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PROVIDING A POWDER LAYER ON A
CONSTRUCTION PANEL OR A
PREVIOUSLY PROVIDED POWDER LAYER

PERFORMING A FIRST LUMINOUS
EXPOSURE PROCESS OF THE POWDER
LAYER FOR PARTIALLY HEATING THE
POWDER LAYER ACCORDING TO A FIRST
EXPOSURE

PERFORMING A SECOND LUMINOUS
EXPOSURE PROCESS OF THE SAME
POWDER LAYER FOR PARTIALLY
HEATING THE POWDER LAYER
ACCORDING TO A SECOND EXPOSURE
SPECIFICATION

=)

(57) Abstract: The disclosure concerns a method for the additive manufac-
ture of a component (1), comprising: a) Providing a powder layer (2) on a
construction panel (3) or a previously provided powder layer (4), b) Perform-
ing a first luminous exposure process of the powder layer (2) for partially
heating the powder layer (2) according to a first exposure specification (5)
which describes at least one three-dimensional partial area of the component
(1), and c) Performing a second luminous exposure process of the same pow-
der layer (2) for partially heating the powder layer (2) according to a sec-
ond exposure specification (6) which describes at least one three-dimension
al partial area of the component (1).
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Description

Title of Invention: METHOD FOR ADDITIVE MANUFACTURE

[0001]

[0002]

[0003]

[0004]

[0005]

OF COMPONENT
Technical Field

The present disclosure concerns a method for the additive manufacture of a
component, a system for the additive manufacture of a component, a component for a
sanitary fitting and a sanitary fitting. The disclosure may be used in particular for the

additive or layered production of (brass) components for sanitary applications.

Background Art

It is known from the state of the art to manufacture sanitary fittings, such as wash
basin fittings, bathtub fittings, concealed fittings or the like from brass. Casting
processes are generally used for this purpose in order to be able to realize complex ge-
ometries, which may also include different functional elements of the valve.
Summary

In this connection, however, it could be observed that corresponding casting
processes are limited with regard to the quality and accuracy of the geometries and, in
particular, their contours that may be achieved with them. This is particularly relevant
for particularly thin-walled fittings. In addition, not all freely formable geometries may
be realized with appropriate casting processes.

Additive manufacturing processes are also known in which a component is built up
or printed layer by layer. In this context, different approaches to 3D printing of metals
have already been proposed. However, 3D printing of metal components for sanitary
applications presents some challenges, especially the additive manufacturing of brass
components. This is not least due to the requirement to alloy copper and zinc in a
certain ratio during additive production or to maintain a corresponding alloy com-
position of the powder despite reheating. Furthermore, in the case of metal components
for sanitary applications, it is often desired to set different material properties in
different areas, especially to fulfil different functions. Furthermore, high demands are
made on various material or structural properties, which should be as reliable as
possible.

The object of the disclosure is therefore to at least partially solve the problems
described with reference to the state of the art and in particular to specify a method for
the additive manufacture of a component and a system for the additive manufacture of
a component, which enable an adjustment of desired material properties and/or
structural properties of the component during the additive manufacture so as to provide

improved components for a sanitary fitting as well as sanitary fittings.
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[0006]

[0007]

[0008]

[0009]

[0010]

These objects are solved with a method according to the features of the independent
claim. Further advantageous features of the disclosure are indicated in the dependent
claims. It should be noted that the features individually listed in the dependent claims
may be combined in any technologically meaningful way and define further em-
bodiments of the disclosure. In addition, the features indicated in the claims are
specified and explained in more detail in the description with further preferred em-

bodiments of the disclosure being presented.
A method for the additive manufacture of a component that contributes to this,

comprises at least the following steps:

a) Providing a powder layer on a construction panel or a previously provided powder
layer,

b) Performing a first luminous exposure process of the powder layer for partial
heating of the powder layer according to a first exposure specification which describes
at least one three-dimensional partial area of the component,

c¢) Performing a second luminous exposure process of the same powder layer for
partial heating of the powder layer according to a second exposure specification which
describes at least one three-dimensional partial area of the component.

