wo 2016/173668 A 1[I I N0V 00000 OO O 0 O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2016/173668 Al

(51

eay)

(22)

(25)
(26)
1

(72)
1

74

International Filing Date:
30 April 2015 (30.04.2015)

English
Publication Language: English

Applicant: HEWLETT-PACKARD DEVELOPMENT
COMPANY, L.P. [US/US]; 11445 Compaq Center Drive
West, Houston, Texas 77070 (US).

Filing Language:

Inventors; and

Applicants (for US ornly): LOPEZ, Miguel Angel
[ES/ES]; ¢/o Hewlett-Packard Espanola, S.L., Cami de Can
Graells, 1-21, E-08174 Sant Cugat del Valles (ES).
RODRIGUEZ ALONSO, Raul [ES/ES]; c¢/o0 Hew-
lett-Packard Espanola, S.L., Cami de Can Graells, 1-21, E-
08174 Sant Cugat del Valles (ES). QUINTERO RUIZ,
Xavier [ES/ES]; ¢/o Hewlett-Packard Espanola, S.L., Cami
de Can Graells, 1-21, E-08174 Sant Cugat del Valles (ES).

Agent: BOEHMERT & BOEHMERT ANWALTS-
PARTNERSCHAFT MBB; LIESEGANG, Eva, Petten-
koferstrafle 20 - 22, 80336 Munich (DE).

3 November 2016 (03.11.2016) WIPO|PCT
International Patent Classification: (81)
B29C 67/00 (2006.01)

International Application Number:
PCT/EP2015/059564

(84)

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: MISALIGNMENT DETECTION FOR A 3D PRINTING DEVICE

Fig. 6

(57) Abstract: Misalignments of a 3d printing device may
be detected by providing a reference pattern in a print zone
of the 3d printing device, wherein the reference pattern com-
prises a plurality of reference marks, printing a test pattern
on the reference pattern by means of the 3d printing device,
and comparing the test pattern with the reference marks.



10

15

20

25

30

WO 2016/173668 PCT/EP2015/059564

Misalignment Detection for a 3d Printing Device

Background

The disclosure relates to additive manufacturing techniques, also known as three-
dimensional (3d) printing. 3d printing is rapidly evolving as a versatile manufacturing
technique that allows to replace or complement manufacturing techniques such as mold-
ing, cutting, or grinding. Candidates for 3d printing include functional and aesthetic
components of machinery, consumer products, and industrial products that are produced
in short runs and, in particular, highly customized and high value products. These prod-
ucts usually need to be fabricated with carefully-controlled dimensions, smooth surfaces,
and good detail. Misalignments of the 3d printing device may lead to geometrical distor-
tions and deviations. The present disclosure is concerned with techniques for detecting
and correcting misalignments of a 3d printing device so to enhance the quality of the 3d

printing.

Brief Description of the Drawings

Fig. 1 is a conceptual perspective drawing of an example of a 3d printing
device;
Fig. 2 is a flow diagram of an example of a method for detecting a misa-

lignment of a 3d printing device;

Figs. 3ato 3d are schematic views to illustrate the method according to Fig. 2 in

additional detail,;
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Fig. 4 shows an example of a reference sheet that can be employed in the

context of the present disclosure;

Figs. Saand 5b show a detail of the reference marks before and after printing of the

test pattern, respectively;

Fig. 6 is a conceptual perspective drawing of another example of a 3d
printing device, incorporating a media feeding unit to automatically

feed a reference sheet to a print zone according to an example; and
Fig. 7 is a conceptual drawing of a still further example of a 3d build unit
and printing device in which a reference pattern is permanently en-

graved into the print zone.

Detailed Description

The disclosure generally relates to a method for detecting a misalignment of a 3d print-
ing device, comprising providing a reference pattern in a print zone of a 3d printing
device, said reference pattern comprising a plurality of reference marks, printing a test
pattern on said reference pattern by means of said 3d printing device, and comparing
said test pattern with said reference marks to detect a misalignment of said 3d printing

device.

