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Fig. 1

(57) Abstract: The invention relates to a printing system (1) for forming a strand (ST) of construction material (BS) for 3D printing of
a construction part (BWT), wherein the printing system (1) comprises; a printing head (2), a parallel robot (3), in particular a delta robot
(3"), and a coarse movement device (4); the printing head (2) is designed to discharge construction material (BS) out of the printing
system (1) and to shape the construction material (BS) to form the strand (ST) of construction material (BS); the parallel robot (3)
comprises at least three robot arm devices (5) for fine positioning of the printing head (2) with respect to the coarse movement device
(4); at least two closest of the robot arm devices (5) are mutually offset in a circumferential direction (UR) about a central axis (MA) of
the parallel robot (3) by an obtuse arc angle (a); and the coarse movement device (4) is designed for a coarse movement of the parallel
robot (3) together with the printing head (2).

(57) Zusammenfassung: Die Erfindung bezieht sich auf ein Drucksystem (1) zur Bildung eines Strangs (ST) von Baustoff (BS) zum
3D-Druck von einem Bauwerksteil (BWT), wobei das Drucksystem (1) aufweist; einen Druckkopf (2), einen Parallelroboter (3), ins-
besondere einen Deltaroboter (3'), und eine Grobbewegungseinrichtung (4), wobei der Druckkopf (2) zum Austrag von Baustoff (BS)
aus dem Drucksystem (1) heraus und zur Formung von Baustoff (BS) zur Bildung des Strangs (ST) von Baustoff (BS) ausgebildet ist,
wobei der Parallelroboter (3) zur Feinpositionierung des Druckkopfes (2) in Bezug auf die Grobbewegungseinrichtung (4) mindestens

[Fortsetzung auf der ndchsten Seite]
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Verdffentlicht:
—  mit internationalem Recherchenbericht (Artikel 21 Absatz

3)
drei Roboterarmeinrichtungen (5) aufweist, wobei entlang einer Umfangsrichtung (UR) um eine Mittelachse (MA) des Parallelroboters
(3) herum mindestens zwei nichste der Roboterarmeinrichtungen (5) mit einem stumpfen Bogenwinkel (o) zueinander versetzt sind,
und wobei die Grobbewegungseinrichtung (4) zur Grobbewegung des Parallelroboters (3) mit dem Druckkopf (2) ausgebildet ist.
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Printing system and use of a printing system

FIELD OF APPLICATION AND PRIOR ART

[0001] The invention relates to a printing system for forming
a strand of building material for 3-D printing of a structural
part and to the use of such a printing system for forming a
strand of building material for 3-D printing of a structural

part.

PROBLEM AND SOLUTION

[0002] The problem addressed by the invention is that of
providing a printing system for forming a strand of building
material for 3-D printing of a structural part, which printing
system has improved characteristics. Moreover, the problem
addressed by the invention is that of providing the use of such
a printing system for forming a strand of building material for

3-D printing of a structural part.

[0003] The invention solves this ©problem through the
provision of a printing system having the features of claim 1
and of the use having the features of claim 15. Advantageous
developments and/or embodiments of the invention are described

in the dependent claims.

[0004] The printing system according to the invention is
designed for forming, in particular automatically forming, a
strand of building material for 3-D printing of a structural
part, 1n particular a three-dimensional structural part. The
printing system comprises a printing head, a parallel robot,
more particularly a delta robot, and a coarse movement device.
The printing head is designed for the delivery, in particular
the automatic delivery, of building material from the printing
system and for shaping, in particular automatic shaping, of
building material for forming the strand of building material.

For fine positioning or movement, in particular for automatic
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fine positioning or movement, of the printing head in relation
to the coarse movement device, especially during the delivery
and/or the shaping of building material, the parallel robot
comprises at least three robot arm devices. At least two robot
arm devices closest to one another are offset from one another,
in particular arranged, with an oblique angle of arc along a
circumferential direction about a central axis of the parallel
robot. The coarse movement device is designed for coarse movement
or positioning, 1in particular automatic coarse movement or
positioning, of the parallel robot with the printing head,
especially during the delivery and/or the shaping of building

material.

[0005] This, the parallel robot in particular, enables a
compensation, in particular a fast compensation, or a
correction, in particular a fast correction, of a positioning or
targeting inaccuracy of the coarse movement device. Thus, this
allows a positionally accurate or pinpoint or precise and/or
fast formation of the strand of building material for 3-D
printing of the structural part. As an addition or alternative,
this, the obligque angle of arc in particular, provides good

accessible to the central axis.

[0006] In particular, the strand, in particular the delivered
and/or shaped strand, may be continuous or extend along a length,

in particular a certain length.

[0007] The building material may be concrete, in particular
fresh concrete, and/or thixotropic and/or set or dimensionally

stable, especially during the delivery.

[0008] 3-D printing can be referred to as additive
manufacturing. As an addition or alternative, the strand may be
deposited or applied, in particular in layers, on or to an
already formed strand, and/or a further strand may be deposited

or applied, in particular in layers, on or to the strand.
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[0009] The structural part may be a building structural part
and/or a wall and/or a ceiling. As an addition or alternative,
the strand, in particular a width of the strand, may have the
thickness, in particular the entire thickness, of the wall and/or

ceiling.