Brief Description of Drawings

Fig. 1 illustrates a flow chart of an exemplary sequence of the method described here;

Fig. 2 illustrates an additive manufacturing of a component described here according
to an example of the method described here in sectional view;

Fig. 3 illustrates an additive manufacturing of a component described here according
to a further example of the method described here in sectional view; and

Fig. 4 illustrates an additive manufacturing of a component described here according
to another example of the method described here in top view.

Description of Embodiments

Steps (a) to (c) may, for example, be carried out at least once in the specified order to
carry out the method. Furthermore, steps a) to ¢) may also be repeated (several times)
or the method may be started repeatedly (in the manner of a loop) with step a). At least
parts of steps a) to c) may be carried out at least partially in parallel or simultaneously.
The method may be carried out for the additive manufacture of a component for a
sanitary fitting or brass component also described here. Furthermore, the method may
be carried out by means of a system also described here.

In particular, steps b) and c) allow multiple luminous exposure and/or partial
luminous exposure of the same powder layer or powder film during additive manu-
facturing. In particular, the method proposed here allows for the first time that ad-

ditively built workpieces may be exposed multiple times per powder layer. This con-
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[0012]

[0013]

tributes in an advantageous way to the fact that (already) during the additive man-
ufacture desired material properties and/or structural properties of the component may
be adjusted (especially partially). Especially in manufacturing processes in which an
alloy is (only) produced during the additive manufacturing, multiple exposure may
help to influence material properties and/or structural properties of the (immediately
before) produced alloy already during additive manufacturing in a beneficial way. Al-
ternatively or cumulatively, a partial exposure of the same powder layer with, for
example, partially different exposure parameters may help to adjust different material
properties and/or microstructure properties in different areas of the component, in
particular to fulfil different functions.

In step a) a powder layer is provided on a construction panel (building board) or a
previously provided powder layer. The powder layer may be formed, for example, with
a (brass) alloy powder or with a mixture of different metallic powders, such as a
mixture comprising a copper powder and a zinc powder. The construction panel may
form the base of a powder bed, for example. If the powder layer is formed with a
mixture of different, metallic powders, an alloying in a laser beam, for example in the
manner of selective laser melting (SLM) or selective laser sintering (SLS), may take
place during the first and/or second luminous exposure process.

In step b) a first luminous exposure process of the powder layer is carried out for
partial heating of the powder layer according to a first exposure specification which
describes at least a three-dimensional partial area of the component. At least the first
luminous exposure process is usually intended to build up the component in an
additive or layered manner. Partial heating according to the first exposure process may
(thus) be done to a temperature sufficient to cause partial melting of the powder
material. In other words, this may also be described in such a way that at least the first
luminous exposure process serves the (actual) additive production.

Additive manufacturing usually involves an additive or layer-wise build-up of the
component, which is usually achieved by partial melting of the (metallic) powder
material, especially with a laser. The additive or layered construction may also be
described in such a way that several layers are formed one after the other, one on top of
the other or layer by layer. A layer essentially describes a horizontal cross-section
through the component. In partial melting, a powder located within a layer may be
heated locally, at predetermined points where material solidification is to occur, for so
long and/or so intensively that the metal powder grains there (briefly) liquefy and thus
permanently (or until reheated) bond together. Partial melting may be carried out ad-
vantageously in the form of 3D printing (in a powder bed) or in the form of a three-
dimensional, additive manufacturing process (in a powder bed and/or with laser

melting).
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[0014]

[0015]

[0016]

Furthermore, especially during the first luminous exposure process, it is possible to
alloy different metallic powders in a laser beam. Partial heating according to the first
exposure process may (thus) be carried out at a temperature sufficient to cause partial
fusion of the powder material into an alloy. In particular, it should be possible to form
a brass alloy with a mixture of (mixed together) copper powder and zinc powder.

In step c) a second luminous exposure process of the same powder layer is carried
out for partial heating of the powder layer according to a second exposure specification
which describes at least a three-dimensional partial area of the component. For
example, the second luminous exposure process may be carried out after the first
luminous exposure process (for a specific powder layer) has been completed. The
second luminous exposure process may (also) contribute to the additive or layered
structure of the component. Partial heating according to the second luminous exposure
process may (thus also) be done to a temperature sufficient to cause partial melting of
the powder material. If the first and second exposure processes are intended to build up
the component in additive or layered form, they may be used to melt different points or
areas of the powder layer. In this context, it is advantageous to partially expose in-
dividual areas of the component with different parameters. Alternatively or cumu-
latively, points or areas of the powder layer that were already heated during the first
luminous exposure process may be (re)heated during the second luminous exposure
process. This may be used, for example, for thermal post-treatment, such as homoge-
nization or re-melting. Especially after alloying in a laser beam, further luminous
exposure of the previously alloyed area is advantageous, for example to homogenize or
even re-melt the microstructure formed by the alloying. By means of step c¢), multiple
or multi-exposures and/or partial exposures may be achieved by way of example.

