resin in the wvat
49071,

Fig, 17 dillustrates yet ancther alternative

embodiment, In which the distributed pattern is not

(93]

continuous but consists of distinct gpots. Even 1f the
spots are arvanged in a linear form in fig. 17, this
is not a requirement, but the pattern may be of any
shape that makes it possible to calculate, by observ-

£
ing how the reflection differs from one obtained from

[
<

a completely empty vat, and by knowing the dimensions

£

of the vat, the amount of resin currently in the wvat.

1y
i

fig. 18 dillustrates yet ancther alternative
embodiment. Here the first optical radiator 801 1is
configurad to project a spot-like pattern upon a cen-
15  ter portion of the wvat 401, where the pattern 1s re-
flected from the top surface of resin if there is any
in the vat 401. A secondary reflection 1801 appears on

a

g)

the vertical surface that i1s behind the vat 401 in the
steraolithegraphy apparatus. The height 1802 at which
20 the secondary reflection 1801 appears depends on the
gsurface level of the resin in the wvat 401. The con~
troller may find and select at least one image taken
by the optical imaging detector 501 in which an ob-

served secondary reflectlion 1801 of the projected

[
%)

gpot~1like pattern appears upcon the affected surface.
In saild at least one image the controller could exam-
ine the coordinates, within the ooordinate system of
the image frame, of those pixels that contribute to
the observed secondary reflection. As the secondary
30 reflection is spot~-like, the contreoller could find the
average height ooordinate of those pixels contribute
to the observed reflection. This is an example of the
detected dimension of the image of the reflection from
which the amount of resin can be calculated in this
35 emboediment. Mapping the average height against a look~

up table of possible heights, or executing some other
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form of a decis'onwmaking algorithm, may give the

pos

3,

measured amount of resgin in the vat 401 as a result,.

In all embodiments that are described here as
determining the amount of resin in the (fixed or re-
movable) vat it may be noted that actually the detect
ed guantity is the surface level of resgin in the vat
and not {at least not directly) the current volume of
resin in the Yvat. As it depends on the programming of
the controller how the detected quantity is utilized,
for the purposes of this text all references to calcu-
lating or determining the amount of resin can be con-
sidered synonymous and sufficlently equal in meaning

with detecting the surface level of resin.

Enabling the stersclithograpny apparatus to
automatically detect the surface level of resin in the
vat involves a number of advantages Ag an example,
before pumping more resin intce the vat the apparatus
may check, how much resin (if any) is there already.
Since the resins may be relatively expensive, and
since it may be cumbersome to draw any resin back int
any kind of tank or other long-term repoesitory, it is
advigable to always use up all resin that was already

cunped into the vat. This 15 more or less synonymous

-

to only delivering as much new resin, to augment any
already present in the wvat, as is needed to complete
the next known task of stersclithographic 3D printing.
For a piece of control software that receives instruc-
tions to manufacture a particular three-dimensional
obiject 1t is relatively straightforward to calculate
the volume of the cbiject to be manufactured. The cal-
culated volume iz then the same as the amount of resin
that will be needed to actually manufacture the ob-
Ject.

Taken that stereolithography iz based on pho~-
topelymerizing only some strictly delimited portions
of resin, care should be taken not to use such optical

radiators for other purposes (like measuring the
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amount. of unused resin in the wvat) that could cause
unintended photopolymerization. Therefore 1t 1is advis~
able to select the first optical radiater 501 so that
it is configured to only emit optical radiation of
5  wavelengths longer than or at most egual to a prede-
fined cutoeff wavelength. Said cuteff wavelength should
be selected longer than wavelengths used to photopoly-
merize resins in stereclithography. Ultraviolet radia-
tion is often used for photopolymerizing, so sald cut-
10 off wavelength could be in the range of visible light.
Laser light is monochromatic, so if a laser source is
used in the first optical radiator 901, the wavelength
of the laser light is synonymous toe sald cutoff wave-
length. Naturally the wavelength of the first optical

15 radiator 3501 must be selected 3o that its reflection

is easily detectable by the optical imaging detector
501.
Ancther purpose for which an optical imaging
detector 501 - together with a second optical radiator
20 902 -~ can be used in a stereclithography apparatus is
, 4 5o

shown in figs. 11 and 12. To provide some background,

it may be noted that the bulld surface 403 of the

bulld platform 402 will come very close to the bottom
of the vat in the beginning of a stereolithographic 3D