[0010] The printing system can be an extruder system for the
extrusion of the strand of building material for 3-D printing of
the structural part. As an addition or alternative, the printing
head can be an extruder head for the extrusion of building
material from the printing system. As a further addition or
alternative, the printing head may comprise an extruder nozzle.
The extruder nozzle can have a discharge opening for the
discharge of building material, 1in particular the strand of
building material, out of the printing system, in particular in
a non-vertical, more particularly horizontal, discharge
direction. In particular, the discharge opening may comprise or
have an opening width, in particular a maximum opening width, of
at least 100 mm (millimeters), 1in particular at least 200 mm,
and/or of at most 800 mm, in particular at most 600 mm, in
particular 400 mm, in particular in a first radial direction
orthogonal to the discharge direction. As a further addition or
alternative, the discharge opening may comprise or have an
opening height, in particular a maximum opening height, of at
least 15 mm, in particular at least 25 mm, and/or of at most
400 mm, in particular at most 200 mm, in particular at most
100 mm, in particular 50 mm, in particular in a second radial
direction which is orthogonal to the discharge direction. As a
further addition or alternative, the discharge opening may
comprise or have a quadrangular shape, 1n particular a
trapezoidal shape, 1n particular a parallelogram shape, in
particular a rectangular shape. As a further addition or
alternative, a strand cross section, in particular a shape and/or
a size of the strand cross section, of the strand, in particular
of the delivered strand, may correspond, in particular equate,
to an opening cross section, in particular a shape and/or a size

of the opening cross section, of the discharge opening. As a
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further addition or alternative, the opening cross section of
the discharge opening and/or the strand cross section of the
strand may be non-parallel, in particular orthogonal, to the
discharge direction. As a further addition or alternative, the
printing system may be designed for depositing the delivered
strand such that the strand, in particular the deposited strand,
maintains its strand cross section, in particular of the
delivered strand. In other words: The printing system does not
need to be designed, or cannot be designed, such that the
building material needs to be, or can be, printed onto an already

existing building material layer or ply and thus deformed.

[0011] The term "manipulator"™ and the term "robot"™ can be

used synonymously.

[0012] The term "parallel-type robot™ and the term "parallel
robot" can be used synonymously. As an addition or alternative,
the parallel robot can be designed for fine positioning or
movement, 1in particular translational fine ©positioning or
movement, and/or fine orientation or movement, in particular
rotational fine orientation or movement, of the printing head in
relation to the coarse movement device, 1n particular in a
positioning direction, more ©particularly in a horizontal
positioning direction. As a further addition or alternative, the
robot arm devices may comprise articulated arm devices, 1in
particular be articulated arm devices. As a further addition or
alternative, the robot arm devices may be linked, especially by
means of cardan Jjoints, to a base and/or a platform of the
parallel robot. As a further addition or alternative, the base
of the parallel robot may be assembled above the moving parts of
the parallel robot and/or the platform of the parallel robot,
especially in or along a vertical direction and/or the center
axis. As a further addition or alternative, the term "central
axis" and the term "center axis" can be used synonymously. As a
further addition or alternative, the printing head may be
arranged at least in part on the center axis and/or between the

robot arm devices, in particular the three robot arm devices,
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and/or the base and/or the platform. As a further addition or
alternative, the printing system can be designed for the
rotational movement, in particular for the automatic rotatiocnal
movement, of the parallel robot and printing head, in particular
with its discharge opening, in particular about the center axis,
especially during the delivery and/or the shaping of building
material. As a further addition or alternative, the oblique angle
of arc may be between a vector from the center axis to one of
the robot arm devices and another or next vector from the center
axis to another one or next one of the robot arm devices. As a
further addition or alternative, the obligque angle of arc may be
at least 105° (degrees). As a further addition or alternative,
as seen along the circumferential direction about the center
axis, all closest ones of the robot arm devices, in particular
on a case-by-case basis, may be offset from one another by an,
in particular approximately, in particular exactly, equal or
equivalent obligque angle of arc. In particular, approximately
equal may mean that the angles of arc may have or comprise an
angle deviation of no more than 5°, in particular no more than
2.5°.

[0013] In particular, the parallel robot may carry, in
particular directly carry, the printing head at its end, more
particularly at its lower end. As an addition or alternative,
the printing head, in particular the discharge opening thereof,
may spread or extend beyond the parallel robot, in particular
downwardly, especially along the wvertical direction or the
center axis, and/or laterally or circumferentially or forwardly,
especially 1in or along a horizontal direction and/or the
discharge direction and/or radially with respect to the center
axis. As a further addition or alternative, the coarse movement
device, in particular at the end thereof, may carry the parallel
robot, in particular directly carry the parallel robot, which in
particular carries the printing head. As a further addition or
alternative, the parallel robot, in particular with the printing
head, may spread or extend beyond the coarse movement device.

This, in particular the extent, may allow the delivery of the
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strand, in particular in the horizontal discharge direction, at
a relatively short distance in particular vertically above an
already formed strand, 1n particular without damaging the
latter, and thus allow the discharged strand to be deposited

from a relatively low height.