A comparison of said test pattern printed by means of said 3d printing device with said
reference marks may allow to detect misalignments of said 3d printing device reliably,
quickly and with high accuracy. The method according to the present disclosure may be
employed at regular intervals during the lifetime of the 3d printing device, either by the

user of the 3d printing device or by service personnel.

Based on a comparison of said test pattern with said reference marks, it may be deter-

mined whether misalignments are present in the 3d printing device. If so, these misa-
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lignments may subsequently be corrected by re-calibrating the 3d printing device.

The techniques described in this disclosure are versatile, and may be employed in a large
variety of 3d printing technologies. For instance, the 3d printing device may be an inkjet
type printing device which delivers a liquid or colloidal binder material, such as a liquid

fusing agent to layers of a powdered build material.

Said reference marks may comprise any pattern or characters against which said printed
test pattern may be compared. In particular, said reference marks may comprise lines,
hatchings, one-dimensional or two-dimensional geometrical objects, characters, or num-

bers.

In an example, said reference pattern comprises a first set of reference marks extending
in a first direction, and a second set of reference marks extending in a second direction

different from said first direction.

In particular, said second direction may be perpendicular to said first direction.

Providing the reference marks on the reference sheet in different spatial directions al-

lows to reliably detect different types of misalignment.

A misalignment, in the sense of the present disclosure, may denote any deviation of the
print output from the planned or projected output, in particular any spatial and/or angular

deviation.

For instance, said misalignment may comprise a scan axis displacement and/or a print

head axis displacement and/or an angular displacement.

For instance, said misalignment may comprise a misalignment of printheads of a 3d

printing device.
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Some 3d printing devices may be provided with build units that may comprise a printing
platform and/or powder container, and may be removably integrated into a 3d printing
device that comprises a printing unit. In these examples, a misalignment may refer of a

misalignment of said build unit with respect to said printing unit.

Said 3d printing device may comprise a plurality of printing units, and said reference
pattern may comprise a plurality of reference marks corresponding to said respective

printing units.

In particular, each said printing unit may comprise at least one print head.

Providing the reference marks in correspondence with the printing units allows to detect
misalignments of the individual printing units separately, as well as misalignments of

one printing unit with respect to another printing unit.

Said comparing said test pattern with said reference marks may comprise determining a

location of said test pattern relative to said reference marks.

A test pattern, in the sense of the present disclosure, may denote any pattern that can be
printed by means of said 3d printing device and is suitable to be compared with said

reference marks.

In an example, said test pattern comprises a pattern of 2d objects and/or a pattern of 1d

objects.
In particular, said test pattern may comprise a plurality of lines.
In an example, said 3d printing device may be adapted to print a liquid printing fluid, in

particular ink, on said print zone, and printing said test pattern may comprise the printing

of said printing fluid.
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In particular, said two-dimensional test pattern or said one-dimensional test pattern may

be printed on said reference pattern by printing said printing Eﬂlﬁd}[bbl]i.

A test pattern comprising two-dimensional objects and/or one-dimensional objects is
well-suited for comparison with said reference marks. Moreover, a 2d or 1d test pattern
can be printed quickly and with minimum waste of printing material. In some applica-
tions, the techniques of the present disclosure may be employed in an inkjet-type print-
ing device adapted for printing both a liquid printing fluid, such as ink, and/or a liquid
fusing agent. Printing said test pattern in these applications may involve merely the
printing of said printing fluid, without the printing of said liquid fusing agent, and may
allow for an accurate detection of misalignment without any waste of 3d printing materi-

al or fusing agent.

However, the disclosure is not limited to a two-dimensional or one-dimensional test
pattern, and may also comprise a three-dimensional test pattern printed on said reference

pattern.

Said method may further comprise correcting a detected misalignment of a printing unit

of said 3d printing device based on results of said comparing.

Said reference pattern need not be a permanent constituent of the print zone or 3d print-
ing device, but may rather be provided on an external media, in particular a media spe-
cifically inserted into said 3d printing device for the purpose of detecting said misalign-

ment.

In an example, providing said reference pattern comprises placing a reference sheet in

said print zone, said reference sheet comprising said reference pattern.