25  printing Jjob. Te¢ this end, the bulld surface 403
should be appropriately directed, and clean of any
pieces of any solid substance, before the build plat-
form 402 is lowered into the starting position, which
is the first extreme positiocn menticned earlier. Un-

30 fortunately it may happen that the user has forgotten
to detach the previously manufactured object from the
build surface 403. Even if the user has detached the
actual object that was manufactured previously, it may
happen that some sclid parts remain on the builid sur-

face 403. These may be for example support strands or

(J
[Sa)

bridges or base layers that had to be produced as a

part of the previous 3D printing job for providing me-
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chanical stability, even if they did not form part of
the actual object to be manufactured.
Moving the bulld platform into the first ex-

treme position with anyvthing solid attached to the

’D

build surface may have serious consequences, like
breaking the bottom of the wvat or damaging the moving
mechanism and/or support structure of the bulld plat-
form. One possible protective measure might be moni-
toring the load experienced by the moving mechanism
when the builld platform is moved towards the first ex-
treme position and stopping the movement if the load

oy

seems Lo increage. However, obsgerving an increasing
leoad in the moving mechanism means that contact was

made already between the undesired solid remnants on
the build surface and the bottom of the vat, so it may
he too late already.

Figs. 9 to 12 illustrate a principle of using
a {second) optical radiator 902 and the coptical imag-
ing detector 501 to set up protective measures that
help to prevent any accidental moving of the build
platform 402 too close to the bottom of the vat 401 if
there are any unwanted solid remnants on the build

1

surface 403, Said principle is based on using the sec-

ond optical radiator 90Z to project a pattern onto the
build surface 403 while it is in the field of view of
the optical imaging detector 501, and examining a re-
flection of said pattern to determine, whether the ob-
servad form of the reflection indicates that there
could be anything else than Just the planar surface
there that should be.

From the previous description it wmay be re-
called that the stereolithography apparatus conprises
a moving mechanism configured to move the build plat-
form 402 in a working movement range between first and
second extreme positions. The second optical radiator
502 is configured to project a pattern upon the build

surface 403 when the build platform 4302 is in at
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least one predetermined position between said first

and second extreme positions. The optical imaging de-

tector 501 is installed and directed so that a reflec—

tion of sald projected pattern is within its field of

(&3]

view when the build platform 402 is at sald predeter-
mined position. A controller of the stereclithography
apparatus 1is coupled to the optical imaging detector
501 for receiving optical image data from the optical
imaging detector 501. The controller is also config-
10 ured to use said optical image data to examine the
build surface 403 for exceptions from & default form
of the build surface.
In order to be sure that no part of the build
surface 403 contains any unwanted solid remnants, it
15  would be advantageous to cover the whoie bulld surface
403 with the projected pattern. This can be done fo
example by using a laser source and a lens that dis-
tributes the laser beam intoe a regular two-dimensional
matrix of dots c¢lose to each other. A machine vision
20 algorithm could then analyze the image taken by the
yprical imaging detector 501 to tell, whether there is
any lrregularity in the array of dots seen in the im-
age.

ifferent apprcach is taken in the

e
423

R
P.)
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embodiment of figs. S to 12. The second optical radia-
tor 202 is configured to project said pattern upoen an

By

affected part of the build surface 403, and this af-
fected part changes position across the build surface
403 when the builld platform 402 moves through a range
30 of positions on its way between the first and second

axtreme positions according to arrow 1101 in fig. 11.

Said range of positions does not need to oe-
cupy the whole range between the first and second ex-

treme positions, but preferably only a small sub-range

o8]
5

thereof. 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
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of the projected pattern appears. In other words, each
position within sald range of positions must be a pre-
determined position as described above, i.e. one atbt
which a reflection of the pattern proijected by the
second optical radiator 902 upon the bulld surface 403
ig within the field of view of the optical imaging de-
tector 501,

In this embodiment the way in which the sec-
ond optical radiator 902 emits optical radliation may
stay the same while the build platform 402 mnoves
through said range of positions. 8Said movement makes

the emitted optical radiation hit different parts

“‘n

N

the bulld surface 403 at each poesition 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. Knowing the form of the reflec-
tion that the

emitted optical radiation should produce
on a completely flat (or otherwise well known) form of

i

a build surface 403, 1f any exceptions from such an
expected form are observed by the optical imaging de-
tector 501, it means that there 1is something on the
build surface 403 that shouldn’t be there.
‘n the embodiment illustrated in figs. 2 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 radiateor 902 may comprise at least one laser
source and abt least one lens configured to distribute
a linear laser beam produced by said laser source into
a fan-like shape. The reflection that is conseqguently
produced on the builld surface 403 1is a straight line
1102 that crosses the build surface 403 at a position
that depends on the height at which the build platform
402 is.
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The controller of the stereolithography appa-