[0014] The term "coarse positioning device" and the term
"coarse movement device" can be used synonymously. As an addition
or alternative, the coarse movement device may be designed for
translational and/or rotational coarse movement of the parallel
robot with the printing head, in particular in one movement
direction, more particularly a horizontal movement direction. In
particular, the printing head may be designed for the delivery
of building material, in particular the strand of building
material, from the printing system, in particular the discharge
opening, in the discharge direction, which is non-orthogonal, in
particular reversed, 1in particular opposite, to the movement
direction, especially during the coarse movement. As an addition
or alternative, the printing system, in particular the printing
head, may be designed for the delivery of building material, in
particular the strand of building material, from the printing
system, in particular the discharge opening, with an in
particular wvariable, in particular continuously settable or
adjustable discharge speed. The coarse movement device may be
designed for the coarse movement of the parallel robot with the
printing head at a movement speed approximately equal to the
discharge speed, especially during the delivery. This, in
particular the approximately equal speeds, may make it possible
for the delivered and/or deposited strand to maintain its strand
cross section which in particular corresponds, in particular
equates, to the opening cross section. In particular, reversed
can mean a minimum of 135°, in particular a minimum of 150°, in
particular 165°. As an addition or alternative, opposite may
mean 180°. As a further addition or alternative, approximately
can mean a difference or a deviation of at most 5 percent (%),

in particular of at most 2%, in particular of at most 1%.
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[0015] The printing system may comprise a controlling device,
in particular an open-loop and/or closed-loop control device.
The controlling device may be designed for controlling, in
particular automatically controlling, more particularly for
open-loop and/or closed-loop control of, the printing head
and/or parallel robot and/or coarse movement device, especially
on the basis of data, in particular a building or construction
plan, in particular stored in a memory of the controlling device,
of the structural part to be printed. In particular, the
controlling device may comprise a computer, more particularly be
a computer. This may make it possible that a work operative need
not control the printing system, and/or that errors during the

construction process can be reduced or even avoided.

[0016] In a development of the invention, the printing system
comprises a conveying hose, in particular a flexible conveying
hose. The conveying hose leads between the two closest robot arm
devices offset from one another, especially laterally or
circumferentially and/or radially to the center axis, with the
oblique angle of arc for guiding building material, in particular
from the coarse movement device, to the printing head. This
allows the delivery of building material by means of the printing
head. As an addition or alternative, this i1s made possible by
the good accessibility to the center axis. In particular, the
coarse movement device, the parallel robot, and/or the printing
head may carry, in particular directly carry, the conveying hose.
As an addition or alternative, the conveying hose need not or
cannot carry the parallel robot and/or the printing head. As a
further addition or alternative, the conveying hose may be
arranged in part on the center axis and/or the base and/or the
platform. As a further addition or alternative, the printing
system can be designed for the rotational movement, in particular
for the automatic rotational movement, of the conveying hose and
printing head, in particular with its discharge opening, in
particular about the center axis, especially during the delivery
and/or the shaping of building material. As a further addition

or alternative, the printing head may comprise a deflection
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device or a deflection element. The deflection device may be
arranged upstream of the discharge opening and may be designed
for deflecting a flow of building material, in particular from
a non-horizontal direction, more particularly a vertical
direction, in particular from top to bottom, in the direction of
the discharge opening, in particular in the discharge direction,
in particular from back to front. This, 1in particular the

deflection device, may allow the horizontal discharge.

[0017] In particular, the parallel robot may be a hexapod.
However, the parallel robot need not be a hexapod. As an addition
or alternative, the parallel robot may, but need not, comprise

four or more robot arm devices.

[0018] In a development of the invention, the parallel robot,
more particularly the delta robot, comprises exactly three robot
arm devices. As an addition or alternative, the oblique angle of
arc 1s approximately 120°, in particular exactly 120°. This
allows a simple and hence cost-effective structure of the
parallel robot. As a further addition or alternative, this allows
the fine positioning of the printing head in relation to the
coarse movement device 1in or with three, more particularly
exactly three, translational degrees of freedom. As a further
addition or alternative, this allows ©particularly good
accessibility to the center axis. In particular, the term
"substantially" and the term "approximately" <can be used

synonymously.

[0019] In a development of the invention, the parallel robot
comprises electrical and/or hydraulic and/or pneumatic-free
drive devices. The drive devices are designed for driving, in
particular automatically driving, or moving the robot arm
devices. This allows particularly fast and/or accurate fine
positioning of the printing head in relation to the coarse
movement device. In particular, the term "actuators" and the

term "drive devices" can be used synonymously. As an addition or
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alternative, the base may carry, in particular directly carry,

the drive devices.

[0020] In a development of the invention, the coarse movement
device comprises a serial robot, in particular a distribution
boom, for coarse movement of the parallel robot, in particular
at a boom tip of the distribution boom, in particular with the
printing head. In particular, the coarse movement device is the
serial robot. This enables a great range of the coarse movement
device and hence a large structural part. As an addition or
alternative, this allows a space-saving and hence easily
displaceable structure of the coarse movement device and/or a
structure of the coarse movement device which 1s quickly
deployable in situ and consequently promptly ready to use. As a
further addition or alternative, this allows the coarse movement
of the parallel robot with the printing head in or with three,
more particularly exactly three, translational degrees of
freedom. In particular, the term "serial-type robot" and the
term "serial robot"™ can be used synonymously. As an addition or
alternative, the parallel robot can be arranged, in particular
fastened, more particularly in direct fashion, at the boom tip.
As a further addition or alternative, the printing system may
comprise a conveying line, in particular a conveying pipe, more
particularly an inflexible conveying pipe, for guiding building
material, in particular to the conveying hose. The conveying
line may, at least in part, lead along the coarse movement device
at least in part and/or to the conveying hose. In particular,
the serial robot can carry, in particular directly carry, the
conveying line. As an addition or alternative, the conveying
line may carry, in particular directly carry, the conveying hose.
As a further addition or alternative, the conveying line need

not or cannot carry the parallel robot and/or the printing head.