The first exposure specification and/or the second exposure specification can, for
example, each be in the form of a (computer-generated) 3D model or in the form of a
3D data set or each as a 3D exposure target/specification. These 3D models or 3D data
sets may contain, for example, location-dependent and/or time-dependent exposure pa-
rameters. For example, the exposure specifications may contain location-dependent
and/or time-dependent luminous exposure parameters for a number of powder layers or
for all powder layers. For example, the first and second (3D) exposure specifications
may describe several complementary components or complementary parts of the same
component. In this context, for example, the first and second exposure specifications
together may represent the desired (final) shape or (final) contour of the component.
Alternatively or cumulatively, the first and second exposure specifications can, for
example, at least partially (spatially) overlap or overlap each other (and thus together
represent the desired (final) shape or (final) contour of the component) or, as an

example, each represent the (whole) desired (final) shape or (final) contour of the
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[0018]

[0019]

component. In the overlapping areas, the different exposure specifications may be
used, for example, to create separate or consecutive luminous exposures (so-called
multiple exposures) of the same points or areas (in the overlapping area) of the powder
layer.

The (all) exposure specifications are anchored at the same position on the con-
struction panel or relative to the construction panel, so that the exposure specifications
may contribute to the description of the same component as easily as possible. In other
words, this means in particular that a super-imposed positioning of the exposure speci-
fications (in the manner of at least one "shadow component”) and/or a positioning of
several complementary components represented by the exposure specifications at
(exactly) the same position relative to the construction panel may be carried out. Of
course, more than two exposure settings may also be provided, for example to describe
more than two complementary components or complementary parts of the same
component and/or to be able to carry out more than two multiple exposures. Ac-
cordingly, more than two luminous exposure processes may be provided. For example,
the number of luminous exposure processes may correspond to the number of exposure
specifications.

For additive manufacturing, the individual (3D) exposure specifications are usually
worked-off by exposing the individual powder layers. In particular, the individual (3D)
exposure specifications are processed/worked-off one after the other for each powder
layer. For example, (all) exposure specifications may be processed/worked-off at least
partially in parallel or one after the other with separate laser devices (lasers).
Preferably, the (all) exposure specifications (per layer or for each layer) are processed/
worked-off one after the other with a common or only one single laser device. In other
words, this means in particular that when processing one (each) powder layer, the (all)
exposure specifications may be processed one after the other with a common or only
one single laser device. As arule, a new powder layer is only applied after this or after
all exposure specifications containing exposure parameters for this powder layer have
been processed (this regularly corresponds to a repetition of the procedure in step a)).
In particular, the laser or a (3D printing) system set up to carry out the method does not
have a component collision check. This contributes in an advantageous way to ensure
that the method runs as smoothly as possible even in those areas where the (3D)
exposure specifications may overlap (e.g. in the type of shadow components).

After an advantageous feature, it is suggested that the first exposure specification and
the second exposure specification differ in at least one luminous exposure parameter.
This allows for partial and/or (overlapping) exposure of individual areas of the
component with different parameters (or different values of a parameter) one after the

other. The exposure parameters, in which the exposure settings may differ, may
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[0022]

include in particular one or more of the following parameters: Exposure time, exposure
intensity, exposure power and/or exposure speed (i.e. speed with which a laser beam
moves along a layer). By way of example, exposure power and exposure speed may
both either be increased or decreased in subsequent exposure processes. The variation
of the luminous exposure parameter may be in the range of at least 5% or at least 10 %.
However, the variation of the luminous exposure parameter may not exceed 20% or
30%, for example.