s}

ratus may be configured to execute a machine vision
process to decide, whether the optical image data re-
ceived from the optical imaging detector 501 indicates
5  exceptions from a default form of the builld surface
403, In the embodiment described above, in which the
build surface 403 is flat and the second optical radi-
ator 902 produces a fan-shaped laser beam, the con-
troller could first find and seslect all images taken
10 by the optical imaging detector 501 in which an ob-
sarved reflection of the fanmshaped Jaser beam appears
on the build surface 403. In each of these selected
images the controller could examine the coordinates,

within the coordinate system of the image frame, of

—
[ G

those pixels that contribute to the observed reflec-
tion of the fan-shaped laser beam. The controllex
could fit a straight line to the coordinates of these
pixels, and calculate one or more gtatistical de-
scriptors that tell, how well the coordinates of said

ol Ry

20 pizels obey the eguation o¢f such a

tedm

tted straight
line. If any of these statistical dc\bLiptors is larg-
er than some predetermined threshold wvalue, the con-
troller could decide that an exception from a default
form of the build surface 403 was found.

25 in place of {or in addition to} the observed
reflection of the projected pattern on the build sur-
face, a secondary refiection 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

30  wvertical surface of the body part that is next to the
build platform during its movement. Any remaining so-
lidified resin on the build surface may cause distor-
tions to the secondary reflection, which can be de-

tected in a way similar to that explained above in as-

£ 3,

sociation with the (primary) reflection on the build

2
(%2

surface.
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In general, the controller may be configured
either allow the operation of the stereolithography
tus to continue as a response to finding no ex-

ceptions from said default form of said build surface,

[Gxi
O
-
i
o

rrupt operation of the stereclithography appa-
ratus as a response. to finding exceptions from said
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,
10 prompting the user to check the build surface and re-

move any remnants of sclidified resin.
Taken that stereoclithography is based on pho-~
topolymerizing only some strictly delimited portions

of resin, care should be taken not to use such optical

r
I

radiators for other purposes (like examining the build
surface for exceptions from its default form) that
could cause unintended photopolymerization. Therefore
1t is advisable to select the second optical radiator
802 so that it 1s configured to only emit optical ra-
20 diation cof wavelengths longer than or at most egual to

a predefined cutoff wavelength. Said cutoff wavelength
should be selected longer than wavelengths used to

3

photopolymerize resins in stereolithography. Ultravio-
let radiation is often used for photopolymerizing, so

3 €=

gsaid cutofl wavelength could be in the range of visi

(S

3]
{85!

ble light. Laser light is menochromatic, so if a laser
scurce 1is used in the second optical radiator 902, the
wavelength of the laser light is synonymous to said
cutoff wavelength. Naturally the wavelength of the
30 second optical radiator 902 nust be selected so that
its reflection is easily detectable by the optical im-
aging detector H01.
Fig. 19 illustrates an embodiment that can bhe

used to examine the build surface for exceptions from

A2
{1

its default form in place of or in addition to the em-
bodiment scribed above. In the embodiment of fig. 19

a pattern 1901 of some predetermined kind appears in
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the field of view of the opt;ca imaging detector 501
at least when the optical i ng detector 501 is at

one position. The location of the pattern 1981 has
further been selected so that at some mutual position~-
5 ding of the optical imaging detecteor 501 and the build
platform 402 the latter partially covers the pattern
1901 in the field of view of the former. In particu-

lar, at said mutual positioning of the optical imaging

detector 501 and the build platform 402, a view taken

et
<

from the optical imaging detector 501 exactly along
the build surface 403 intersects the pattern 1801.

If the bulld surface 403 is clean and planar,
an image taken by the optical imaging detector H01 at
said mutual positioning shows the pattern 1901 neatly
ih  cut along a straight line. The controlier of the ste-
reolithography apparatus may execute a machine vislon
process toe examine, whether this is true or whether

the part of the pattern 1201 visible in the image ap-

pears distorted in any way. Any distorticon in the line
20  that delimits the part of the pattern 1901 visible in

the image indicates that some remnants of solidified

resin may have been left on the build surface 403,

4=
-

The mutual positioning of the optical imaging

detector 501 and the bulld platform 402 that appears

25  in fig. 19 may be achieved for example during the
movement when the builld platform 402 moves down Lo-
wards the starting poesition of stereclithographic 3D
printing, as illustrated by arrow 1802 in fig. 19. An-

other possibiliity to achieve said mutual positioning

30 is when the optilcal imaging detector 501 moves down-
wards as 1illustrated by arrow 1803, as a part of a
closing lid to which the optical imaging detector 501
ig dinstalled. Said mutual positioning can also be
achieved by intentionally moving at least one of the

35 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 purpoese.
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Fig. Z0 iz a schematic block diagram that il-

T
4]

lustrates some parts of an example of a stereclithog-

¢

raphy apparatus according to an embodiment.