[0021] In one embodiment of the invention, the serial robot
comprises rotary joints, 1in particular only rotary joints. In
particular, axes of rotation of the rotary joints are oriented

or aligned parallel to one ancther, in particular only parallel
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to one another. This allows simple controlling of the coarse
movement of the parallel robot with the printing head by means
of the coarse movement device. As an addition or alternative,
this allows a simple and hence cost-effective structure of the
coarse movement device. As a further addition or alternative,
this allows an orientation, 1in particular a non-adjustable or
non-variable and/or parallel orientation, of the parallel robot
and/or printing head in relation to a base, in particular a foot,
of the serial robot. In particular, the axes of rotation may be
horizontal, in particular aligned. As an addition or
alternative, the serial robot may have an articulated-arm

structure, in particular be an articulated-arm structure.

[0022] In a development of the invention, the printing system
comprises an orientation device, in particular a support system.
The orientation device is designed in particular for orienting,
in particular automatically orienting, in particular a base,
more particularly a foot, of the coarse movement device in
relation to a building environment of the printing system. This
allows the serial robot to be able to have rotary joints, in
particular only have rotary Joints. As an additional or
alternative, this allows the axes of rotation to be horizontal,
in particular aligned. As a further addition or alternative,
this enables an alignment, in particular the alignment, of the
parallel robot and/or printing head. In particular, the term
"alignment" and the term "orientation" can be used synonymously.
As an addition or alternative, the orientation device can carry,
in particular directly carry, the coarse movement device, in

particular on the base thereof.

[0023] In a development of the invention, the printing head
and/or the parallel robot are/is free from an inclination degree
of freedom. This allows a simple and hence cost-effective
structure of the printing head and/or parallel robot. As an
addition or alternative, this allows an orientation, in
particular a non-adjustable or non-variable and/or parallel

orientation, of the printing head and/or parallel robot in
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relation to the coarse movement device, in particular one end of
the coarse movement device. In particular, the term "tilt" and

the term "inclination™ can be used synonymously.

[0024] In a development of the invention, the printing system
comprises an interface for a position and/or orientation sensing
or sensor device and/or the position and/or orientation sensing
or sensor device, which in particular is independent of the
coarse movement device and/or external. The position and/or
orientation sensing device is designed for sensing a position
and/or orientation quantity, in particular a dynamic position
and/or orientation quantity, more particularly a value of the
position and/or orientation quantity, which determines a
position, in particular a translational ©position, more
particularly a value of the position, and/or an orientation, in
particular a rotational orientation, more particularly a value
of the orientation, of the printing head and/or parallel robot
in relation to a building environment, in particular the building
environment, of the printing system. The printing system
comprises a controlling device, in particular the controlling
device. The controlling device 1is designed for controlling the
parallel robot for finely positioning the printing head in
relation to the coarse movement device on the basis of the sensed
position and/or orientation quantity. This allows a positionally
accurate formation of the strand of building material for 3-D
printing of the structural part in relation to the building
environment. In particular, the interface, the position and/or
orientation sensing device and/or the controlling device may be
electrical. As an addition or alternative, the term "detecting"
and the term "sensing" can be used synonymously. As a further
addition or alternative, the sensing and/or controlling may be
automatic. As a further addition or alternative, the position
and/or orientation gquantity may be physical. As a further
addition or alternative, the position may be an actual position.
As a further addition or alternative, the orientation may be an

actual orientation.
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[0025] In particular, the position and/or orientation sensing
device may comprise, more particularly be, an image processing
system (e.g., a laser 1light section system), at least one
triangulation sensor, a light barrier function, and/or at least

one ultrasonic sensor.

[0026] In an embodiment of the invention, the position and/or
orientation sensing device comprises a tachymeter, in particular
a laser tachymeter. In particular, the position and/or
orientation sensing device i1s a tachymeter. This allows great
accuracy, 1in particular in the 1 mm-meter range. In particular,

the tachymeter may be optical and/or electrical.

[0027] In an embodiment of the invention, the printing system
comprises an inertial sensor or sensing device. The inertial
sensor device comprises at least one inertial sensor. The
inertial sensor 1s arranged, 1in particular fastened, more
particularly in direct fashion, and designed on the printing
head and/or parallel robot for sensing an inertial or movement
quantity, in particular a dynamic inertial or movement quantity,
more particularly a wvalue of the inertial gquantity, which
determines a movement, 1in particular a translational and/or
rotational movement, more particularly a value of the movement,
of the printing head and/or parallel robot in relation to the
building environment of the printing system. The controlling
device is designed for controlling the parallel robot for finely
positioning the printing head in relation to the coarse movement
device by 1linking the sensed position and/or orientation
quantity, which in particular was sensed at a low frequency
and/or which arrives at the controlling device in particular
and/or with a time offset, and the sensed inertial quantity,
which in particular was sensed at a higher frequency and/or which
arrives at the controlling device in particular and/or with a
smaller or no time offset or without a time offset, to one
another, in particular by means of an estimate, in particular by
an observer. This enables an error-minimized and/or, in