According to an advantageous embodiment, it is proposed that the first exposure
specification includes first luminous exposure parameters for a first partial area of the
component and the second exposure specification includes second luminous exposure
parameters at least partially different from the first luminous exposure parameters for a
second partial area of the component at least partially different from the first partial
area. The first exposure parameter and the second exposure parameter may differ, for
example, in the value or amount of a certain parameter. For example, a second
exposure time may be shorter than a first exposure time. This advantageous design of
the method may contribute in an advantageous way to the fact that partially different
component characteristics (e.g. densities) may be generated as specifically as possible.
Furthermore, this may contribute to the fact that (complementary) for example an outer
shell and an inner structure of the component may be printed with different parameters
or component characteristics.

According to an advantageous embodiment, it is proposed that the first exposure
specification includes first luminous exposure parameters for at least a first partial area
of the component and the second exposure specification includes second luminous
exposure parameters for at least a second partial area of the component which at least
partially overlaps with the first partial area. This variant of the method may contribute
in an advantageous way to multiple exposure of the same point or area of the
component, for example for the purpose of thermal aftertreatment of a point or area
previously melted in a laser beam for alloying. Also in this context, it may be provided
that the first exposure parameters and the second exposure parameters (or their values)
differ at least partially from each other. In this context, for example, second exposure
intensity may be lower than first exposure intensity.

According to an advantageous embodiment, it is proposed that during the first
luminous exposure process a partial melting of the powder layer and during the second
luminous exposure process a thermal aftertreatment (or heat treatment) of at least one
region of the powder layer partially melted during the first exposure process is carried
out. During the first luminous exposure process, for example, an alloying in a laser
beam, such as a copper powder and a zinc powder to form a brass alloy, may take

place.
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In particular, thermal aftertreatment may include at least partial homogenisation of
the (brass) structure in the region (partially melted during the first luminous exposure
process). In particular, porosity in the microstructure may be reduced or eliminated by
a second or subsequent luminous exposure, if possible. Homogenisation usually helps
to unify a non-uniform microstructure and/or differences in concentration in the mi-
crostructure by means of a (targeted) heat treatment.

Alternatively or cumulatively, the thermal aftertreatment may include at least partial
re-melting of the microstructure in the region (partially melted during the first
luminous exposure process). Thus, for example, re-melting may take place in an
already created layer of the component. In particular, inhomogeneous structures may
be re-melted over the liquid point of the material so that they may cool down ho-
mogenous. Advantageously, areas of higher concentration of one element (in an alloy)
may be reduced. Moreover, the melting during the first exposure process may be
adapted to allow the formation of an inhomogeneous (micro-)structure and/or an inho-
mogeneous concentration in the region. In this regard, the thermal aftertreatment
during the second exposure process may be adapted to reduce at least part of the/these
inhomogeneities by re-melting.

According to another aspect, a system for additive manufacturing of a component is
proposed, whereby the system is configured to carry out a method described here. The
system may include, for example, a powder bed and/or at least one controllable laser
device. Furthermore, the system may include, for example, a control unit (controller)
that may control the laser device and/or a controllable powder supply to perform the
process. For example, the control unit may control the laser device with
(three-dimensional) location-dependent and/or time-dependent exposure parameters
and/or according to the (3D) exposure specifications.

According to another aspect, a component for a sanitary fitting is proposed, whereby
the component is manufactured by using a method described here. The component
may, for example, form at least one section of a water flow within the sanitary fitting
and/or at least part of a housing of the sanitary fitting.

According to another aspect, a sanitary fitting (armature) is also proposed,
comprising a component described here. The sanitary fitting may be, for example, a
washbasin fitting, bathtub fitting or concealed fitting.

The details, features and advantageous features discussed in connection with the
method may accordingly also occur with the system, component and/or sanitary fitting
presented here and vice versa. In this respect, full reference is made to the explanations
there concerning the further characterization of the features.

The disclosure as well as the technical environment are explained in more detail

below using the figures. It should be noted that the figures show particularly preferred
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embodiments of the disclosure, but that this is not limited to them. Identical elements
in the figures are marked with the same reference signs. It shows schematically:

Fig. 1 schematically shows a flow chart of an exemplary sequence of the method
described here. The process is used for the additive manufacture of a component 1 (see
Figs. 2, 3 and 4). The sequence of steps a), b) and ¢) is exemplary and may thus be
carried out in a regularly operating procedure.