In particular, said reference sheet may be placed removably in said print zone.
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Providing said reference pattern on an external media has the benefit that the reference
pattern may be adapted depending on the applications. Moreover, after the test pattern
has been printed on the reference sheet, the reference sheet can be removed from the 3d
printing device, and hence the test pattern does not interfere with subsequent 3d printing.
Once the 3d printing device shall be recalibrated, this can be done simply by inserting a

fresh reference sheet into the print zone.

A reference sheet, in the sense of the present disclosure, may comprise any media that
may be provided with reference marks and may be placed in a print zone of a 3d printing
device and is suitable to be imprinted with said test pattern. The reference sheet may
comprise a sheet of paper or a plastic or metal foil.

Said reference marks may be printed on said reference sheet.

In particular, said reference sheet may be a sheet printed with a reference printer. Said

reference printer may be different from said 3d printing device.
Printing the reference sheet with a reference printer different from said 3d printing de-
vice allows to establish an independent reference against which the 3d printing device

may be tested, so as to detect misalignments with a high degree of accuracy.

In an example, said method may further comprise printing said reference sheet, in par-

ticular by means of a reference printer different from said 3d printing device.

In particular, said reference sheet may be removably placed in said print zone.

In an example, said reference sheet may be placed manually in said print zone.

Placing the reference sheet manually is quick, and does not rely on sophisticated equip-

ment,
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However, the disclosure is not so limited, and alternatively comprises automatically

placing said reference sheet in said print zone.

In particular, said reference sheet may be fed to said print zone by means of a media

feeding device.

An automatic media feeding may enhance the user comfort.

In an example, said method further comprises removing said reference sheet from said
print zone, in particular after said printing said test pattern on said reference sheet by

means of said 3d printing device.

The removal of said reference sheet from said print zone may be done manually or au-
tomatically, and may facilitate the comparison of said test pattern with said reference

marks.

However, the disclosure is not limited to reference patterns on a removable reference
sheet. Rather, at least part of said reference pattern may be permanently incorporated

into said print zone.

For instance, said reference pattern may be engraved into said print zone.

A permanent reference pattern (as opposed to a transient, removable reference pattern)
does not rely on any paper feeding, and may hence reduce the system complexity and

enhance the user comfort.

Said method may further comprise removing said printed test pattern from said reference

pattern.

A cleaning of a previous test pattern may prepare the 3d printing device for another

calibration in which a new test pattern is printed.
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Comparing said test pattern with said reference marks may be done manually by a user,

such as by visual inspection.

A manual comparison can be done quickly, and does not rely on sophisticated sensor

technology, thereby facilitating the setup and operation of the 3d printing device.

In an example, said reference marks comprise a scale, and comparing said test pattern

with said reference marks may comprise reading off said scale.

Said method may further comprise inputting said readings of said scale to correct a
misalignment of said 3d printing device, or a misalignment of a build unit and/or print-

ing unit of said 3d printing device.

For instance, the user may read off said scale and input said readings into said 3d print-
ing device, thereby allowing said 3d printing device to compute corrections in the posi-
tioning and movement of the printing unit of the 3d printing device so that misalign-

ments may be fully compensated or minimized.

However, the disclosure is not limited to a manual comparison. Comparing said test
pattern with said reference marks may also be done automatically by said 3d printing
device, for instance by employing sensor means to automatically compare said test pat-

tern with said reference marks.

Based on the results of the comparing, the 3d printing device may then autocorrect the

detected misalignment without substantial user interference.

The disclosure also relates to a build unit for a 3d printing device, comprising a print
zone with a reference pattern, said reference pattern comprising a plurality of reference

marks.
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Said print zone may comprise a powder platform.

Said build unit may further comprise a storage container for 3d printing material, such as

printing powder.

In the sense of the present disclosure, a build unit may be permanently and fixedly in-

corporated into said 3d printing device.

Alternatively, said build unit may be a separate unit adapted to be removably inserted

into a 3d printing device.

Said print zone may be adapted to removably hold a reference sheet, said reference sheet

comprising said reference pattern.

For instance, said print zone may be provided with fixation means to removably hold
and align said reference sheet in said print zone. Said fixation means may comprise
fixation brackets, or any other kind of means for removably holding and aligning said

reference sheet in said print zone.