particular as a result, particularly accurate compensation, in
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particular prospectively and/or, 1in particular as a result,
currently or in real time. In particular, the phrase "initial
measuring unit" and the term "inertial sensor device" can be
used synonymously. As an addition or alternative, the inertial
sensor device and/or inertial sensor may be electrical. As a
further addition or alternative, the inertial sensor may
comprise, 1in particular be, an acceleration and/or rate sensor.
As a further addition or alternative, the inertial quantity may
include, in particular be, an acceleration and/or rate. As a
further addition or alternative, the sensing and/or linking may
be automatic. As a further addition or alternative, the term
"sampling rate" and the term "frequency" can be used
synonymously. As a further addition or alternative, the term
"fusion" and the term "link"™ can be used synonymously. As a
further addition or alternative, the estimate may include, in
particular be, an interpolation, in particular by means of a
dynamic model. As a further addition or alternative, the estimate
may be iterative. As a further addition or alternative, the
observer may comprise, in particular be, a Kalman filter, in
particular a standard or extended Kalman filter. As a further
addition or alternative, the inertial sensor device may be
independent of and/or external to the coarse movement device

and/or the position and/or orientation sensing device.

[0028] In a development of the invention, the printing system
comprises a chassis, in particular a truck-mounted building
material pump comprising the chassis. The chassis carries the
printing head, the parallel robot, and the coarse movement
device, in particular directly. This allows a simple and/or, in
particular as a result, fast transport of the printing system to
a deployment location. In particular, the chassis can carry the
coarse movement device, in particular directly, on the base
thereof. As an addition or alternative, the chassis may carry
the conveying hose, the orientation device, 1in particular
directly, the interface, the position and/or orientation sensing
device, the inertial sensor device, and/or the controlling

device. As a further addition or alternative, the orientation
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device may carry, in particular directly carry, the chassis, in
particular at the deployment location and/or for orienting the
coarse movement device in relation to the building environment

of the printing system.

[0029] In one refinement of the invention, the printing system
has a building material pump. The building material pump is
designed for conveying, in particular automatically conveying,
building material, 1in particular at least in part along the
coarse movement device, 1in particular for the delivery of
conveyed building material, out of the printing system. In
particular, the building material pump may be connected to the
printing head for a flow of building material from the building
material pump to the printing head, in particular by means of
the conveying line and/or conveying hose. As an addition or
alternative, the building material pump may be designed for
conveying building material through the conveying line and/or
conveying hose. As a further addition or alternative, the
building material pump may be discontinuous, in particular a
piston pump, in particular a two-piston pump, in particular
having a pipe switch. As a further addition or alternative, the
controlling device may be designed for <controlling, in
particular automatically controlling, more particularly for
open-loop and/or closed-loop control of, the building material
pump, in particular on the basis of data of the structural part
to be printed. As a further addition or alternative, the chassis

may carry the building material pump, in particular directly.

[0030] In a development of the invention, the printing head
is designed for forming the strand of building material with a
grain size or a maximum grain size of at least 2 mm, in
particular at least 8 mm, and/or at most 50 mm. As an addition
or alternative, the parallel robot comprises or has a payload of
at least 10 kg (kilogram) and/or at most 3000 kg, in particular
at most 500 kg. As a further addition or alternative, the
parallel robot comprises or has a positioning accuracy of at

least 50 mm and/or at most 0.1 mm, in particular at most 1 mm.
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As a further addition or alternative, the parallel robot
comprises or has a range of at least 10 mm, in particular at
least 100 mm, and/or at most 1000 mm, in particular at most
500 mm. As a further addition or alternative, the parallel robot
has a maximum speed of at least 10 mm/s (millimeters per second)
and/or at most 10 m/s (meters per second). As a further addition
or alternative, the parallel robot comprises or has a maximum
acceleration and/or deceleration of at least 0.1 m/s? (meters
per second sguared) and/or at most 500 m/s?. As a further
addition or alternative, the coarse movement device comprises or
has a payload of at least 50 kg and/or at most 5000 kg. As a
further addition or alternative, the coarse movement device
comprises or has a positioning accuracy of at least 500 mm and/or
at most 10 mm. As a further addition or alternative, the coarse
movement device comprises or has a range, 1in particular the
range, of at least 10 m (meters) and/or at most 100 m. As a
further addition or alternative, the coarse movement device
comprises or has a maximum speed of at least 10 mm/s and/or at
most 2 m/s. As a further addition or alternative, the coarse
movement device comprises or has a maximum acceleration and/or

deceleration of at least 1 m/s? and/or at most 20 m/s?.

[0031] Moreover, the invention relates to the use, in
particular the automatic use, of a printing system, in particular
the printing system, as mentioned above for forming, in
particular automatically forming, a strand of building material,
more particularly the strand of building material, for 3-D

printing of a structural part, in particular the structural part.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] Further advantages and aspects of the invention emerge
from the claims and from the description of exemplary embodiments
of the invention, which are discussed below on the basis of the

figures. In the figures:
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Fig. 1 schematically shows a printing system according to

the invention,

Fig. 2 schematically shows a plan view of a parallel robot

of the printing system of fig. 1,

Fig. 3 schematically shows the printing system of fig. 1

during a use according to the invention,

Fig. 4 schematically shows a printing head and a building
material pump of the printing system of fig. 1
during the use of fig. 3,

Fig .5 schematically shows a structural part made of
formed strands of building material and 3-D

printed using the printing system of fig. 1, and

Fig. 6 schematically shows a position and/or orientation
sensing device, an inertial sensor device, and a
controlling device of the printing system of
fig. 1.

DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS

[0033] Figs. 1 and 3 show a printing system 1 according to
the invention for forming, in particular during the formation
of, a strand ST of building material BS for 3-D printing, in
particular during the 3-D printing, of a structural part BWT as
shown in fig. 5. The printing system 1 comprises a printing head
3, a parallel robot 3, more particularly a delta robot 3', and
a coarse movement device 4. The printing head 2 is designed for
the delivery of building material BS from the printing system 1
and for shaping building material BS to form the strand ST of
building material BS, in particular it delivers and shapes and
forms as a result, as shown in fig. 4. The parallel robot 3
comprises at least three robot arm devices 5, as shown in figs. 1

and 2, for finely positioning, in particular finely positions,
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the printing head 2 in relation to the coarse movement device 4.
At least two robot arm devices 5 closest to one another are
offset from one another with an oblique angle of arc o along a
circumferential direction UR about a central axis MA of the
parallel robot 3. The coarse movement device 4 is designed for
coarsely moving, in particular coarsely moves, the parallel

robot 3 with the printing head 2.

[0034] In detail, the printing system 1 comprises a conveying
hose 6. The conveying hose 6 leads between the two closest robot
arm devices 5 offset from one another with the obligue angle of
arc o for guiding, in particular guides, building material BS,
in particular from the coarse movement device 4, to the printing
head 2.

[0035] Moreover, the parallel robot 3, more particularly the

delta robot 3', comprises exactly three robot arm devices 5.

[0036] As an addition or alternatively, the oblique angle of

arc o 1s approximately 120°, in particular exactly 120°.

[0037] Moreover, the parallel robot 3 comprises electrical
and/or hydraulic and/or pneumatic-free drive devices 7, 1in
particular 1in a number corresponding to, more particularly
equaling, the number of robot arm devices 5; these total three
in the exemplary embodiment shown. The drive devices 7 are
designed for driving, in particular drive, the robot arm devices
5.

[0038] Further, the coarse movement device 4 comprises a
serial robot 8, in particular a distribution boom 9, for coarse
movement of the parallel robot 3, in particular at a boom tip SS
of the distribution boom 9. In particular, the coarse movement

device 7 1s the serial robot 7.
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[0039] In detail, the serial robot 8 comprises rotary Jjoints
10. Axes of rotation 10A of the rotary joints 10 are parallel to

one another, in particular horizontal.

[0040] In the exemplary embodiment shown, the serial robot 8
comprises at least five rotary Joints 10. In alternative
exemplary embodiments, the serial robot may comprise at least

two rotary joints.

[0041)] Moreover, the printing system 1 comprises an
orientation device 11, in particular a support system 12. The
orientation device 11 1is designed for orienting, in particular
orients, especially horizontally, the coarse movement device 4
in relation to a building environment BU of the printing system
1.

[0042] Moreover, the printing head 2 and/or the parallel robot

3 are/is free from an inclination degree of freedom.

[0043] Moreover, the printing system 1 comprises an interface
for a position and/or orientation sensing device 13 and/or the
position and/or orientation sensing device 13, which in
particular is independent of the coarse movement device 4 and/or
external, as shown 1in figs. 3 and 6. The position and/or
orientation sensing device 13 is designed for sensing, in
particular senses, a position and/or orientation quantity PAG,
in particular a dynamic position and/or orientation quantity,
which determines a position PO and/or an orientation AR of the
printing head 2 and/or parallel robot 3 in relation to a building
environment BU of the printing system 1. The printing system 1
comprises a controlling device 14. The controlling device 14 is
designed for controlling, in particular controls, the parallel
robot 3 for finely positioning the printing head 2 in relation
to the coarse movement device 4 on the basis of the sensed

position and/or orientation quantity PAG.
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[0044] In detail, the position and/or orientation sensing
device 13 comprises a tachymeter 15, in particular a laser
tachymeter 15'. In particular, the position and/or orientation

sensing device 13 is a tachymeter 15.

[0045] Further, the printing system 1 comprises an inertial
sensor device 16. The inertial sensor device 16 comprises at
least one inertial sensor 16'. The inertial sensor 16' 1is
arranged and designed on the printing head 2 and/or parallel
robot 3 for sensing, in particular senses, an inertial quantity
IG, in particular a dynamic inertial quantity, which determines
a movement of the printing head 2 and/or parallel robot 3 in
relation to the building environment BU of the printing system
1. The controlling device 14 is designed for controlling the
parallel robot 3 for finely positioning the printing head 2 in
relation to the coarse movement device 4 by linking the sensed
position and/or orientation quantity PAG, which in particular
was sensed at a low frequency fn and/or which arrives at the
controlling device 14 in particular and/or with a time offset
At, and the sensed inertial gquantity IG, which in particular was
sensed at a higher frequency fh and/or which arrives at the
controlling device 14 in particular and/or with a smaller or no
time offset At or without a time offset, to one another, in
particular by means of an estimate, in particular by an observer
BT; in particular, said controlling device links and controls as

a result.