A controller 2001 has a central role in the
operation of the apparatus. Structurally and function-
ally it may bes based on ong or moere processors config-
ured to execute machine~-readable instructions stored
in one or more memories that may comprise at least one
of built-in memories or detachable memories.

A 1id mechanism 2002 comprises the mechanical
and electrical parts that serve the purpose of moving
the iid that opens or closes the working regicn.

A build platform mechanism 2003 comprises the
mechanical and electrical parts that serve the purpose
of moving the bulld platform betwsen its first and
second extreme positions. The build platform mechanism
2003 may also comprise parts that serve to ensure cor-
rect angular positioning of the build platform.

A resin delivery mechanism 2004 comprises the
mechanical and electrical parts that serve the purpose
of pumping resin inte the wvat, and possikly draining
unused resin from the vat back into some long-term re-

ository.

453
r—J
O

e

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

An exposure radiator cooler part 2006 com-
prise the mechanical, electrical, and thermal pazrts
that serve the purpoese of maintaining the exposure ra-
diation emitter part 2005 at 1ts optimal operating
temperature.

A resin heater part 2007 comprise the mechan-
ical, electrical, and thermal parts that serve the

purpose of pre-heating the resin into & suitable oper-
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ating temperature and maintaining it there during the
stereclithographic 3D printing process.

A reader{s) and/or sensor{s) blilock 2008 com-

prises all devices that can be classified as readers

5 or sensors. For example all optical imaging detectors
of the kind described sarliier, as well as optical ra-
diation emitters that serve other purposes than photo-
polymerizing resin during the stereolithegraphic 3D
printing process belong to the reader(s) and/or sen-

10 sox{s) block 200¢

The stereolithography apparatus may comprise

D]

[

a data interface 2009 for exchanging data with other
devices. The data interface 2009 can be used for exam-
ple to receive from some other device the 3D modelling
15 data that describes, what kind of an cobject should be
produced through sterecolithographic 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 monitoring

20 computer.
The stereolithography apparatus may comprise
a user interface 2010 for exchanging information with
ong or more users. The wuser Interface 2010 may com-

P

prise tangible, local user interface msans for facili-

25  tating immediate interaction with a user next to the

stereolithography apparatus. Additiconally or alterna-

tively the user interface 2010 may comprise software

and communication means for facilitating remote opera-

tion o«of the stereclithography apparatus for example

30 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 stereclithography apparatus may comprige

a power block 2011 configured to convert operating

35 power, such as AC from an electricity distribution

network, into voltages and currents needed by the var-

ious parts of the apparatus and to szafely and reliably
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deliver such veltages and currents to said parts of
the apparatus.
Fig. 21 illustrates schematically a method of

operating a stereolithography apparatus. This embodi-

ment of the method comprises using an optical imaging

detector to obtain optical image data from at least a
part of a working region of the stereolithography ap-~
paratus at step 2101. The method comprises conveying

said optical image data to a controller of the stereo-

lithography apparatus at step 2102, and using said op-
tical image data in controlling operation of the ste-

reolithography apparatus at step 2103.

oM

@]

Fig. 22 illustrates how the method may
prise, as a step 2201 prior to step 2101, a step of
opticaily projecting a first pattern upon a portion cof
a vat of said stereoclithography apparatus. In this
case the step 2101 illustrated in fig. 21 may comprise
generating a digital representation of an optical im-
age of said portion of sald vat or of a surface on
which a reflection of said pattern appears. Step 2103,
on the other hand, may comprise calculating an amount
of resin in saild vat using sald digital representa-
tion. The first pattern projected at step 2201 may be
a spot~like pattern, or a distributed pattern of laser
light that gets reflected by a portion of a rim of
said vat. The first pattern may comprise a line across

a portion of said rim, and the method may compri de~

-3

tecting from said digital representation the len gth of
a first reflected part of said line that optically ap-
pears different than the rest of sald line. Addition-
ally or alternatively the first pattern may comprise a
spot: in the middle part of the wat, and the method may
comprise detecting from said digiral representation
the location of a secondary reflection that optically

appears at a different location depending on the sur-

F resin in the vat.