The disclosure also relates to a 3d printing device with a print zone comprising a refer-
ence pattern, said reference pattern comprising a plurality of reference marks, at least
one printing unit to print a test pattern on said reference pattern, and an input unit to

receive results of a comparison of said test pattern with said reference marks.

In an example, the 3d printing device further comprises a processing unit data-connected
to said input unit, said processing unit to correct a detected misalignment of said at least

one printing unit based on said results of said comparison.

In an example, said at least one printing unit comprises at least one print head, said at
least one print head for selectively applying a liquid ink and/or a liquid fusing agent to a

printing material.
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The 3d printing device may further comprise a fusing unit to fuse said printing material.

Said fusing unit may comprise a heating unit to heat said printing material.

The 3d printing device may also comprise a transport unit to transport a printing material

to said print zone.

Some such 3d printing devices may comprise an inkjet-type printing unit or print head to
deliver a liquid or colloidal binder material to layers of a powdered printing material.
However, the techniques of the present disclosure are not so limited, and can be em-
ployed to detect and correct misalignments in a large variety of 3d printing devices

employing various types of 3d printing technologies.

The 3d printing device may further comprise a print carriage that comprises said at least

one printing unit.

Said print carriage may extend across an entire width of said print zone and/or may

define an extension of said print zone in a first direction.

Said print carriage may further be moveable across a length of said print zone in a sec-
ond direction different from said first direction, in particular perpendicular to said sec-

ond direction.

Said print carriage may not be moveable in said first direction.

A print carriage that extends across an entire width of said print zone in a first direction,
and is swept across said print zone in said second direction, allows to print an entire test
pattern in one pass, and hence swiftly and in parallel for each of a plurality of printing
units or print heads. This simplifies and speeds up the detection and correction of misa-

lignments.
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In some examples, said print carriage may comprise a plurality of printing units in a
staggered configuration. Each of said printing units may comprise one or a plurality of
print heads, such as for applying a liquid fusing agent and/or for applying liquid ink of

possibly various colors.

In an example, said 3d printing device comprises a sensor unit to automatically compare

said test pattern with said reference marks.

For instance, said sensor unit may be mounted to said printing unit and/or to said print

carriage.

Said 3d printing device, in particular said build unit may comprise a media feeding unit
adapted to automatically feed said reference sheet to said print zone and/or do automati-

cally place and/or hold said reference sheet in said print zone.

A media feeding unit may enhance the user comfort.

However, as described above, the disclosure is not limited to reference patterns provided
on a reference sheet. Alternatively, said reference pattern may be permanently incorpo-

rated into said print zone, such as engraved into said print zone.

Said 3d printing device may be adapted to implement a method with some or all of the

features described above.

The disclosure further relates to a computer program or to a computer program product
comprising computer-readable instructions, such that said instructions, when read on a
computer, in particular on a computer connected to or incorporated into a 3d printing
device with some or all of the features described above, implement on said 3d printing

device a method with some or all of the features described above.
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12
Implementations will now be described in greater detail with reference to Figs. 1 to 7.

Fig. 1 is a schematic perspective view of a 3d printing device 10 according to an exam-

ple of the present disclosure.

The 3d printing device 10 comprises a powder platform 12 that serves as a print zone in
which a three-dimensional object is formed (printed) from printing material (not shown)
provided to the powder platform 12 from a powder container 14. The powder that serves
as the printing material may comprise polyamide (PA) or some other plastic material,
but may also comprise a metal powder or a ceramic powder, depending on the applica-

tions.

The powder platform 12 and powder container 14 may be fixedly integrated into the 3d
printing device 10. Alternatively, the powder platform 12 and powder container 14 may
form a stand-alone build unit, or may constitute parts of stand-alone build unit, which

may be removably inserted to form part of the 3d printing device 10.

The powder may be applied to the powder platform by means of a recoater roller 16
which is movably mounted to sweep across the powder platform 12 in a first direction
(x). The recoater roller 16 may also comprise fusing lamps (not shown) staggered at an
underside thereof, which may serve as a heating unit to heat the printing material in

order to fuse the powder.