[0046] In the exemplary embodiment shown, the inertial sensor
16" is arranged and senses where the position and/or orientation
sensing device 13 senses. In other words: The inertial sensor
16" has an identical target to the position and/or orientation

sensing device 13.

[0047] Moreover, the printing system 1 comprises a chassis
17, in particular a truck-mounted building material pump 18

comprising the chassis 17, as shown in figs. 1 and 3. The chassis
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17 carries the printing head 2, the parallel robot 3, and the

coarse movement device 4.

[0048] Moreover, the printing system 1 comprises a building
material pump 19, as shown in fig. 4. The building material pump
1% is designed for conveying, 1in particular conveys, building
material BS, in particular at least in part along the coarse
movement device 4, in particular for the delivery of conveyed

building material BS, out of the printing system 1.

[0049] In the exemplary embodiment shown, the controlling
device 14 is designed for controlling, in particular controls,
the printing head 2, the parallel robot 3, the coarse movement
device 4, and/or the building material pump 19, in particular on
the basis of data DBWT of the structural part BWT to be printed.

[0050] As an addition or alternative, the printing head 2,
the parallel robot 3, the coarse movement device 4, the
interface, the position and/or orientation sensing device 13,
the inertial sensor device 16, and/or the building material pump
18 are designed, more particularly each designed, for
interacting, in particular interact, with the controlling device
14.

[0051] Moreover, the printing head 2 is designed for shaping
the strand ST of building material BS with a grain size KO or a
maximal grain size of at least 2 mm, in particular at least 8 mm,

and/or at most 50 mm.

[0052] As an addition or alternative, the parallel robot 3
has a payload 3TL of at least 10 kg and/or at most 3000 kg, in
particular at most 500 kg.

[0053] As a further addition or alternative, the parallel
robot 3 has a positioning accuracy 3PG of at least 50 mm and/or

at most 0.1 mm, in particular at most 1 mm.
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[0054] As a further addition or alternative, the parallel
robot 3 has a range 3R of at least 10 mm, in particular at least

100 mm, and/or at most 1000 mm, in particular at most 500 mm.

[0055] As a further addition or alternative, the parallel
robot 3 has a maximum speed 3vmax of at least 10 mm/s and/or at

most 10 m/s.

[0056] As a further addition or alternative, the parallel
robot 3 has a maximum acceleration and/or deceleration 3amax of
at least 0.1 m/s? and/or at most 500 m/s?.

[0057] As a further addition or alternative, the coarse
movement device 4 has a payload 4TL of at least 50 kg and/or at
most 5000 kg.

[0058] As a further addition or alternative, the coarse
movement device 4 has a positioning accuracy 4PG of at least

500 mm and/or at most 10 mm.

[0059] As a further addition or alternative, the coarse
movement device 4 has a range 4R of at least 10 m and/or at most
100 m.

[0060] As a further addition or alternative, the coarse
movement device 4 has a maximum speed 4vmax of at least 10 mm/s

and/or at most 2 m/s.

[0061] As a further addition or alternative, the coarse
movement device 4 has a maximum acceleration and/or deceleration

4amax of at least 1 m/s? and/or at most 20 m/s?.

[0062] Moreover, figs. 3, 4, and 6 show a use according to
the invention of the printing system 1 for forming the strand ST
of building material BS for 3-D printing of a structural part
BWT.
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[0063] Moreover, fig. 5 shows the structural part BWT made of
formed strands ST of building material BS and 3-D printed by

means of the printing system 1.

[0064] As the exemplary embodiments shown and discussed above
make clear, the invention provides an advantageous printing
system for forming a strand of building material for 3-D printing
of a structural part, which printing system has improved
characteristics. Moreover, the invention provides an
advantageous use of such a printing system for forming a strand

of building material for 3-D printing of a structural part.
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Patent claims

A printing system (1) for forming a strand (ST) of building
material (BS) for 3-D printing of a structural part (BWT),
the printing system (1) comprising:

a printing head (2), a parallel robot (3), more particularly
a delta robot (3'), and a coarse movement device (4),

the printing head (2) being designed for delivery of
building material (BS) from the printing system (1) and for
shaping building material (BS) in order to form the strand
(ST) of building material (BS),

the parallel robot (3) having at least three robot arm
devices (5) for finely positioning the printing head (2) in
relation to the coarse movement device (4), with at least
two robot arm devices (5) closest to one another being
offset from one another with an oblique angle of arc (o)
along a circumferential direction (UR) about a central axis
(MA) of the parallel robot (3}, and

the coarse movement device (4) being designed for the coarse
movement of the parallel robot (3) with the printing head
(2).

The printing system (1) as claimed in the preceding claim,
wherein the printing system (1) comprises a conveying hose
(6), with the conveying hose (6) leading between the two
closest robot arm devices (5) offset from one another with
the oblique angle of arc (o) for guiding building material
(BS), in particular from the coarse movement device (4), to

the printing head (2).

The printing system (1) as claimed in any of the preceding
claims,

wherein the parallel robot (3) comprises exactly three robot
arm devices (5), and/or

wherein the obligque angle of arc (o) is approximately 120°.
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The printing system (1) as claimed in any of the preceding
claims,

wherein the parallel robot (3) comprises electrical and/or
hydraulic and/or pneumatic-free drive devices (7), with the
drive devices (7) being designed for driving the robot arm

devices (5).