-

face level ©
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Fig, 23 illustrates how the method may com-
prise, as a step 2301 prior to step 2101, a step of

optically projecting a second pattern upon a build

surface of a build platform of said stereolithography
5 apparatus. In this case the step 2101 illustrated in

fig. 21 may comprise qenerating a digital representa-

tion of an optical image of that portion of said build

fte
¥

surface upon which the second pattern is projected.

Step 2103, on the other h:

r../

nd, may comprise using said
10 digital representation to examine saild bulld surface
for exceptions from a default form of said build sur-

face, Sald secor

-

d pattern may comprises a line across

;J'.)
f"’s

saild art. of said build e and the method may
R Y

comprige detecting from id digital repregentatior
15  any optically appearing irregularities of a reflection
of said line. The method may further comprise compar-
ing a representation of sald second pattern found in

saild optical image to a default representation of said
second pattern. The method way further comprise elther

20 allowing the operation of fthe stereolithography appa-
Y b 43 Y Mi

ratus to continue as a response to finding said repre-
sentation of said pattern to be the same as sald de-

fault representation, or interrupting operation of the

stereolithography apparatus as a response to finding
.F

DN
ot

gald representation of sald pattern to dif:

said default representation.

Fig. 24 Jdustrates schematically a method of

operating a stereclithography apparatus. This embodi-
ment of the method is particularly suited for enabling

30 the controller of the stersclithography apparatus o
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 fox
Jjust that sin are not stored beforehand in any 1i-

35 bhrary of opexating paraneter values in the stereo-~

lithography apparatus itself.
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The method of fig. 24 comprises using a read-
er device to read Iin parameter data from a resin tank
at step 2401. The reader device used in step 2401 may
be an optical imaging detector, or it may be some oth-

5  er kind of reader device.

The method comprisges also conveying the read-
in paramster data to a controller of said stereo-
Lithography appavatus. Typically the read-in parameter
data needs to be decoded at step 2402, for example so

10  that a bit string that appeared in digital image data

7

at the controller received from an optical imaging

[a)

a

detector or other kind of reader device 1s converted
into a numerical value according to a predetermined
decoding method. The method comprises also using a

1% piece of said conveyed parameter data as a value of an
operating parameter of sald stereolithography appa-
ratus at step 2403.

The piece of conveyed parameter data may com-

prise -~ and may be used as -~ a preheating temperature

20  of resin, a layer exposure time, a laver thickness, a
moving speed of a build platform, and/or a walting
time between two successive method steps in stereo-
Lithographic 3D printing. Using the piece of conveyed
parameter data for other purposes is not excluded.

25 The method may comprise comparing sald plece

f said conveyed parameter data to information indica-

i

tive of an allowable range of parameter wvalues. That
kind of dnformation may be previously store

memory of the stereolithography apparatus in order to

(VS
<

ensure that it will not attempt operating with parame-
ter values that arve not safe or otherwise not recom-
endable. The method may comprise allowing the opera-
tion of the sterseolithography apparatus to continue &g
a response to finding sald plece of said conveyed pa-

rameter data to be within saild allowable range of pa-

2
e

rameter values as illustrated with the reference des-

ignator 2404. The method may also comprise preventing
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or interrupting operation of the stereolithography ap-
paratus according to step 2405, as a response to find-
ing said piece of sald conveyved parameter data to be
out of sgaid allowable range of parameter values as il-

5 lustrated with the reference designator 2406.
It dis cbvicus to a person skilled in the art
that with the advancement of technology, the basic

idea of the invention may be implemented in vario

font
wn

ways. The invention and its embodiments are Lhus not
10 limited to the examples described above, instead they

may vary within the scope of the claims.
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CLAIMS
1. Stereolithography apparatus, comprisings:

-~ a reader device (501, 2008} configured to read in
parameter data from a machine-readable identifier

(802 of a resin tank {(801), and

- & ntroller (502, 2001} coupled fto said reader de-
vice (501, 2008) and configured to receive parameler
data read in by said reader device (501, 2008);

wherein sald controller (502, 2001) is configured to
perform at least one of: using at least a pilece of

aid recelived parameter data as a value o

{0

ing parameter of salid stereolithography apparatus, in-

ng stereolithographic 3D printing pro-

terrupt an ongo
cess in response to finding that at least one plece of
gald received parameter data triggers an alerting cri-

terion.