As can be taken from Fig. 1, the 3d printing device 10 further comprises a print carriage
18 that extends across the entire width of the powder platform 12 along the first direc-
tion (x), thereby defining the print zone, and is movably mounted to sweep across the

powder platform 12 in a second direction (y) perpendicular to said first direction (x).

The print carriage 18 may comprise a plurality of printing units (not shown) formed at
an underside of the print carriage 18, wherein each said printing unit comprises one or a

plurality of print heads. The print heads may apply a liquid fusing agent and/or a liquid
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ink to the powder provided on the powder platform 12. The print heads may be individu-
ally controlled so as to selectively apply said liquid fusing agent and/or said liquid ink
depending on the position of the print carriage 18 across the powder platform 12 in the
second direction (y) and depending on the position of the print head along the length of

the print carriage 18 in the first direction (x).

The 3d printing device 10 further comprises a plurality of pre-heating lamps 20 mounted
in a gantry above the powder platform 12. The pre-heating lamps 20 serve for pre-

heating the printing material on the powder platform 12.

The powder platform 12 is movably mounted in the 3d printing device 10 in the vertical

(z) direction, so that it can be raised or lowered in accordance with the printing progress.

The manufacturing (printing) of three-dimensional objects with the 3d printing device 10

of Fig. 1 will now be explained in further detail.

Printing material, such as the polyamide powder, is transported from the powder con-
tainer 14 to the recoater roller 16, which sweeps across the powder platform 12 along the
first direction (x), thereby spreading the powder across the powder platform 12. Subse-
quently, the recoater roller 16 returns to its rest position (shown in Fig. 1), and the print
carriage 18 sweeps across the powder platform 12 in the second direction (y) and selec-
tively applies a liquid fusing agent from its print heads at predetermined positions in the

x and y directions. These positions correspond to the object to be formed.

The print heads of the print carriage 18 may also be adapted to selectively apply further
liquids, such as a detailing agent that can be selectively applied where the fusing action

needs to be reduced or amplified, or liquid ink of a variety of colors.

Once the fusing agent has been applied to the powder on the powder platform 12, the
print carriage 18 returns to its rest position (as shown in Fig. 1), and the recoater roller

16 again sweeps across the powder platform 12 in the x direction to heat the powder by
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means of the fusing lamps staggered at the underside thereof. Due to the heat applied by
means of the fusing lamps, the powder particles are selectively fused at those locations
where the fusing agent has been applied, but remain unfused at the other locations. The
detailing agent may selectively reduce fusing at the boundaries to produce a part with

sharp and smooth edges. The application of ink may selectively color the object.

Once the fusing has been completed, the recoater roller 16 returns to its rest position
(shown in Fig. 1). The powder platform is lowered along the vertical direction (z), and
the process is repeated with a new layer of printing material until a complete three-

dimensional object has been formed.

A 3d printing device 10 as described above with reference to Fig. 1 is sometimes known
as an inkjet-type 3d printing device. However, these are mere examples, and the tech-
niques of the present disclosure are not so limited, but are generally applicable to a large

variety of 3d printing devices.

As will be appreciated by one skilled in the art, the quality of the 3d printing depends on
the accuracy with which the fusing agent, detailing agent, or ink are applied at the pre-
determined positions across the powder platform 12, which in turn depends crucially on
the correct positioning and alignment of the printing units and print heads. Distortions or
misalignments may be due to displacements in the x and y axis (print head axis dis-
placements and scan axis displacements, respectively), and angular displacements with

respect to the vertical z axis (sometimes known as 87, displacements).

In order to detect and correct these and other misalignments, the print zone of the 3d
printing device 10 may be equipped with a reference pattern comprising a plurality of
reference marks. Examples of reference marks will be described further below with

reference to Figs. 3 to 5.

For instance, the 3d printing device 10 may be equipped with a plurality of fixing brack-

ets 22 in the powder platform 12, which are adapted to hold and align a reference sheet
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24 comprising the reference pattern. For instance, the reference sheet 24 may be a sheet

of paper comprising a plurality of reference marks.