The printing system (1) as claimed in any of the preceding
claims,

wherein the coarse movement device (4) comprises a serial
robot (8), more particularly is the serial robot (7), in
particular a distribution boom (9), for coarse movement of
the parallel robot (3), in particular at a boom tip (9S) of
the distribution boom (9).

The printing system (1) as claimed in the preceding claim,
wherein the serial robot (8) comprises rotary joints (10),
with axes of rotation (10A) of the rotary joints (10) being

parallel to one another.

The printing system (1) as claimed in any of the preceding
claims,

wherein the printing system (1) comprises an orientation
device (11), in particular a support system (12), with the
orientation device (11) being designed for orienting the
coarse movement device (4) in relation to a building

environment (BU) of the printing system (1).

The printing system (1) as claimed in any of the preceding
claims,
wherein the printing head (2) and/or the parallel robot (3)

are/is free from an inclination degree of freedom.

The printing system (1) as claimed in any of the preceding
claims,
wherein the printing system (1) comprises an interface for

a position and/or orientation sensing device (13) and/or
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the position and/or orientation sensing device (13), which
in particular is independent of the coarse movement device
(4) and/or external, with the position and/or orientation
sensing device (13) being designed for sensing a position
and/or orientation quantity (PAG), in particular a dynamic
position and/or orientation guantity, which determines a
position (PO) and/or an orientation (AR) of the printing
head (2) and/or parallel robot (3) in relation to a building
environment (BU) of the printing system (1), and

wherein the printing system (1) comprises a controlling
device (14), with the controlling device (14) being designed
for controlling the parallel robot (3) for finely
positioning the printing head (2) in relation to the coarse
movement device (4) on the basis of the sensed position

and/or orientation quantity (PAG).

The printing system (1) as claimed in the preceding claim,
wherein the position and/or orientation sensing device (13)
comprises, more particularly i1s, a tachymeter (15), in

particular a laser tachymeter (15').

The printing system (1) as claimed in either of the two
preceding claims,

wherein the printing system (1) comprises an initial sensor
device (16), with the inertial sensor device (16) comprising
at least one inertial sensor (16') and with the inertial
sensor (16') being arranged and designed on the printing
head (2) and/or parallel robot (3) for sensing an inertial
quantity (IG), in particular a dynamic inertial gquantity,
which determines a movement of the printing head (2) and/or
parallel robot (3) in relation to the building environment
(BU) of the printing system (1),

wherein the controlling device (14) is designed for
controlling the parallel robot (3) for finely positioning
the printing head (2) in relation to the coarse movement
device (4) by linking the sensed position and/or orientation

quantity (PAG), which in particular was sensed at a low
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frequency (fn) and/or which arrives at the controlling
device (14) in particular and/or with a time offset (At),
and the sensed inertial quantity (IG), which in particular
was sensed at a higher frequency (fh) and/or which arrives
at the controlling device (14) in particular and/or with a
smaller or no time offset (At), to one another, 1in
particular by means of an estimate, 1in particular by an

observer (BT).

The printing system (1) as claimed in any of the preceding
claims,

wherein the printing system (1) comprises a chassis (17),
in particular a truck-mounted building material pump (18)
comprising the chassis (17), with the chassis (17) carrying
the printing head (2), the parallel robot (3), and the

coarse movement device (4).

The printing system (1) as claimed in any of the preceding
claims,

wherein the printing system (1) comprises a building
material pump (19), with the building material pump (19)
being designed for conveying building material (BS), in
particular at least in part along the coarse movement device
(4y, 1in particular for the delivery of conveyed building

material (BS), out of the printing system (1).

The printing system (1) as claimed in any of the preceding
claims,

wherein the printing head (2) is designed for shaping the
strand (ST) of building material (BS) with a grain size
(KO) of at least 2 mm, in particular at least 8 mm, and/or
at most 50 mm, and/or

wherein the parallel robot (3) has a payload (3TL) of at
least 10 kg and/or at most 3000 kg, in particular at most
500 kg, and/or
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wherein the parallel robot (3) has a positioning accuracy
(3PG) of at least 50 mm and/or at most 0.1 mm, in particular
at most 1 mm, and/or

wherein the parallel robot (3) has a range (3R) of at least
10 mm, in particular at least 100 mm, and/or at most
1000 mm, in particular at most 500 mm, and/or

wherein the parallel robot (3) has a maximum speed (3vmax)
of at least 10 mm/s and/or at most 10 m/s, and/or

wherein the parallel robot (3) has a maximum acceleration
and/or deceleration (3amax) of at least 0.1 m/s? and/or at
most 500 m/s?, and/or

wherein the coarse movement device (4) has a payload (4TL)
of at least 50 kg and/or at most 5000 kg, and/or

wherein the coarse movement device (4) has a positioning
accuracy (4PG) of at least 500 mm and/or at most 10 mm,
and/or

wherein the coarse movement device (4) has a range (4R) of
at least 10 m and/or at most 100 m, and/or

wherein the coarse movement device (4) has a maximum speed
(4dvmax) of at least 10 mm/s and/or at most 2 m/s, and/or
wherein the coarse movement device (4) has a maximum
acceleration and/or deceleration (4amax) of at least 1 m/s?

and/or at most 20 m/s?.

The use of a printing system (1) as claimed in any of the
preceding claims for forming a strand (ST) of building

material (BS) for 3-D printing of a structural part (BWT).
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