2. A stereolithography apparatus according to
claim 1, wherein sald reader device (501, 2008} is a
wirelessly reading reader device configured to perform
said reading of parameter data without direct physical
contact between said reader device {501, 2008) and

said resin tank (801).

3

3. A

claim 2, wherein sald reader device {501, 2008) com-

L')

ereolithography apparatus according to

prises at least one of: radio transceiver, optical im-

aging detector (501).

4. A stereolithography apparatus according to

claim 3, comprising a holder (701) for removably re-

[

Cg

ving said resgin tank (801) to an operating position
in said stereolithography apparatus, wherein said
reader device (501, 2008) is POﬁflqur d to perform
said reading in of parameter data when said resin tank

801) 1s in said operating position.
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5. A stereolithography apparatus according to
claim 4, wherein saild reader device {501, 2008 S Aan

optical imaging detector (501) directed so that a res-
in tank (801} removably received to said holder (701)

is within a field of view of said optical imaging de-

6. A stereolithography apparatus according to
claim 5, wherein saild field of view of said optical
imaging detector (501) encompassesg also at least one
of: a portion of a vat (401) of said stereolithography
apparatus, a vat holder for receiving a vat, a build
surface (403) of a build platform (402} of said stere-
olithography apparatus in at least one position along

a working movement range of said build platform {(402).

7. A stereolithography apparatus according to
any of claims 4 to 6, wherein said holder (701) com-
prises at least one of:

- a mechanical key or

- a reciprocal slot for a mechanical key

for forcing said resin tank (801) to be received to

said stereocolithography apparatus in a predetermined

o}
b
0

o

ereolithography apparatus ac,vfding to
any of the preceding claims, wherein said controll
(502, 2001) is co rlgur>d to use said pilece of saild
recelived parameter data as at least one of the follow-
ing: a preheatinq temperature of resin, a laver expo
sure time, a layer thickness, a moving speed of a
build platform (402), a waiting time between two suc-
cessive method steps in stereolithographic 3D print-

ing.

9. A& stereolithography apparatus according to
any of the preceding claims, wherein said controller

{502, 2001) is configured to use at least a plece of
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sald received parameter data as at least one of the

following: an identifier of resin contained in the
resin tank {801), an indicator of amount of resin con-

tained in the resin tank (801), a manufacturing date
5 of gin contained in the resin tank (801), a best
fore date of resin contained in the resin tank (801},
unigue identifier of the resin tank ({(801), a digital
signature of a provider of resin contained in the res-

in tank (801)

10 10. A reain tank (801} feor a stereolithogra-
phy apparatus accerding to any of the preceding

ach

claims, comprising a m 1ine~readable identifier (802)

containing parameter data for use as at least one val-

ue of an operating parameter of said stereolithography

15  apparatus.

1. A resin tank {801} according tce claim 10,
wherein sald machine-readable ildentifier (802) con-
prises at least one of: a radio readable identifier,
an optically readable identifier (802).

20 12. A resin tank {(B01l) according to any of
claims 10 or 11, comprising at least one of:
~ a mechanical key oz
- a reciprocal slobt for a mechanical key
for forcing said resin tank (801) to be attached to
25  said stereolithography apparatus in a predetermined

orientation.

13. A method of operating a stereclithography
apparatus, comprising:
~ using a reader device to read in (2101, 2401) param-
30  eter data from a resin tank,
- conveying (2102) the read-in parameter data to a
controller of sald stereolithography apparatusg, and

- using (2103, 2403) a pilece of saild conveyed parame-
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ter data as a value of an operating parameter of said
stereclithography apparatus.
14. A method according to claim 13, wherein
said plece of said conveyed parameter data comprises
5  and 18 used as at least one of the following: a pre-
heating tenmperature of resin, a layer exposure time, a
layer thickness, a moving speed of a build platform, a

wallting time between two successive method steps in

stereolithographic 3D printing.

e
O
=

10 15. A method according to any of claims
14, comprising:

comparing saild piece of said conveyed parameter data

to information indicative of an allowable range of pa-

rameter values, and

Joet

k ~ elther allowing (2403) the cperation of the stereo~-
lithography apparatus to continue as a response t
finding (2404) said piece of
data to be within said allowable range of parameter
values, or preventing or interrupting (2405) operation

21 of the stereclithography apparatus as a response Lo

findinq (£406¢) said pilece of said conveyed parameter

a
ata to be out of said allowable range of parameter

L

(e
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