A method for detecting a misalignment according to an example will now be described

with reference to Fig. 1 and the flow diagram of Fig. 2.

In S10, a reference pattern is provided in the print zone of the 3d printing device 10, In
the example of Fig. 1, a reference sheet 24 comprising the reference marks may be fixed
on the powder platform 12 by means of the fixing brackets 22. Alternative examples in
which the reference marks are permanently incorporated into the powder platform 12

will be described later with reference to Fig. 7.

In S12, a test pattern is printed on said reference pattern by means of the 3d printing
device 10. In particular, the test pattern may comprise a line pattern that can be obtained
by printing merely ink from the print heads of the print carriage 18. In this way, the test
pattern can be printed quickly, and does not waste any printing material. However, in
other examples, the printing of the test pattern may involve the printing of a three-

dimensional object on the reference pattern, as described above with reference to Fig. 1.

In S14, said test pattern is compared with said reference marks to detect a misalignment

of said 3d printing device 10.

Returning to the example of Fig. 1, in order to compare said test pattern with said refer-
ence marks, the reference sheet 24 may be removed from the print zone 12 after the test
pattern has been printed, and may be visually inspected by the user. Alternatively, the
comparison may involve the use of a sensor means (not shown) incorporated into the
recoater roller 16 or the print carriage 18, and hence a comparison of said test pattern
with said reference marks may involve sweeping the recoater roller 16 or the print car-
riage 18 across the print zone 12 so to allow the sensor means to analyze the test pattern

printed on the reference pattern. The sensor means may comprise an optical sensor with
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a lamp, such as an LED or a laser, and a camera. This configuration allows a fully auto-

matic comparison of said test pattern with said reference marks.

The reference sheet 24 may be a sheet of paper on which the reference marks have been
printed by means of a reference printer different from the 3d printing device 10. For
instance, the reference printer may be a 2d printer that has been checked to be free of

misalignments.

Fig. 3a shows an example of a reference sheet 24 with reference marks 26 that comprise
three identical reference sub-patterns 28a to 28c, wherein each of the sub-patterns 28a to
28c comprises both horizontal and vertical patterns of lines arranged in a rectangular

fashion.

The reference sheet 24 shown in Fig. 3a may be employed in a 3d printing device whose
print carriage 18 comprises three staggered print heads 30a, 30b, 30c, as shown schemat-
ically in Fig. 3b. Each of the print heads 30a, 30b, 30c may print a test pattern of hori-
zontal and vertical lines Al to A3, B1 to B3, C1 to C3, and D1 to D3 superimposed on

the reference sub-patterns 28a to 28c.

The user may now remove the reference sheet 24 from the powder platform 12 to com-
pare the test pattern comprising the lines Al to A3, B1 to B3, C1 to C3, and D1 to D3
with the respective reference marks 26. In order to facilitate the comparison, the refer-
ence marks may be provided with scales that allow a user to read off the respective
locations of the arrows Al to A3, Bl to B3, C1 to C3, and D1 to D3 on the reference
marks 26, as will later be described with reference to Figs. 4 and 5. Fig. 3¢ shows an

example of such readings.

The user may type in these readings into an input unit 32 connected to the print carriage
18, as shown schematically in Fig. 1. Based on these readings, a processing unit may
automatically compute the misalignments, such as a print head axis displacement, a scan

axis displacement, or an angular (6;) displacement.



10

15

20

25

30

WO 2016/173668 PCT/EP2015/059564

17

Given that the reference sub-patterns 28a to 28c each comprise two horizontal and two
vertical scales, the errors and angles of all the print heads in the printing zone may be
measured along both the x-axis and the y-axis. The differences of the patterns on each
side can be used to compute the paper skew. In other words, intra-print head differences
along the printing direction y are used to measure skew. The difference in this measure
between the various print heads 30a to 30c may be employed to compute the relative
printed axis misplacement. Hence, inter-print head differences in the printing direction y
are used to correct misplacement between the several print heads 30a, 30b, 30c of the

print carriage 18.

This reference pattern is robust to small misplacements of the reference sheet 24 in both

the x direction and y direction, as well as to small rotations.

Based on the determined misalignments, corrections may be employed to the printing
process to correct for the misalignments. Determining the misalignment based on the
readings which the user inputs into the input unit 32, and calculating the corrections may
be employed in a processing unit data-connected to the input unit 32. The processing
unit may be part of the 3d printing device 10, in particular part of the input unit 32, but
may also be provided as a separate unit. The processing unit may employ a software
code to compute the misalignments and the corrections, as schematically indicated in

Fig. 3d.

Fig. 4 shows one of the reference sub-patterns 28a and the corresponding scales in addi-
tional detail. Both the horizontal and the vertical scan axes comprise a rough scale 34a,
34b and a fine-tune scale 36a, 36b, respectively. The rough scales 34a, 34b are labeled
with numerals that can be read off by the user. The fine-tune scales 36a, 36b function as
a caliper, and provide fine tuning based on a match of the line of the fine-tune scale 36a,

36b with an overlying test pattern.
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Fig. 5a is a detailed view of the rough scale 34a and the fine-tune scale 36a before print-
ing the test pattern, whereas Fig. 5b shows a corresponding detail after printing of the
test pattern 38. As can be taken from Fig. 5b, the test pattern 38 comprises both the
arrow Al that overlaps the rough scale 34a, and a sequence of horizontal lines that over-
lap the fine-tune scale 36a. The fine-tuning can be determined from a match of the lines

of the fine-tune scale 36a and the test pattern 38.

In the example shown in Fig. 5b, the measured correction would yield a value of -0.2
inches minus 10/400 inches, which equals -0.225 inches. In general, arbitrary units may

be used for the rough scale and the fine-tune scale.

The techniques described above allow to accurately measure and correct scan axis dis-
placements, print head axis displacements, and angular (62) displacements in a one-pass
printing and with a high degree of accuracy. When employed to a carriage with a plurali-
ty of print heads, the print head-to-print head misalignment can also be determined and
corrected accurately. The techniques are robust to misplacements of the reference sheet
24 on the print zone 12 in the x-axis, y-axis and with respect small rotations of the refer-

ence sheet 24.

In the example described above with reference to Fig. 1, the reference sheet 24 compris-
ing the reference marks 26 may be manually inserted into the 3d printing device 10, and
may be manually fixed to the powder platform 12 by means of the fixing brackets 22.

However, the disclosure is not so limited.

Fig. 6 shows another example of a 3d printing device 10’ that comprises a media feeding
unit 40 adapted to automatically feed the reference sheet 24 into position on the powder
platform 12. As can be taken from Fig. 6, the media feeding unit 40 may feed the refer-
ence sheet 24 from a reference sheet storage unit 42, such as a paper basket mounted to a

side surface of the 3d printing device 10°.
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The media feeding unit 40 may be similar in design and functionality to paper feeding
units in some 2d printers, with the exception that the feeder 40 may work vertically as

opposed to horizontally.

The media feeding unit 40 may also serve to remove the reference sheet 24 automatical-
ly from the powder platform 12 after the test pattern has been printed on the reference

sheet 24,

Apart from the media feeding unit 40, the 3d printing device 10’ shown in Fig. 6 fully
corresponds to the example described above with reference to Figs. 1 to 5, and hence a

detailed description will be omitted.

Various techniques may be employed for holding and fixing the reference sheet 24 on
the powder platform 12. As an alternative to the fixing brackets 22 described above with
reference to Fig. 1, a portion of the powder platform 12 corresponding in size to the size
of the reference sheet 24 may be lowered, resulting in a bed in which the reference sheet
24 may be placed. The vertical walls of the rim may serve to support and hold the refer-
ence sheet 24. In case additional support is desired for the reference sheet 24, a plurality
of flat metallic squares can be used as an accessory to be put on top of the reference
sheet 24, for instance one square at each corner, similar to metallic guides used in sheet-

fed scanners.

In the examples described above with reference to Figs. 1 to 6, the reference pattern is
provided on an external reference sheet for a one-time use. However, the disclosure is
not so limited, and likewise comprises configurations in which the reference pattern is

incorporated into the 3d printing device.

An example of a 3d printing device 10”* in which a reference pattern 44 is engraved into
the upper surface of the powder platform 12 is illustrated in Fig. 7. Apart from this dis-
tinction, the printing device 10’ fully corresponds to the 3d printers 10, 10° described
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above with reference to Figs. 1 and 6, respectively, and hence a detailed description will

be omitted.

The printing unit of the print carriage 18 may print the test pattern directly onto the
engraved reference pattern 44. For instance, the print carriage 18 may comprise inkjet
print heads adapted to print a test pattern from liquid ink on the engraved reference
pattern 44. The engraved reference pattern 44, and comparing the test pattern with the
reference marks may correspond fully to the examples described above with reference to

Figs. 1 to 5.

After the comparison of the test pattern with the reference marks, the powder platform
12 may be cleaned to remove the test pattern. For water-based ink, cleaning with a regu-
lar cloth with water can be sufficient. After the cleaning, powder may be applied to the

powder platform 12, and the regular 3d printing may continue.

The examples described above and the Figures merely serve to illustrate the method and
system according to the present disclosure, but should not be understood to imply any
limitation. The scope of the disclosure is to be determined solely by means of the ap-

pended claims.
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Claims

1. A method for detecting a misalignment of a 3d printing device, comprising:

providing a reference pattern in a print zone of a 3d printing device, said reference pat-

tern comprising a plurality of reference marks;

printing a test pattern on said reference pattern by means of said 3d printing device; and

comparing said test pattern with said reference marks to detect a misalignment of said 3d

printing device.

2. The method according to claim 1, wherein said reference pattern comprises a first
set of reference marks extending in a first direction, and a second set of reference marks
extending in a second direction different from said first direction, in particular perpen-

dicular to said first direction.

3. The method according to any of the preceding claims, wherein said 3d printing
device comprises a plurality of printing units, wherein each said printing unit comprises

at least one print head, and said reference pattern comprises a plurality of reference



10

15

20

WO 2016/173668 PCT/EP2015/059564

23

marks corresponding to said respective printing units.

4, The method according to any of the preceding claims, wherein said test pattern
comprises a pattern of 2d objects and/or a pattern of 1d objects, in particular a plurality

of lines.

5. The method according to any of the preceding claims, wherein said test pattern

comprises a 3d object.

6. The method according to any of the preceding claims, wherein providing said
reference pattern comprises placing a reference sheet in said print zone, said reference

sheet comprising said reference pattern.

7. The method according to any of the claims 1 to 5, wherein said reference pattern
is permanently incorporated into said print zone, in particular engraved into said print

zone.

8. The method according to any of the preceding claims, wherein comparing said

test pattern with said reference marks is done manually by a user.

9. The method according to any of the preceding claims, wherein said reference
marks comprise a scale, and comparing said test pattern with said reference marks com-

prises reading off said scale.
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10. A build unit for a 3d printing device, comprising:

a print zone comprising a reference pattern, said reference pattern comprising a plurality

of reference marks.

11.  The 3d printing device according to claim 10, wherein said print zone is adapted
to removably hold a reference sheet, said reference sheet comprising said reference

pattern.

12. A 3d printing device, comprising:

the 3d build module according to claim 10 or 11;

at least one printing unit to print a test pattern on said reference pattern; and

an input unit to receive results of a comparison of said test pattern with said reference

marks.

13.  The 3d printing device according to claim 12, further comprising a processing
unit data-connected to said input unit, said processing unit to correct a detected misa-

lignment of said at least one printing unit based on said results of said comparison.
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14.  The 3d printing device according to claim 12 or 13, further comprising a print
carriage that comprises said at least one printing unit, wherein said print carriage extends
across an entire width of said print zone and/or defines an extension of said print zone in
a first direction, and is moveable across a length of said print zone in a second direction

different from said first direction, in particular perpendicular to said second direction.

15. A computer program comprising computer-readable instructions, such that said
instructions, when read on a computer, in particular on a computer connected to or in-
corporated into a 3d printing device according to any of the claims 12 to 14, implement a

method according to any of the claims 1 to 9.
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