In step a), a powder layer 2 is provided on a construction panel 3 or a previously
provided powder layer 4 in accordance with step a). In step b), a first luminous
exposure process of the powder layer 2 is carried out in accordance with step b) for
partial heating of the powder layer 2 in accordance with a first exposure specification
S, which describes at least one three-dimensional partial area of the component 1. In
step ¢), a second luminous exposure process of the same powder layer 2 is carried out
according to step c) for partial heating of the powder layer 2 according to a second
exposure specification 6, which describes at least a three-dimensional partial area of
the component 1.

Fig. 2 shows schematically an additive manufacturing of a component 1 described
here according to an example of the method described here in sectional view. The
reference signs are used consistently, so that reference may be made to the previous
explanations.

The method may be carried out, for example, by means of a system for additive man-
ufacturing of a component 1. For this purpose, the system may include a laser 10 and a
powder bed 11. By means of this process, for example, a component 1 may be
produced for a sanitary fitting, whereby component 1 is formed here as an example in
the form of a tubular component 1 for water flow in a sanitary fitting.

According to the example in Fig. 2, the first exposure target 5 and the second
exposure target 6 describe different three-dimensional partial areas/sub-areas 7, 8 of
the component 1. The different partial areas 7, 8 are an outer area 7 and an inner area 8
of the exemplary tubular component 1. For example, it may be desirable to specifically
set material properties and/or structural properties in the inner area 8 which are par-
ticularly advantageous for contact with water, but which are not required or not desired
in the outer area 7 of the component 1. In order to realize the different material and/or
microstructure properties, the first exposure specification 5 and the second exposure
specification 6 may differ, for example, in at least one exposure parameter.

Due to the different three-dimensional partial areas 7, 8, the design example
according to Fig. 2 is also an example of the fact that and possibly how the first
exposure specification 5 may include first luminous exposure parameters for a first
partial area 7 of component 1 and the second exposure specification 6 may include

second luminous exposure parameters for a second partial area 8 of component 1
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which differ at least partially from the first luminous exposure parameters for a second
partial area 8 of component 1 which differs at least partially from the first partial area
7.

According to the schematic illustration in Fig. 2, it is shown that the exposure speci-
fications 5, 6 may be formed for this purpose, for example, in the form of
(computer-generated) 3D models or in the form of 3D data sets. The 3D models or 3D
data sets are illustrated in Fig. 2 as examples with dotted lines for the first exposure
specification 5 and with dotted lines for the second exposure specification 6. These 3D
models or 3D data sets may contain for example location-dependent and/or time-
dependent exposure parameters. Furthermore, these (3D) exposure specifications 5, 6
may describe examples of several complementary components or complementary
partial areas 7, 8 of the same component 1. For this purpose, it is usually also provided
that the exposure specifications 5, 6 are anchored at the same position relative to the
construction panel 3.

Fig. 3 shows schematically and in a sectional view an additive manufacturing of a
component 1 according to a further example. The reference signs are used consistently,
so that reference may be made to the previous explanations.

Fig. 3 illustrates an example in which the first exposure specification 5 comprises
first luminous exposure parameters for at least a first partial area 7 of component 1 and
the second exposure specification 6 comprises second luminous exposure parameters
for at least a second partial area 8 of component 1 which at least partially overlaps with
the first partial area 7. In contrast to the design example according to Fig. 2, Fig. 3 thus
shows a superimposed positioning of a "shadow component" at the same position
relative to construction panel 3.

Fig. 4 shows schematically and in a top view an additive manufacturing of a
component 1 according to another example. The reference signs are used consistently,
so that reference may be made to the previous explanations. For example, Fig. 4 may
show a top view of component 1 from Fig. 3.

For example, the overlapping partial areas 7, 8§ may be used in an advantageous way
so that during the first luminous exposure process a partial melting of the powder layer
2 and during the second exposure process a thermal aftertreatment of at least one
region 9 of the powder layer 2 partially melted during the first luminous exposure
process may be realized particularly advantageously.

In this context, thermal post-treatment may be used, for example, to achieve at least
partial homogenisation of the microstructure in region 9 or even at least partial re-
melting of the microstructure in region 9.

Thus, a method for the additive manufacture of a component, a system for the

additive manufacture of a component, a component for a sanitary fitting as well as a
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sanitary fitting may be specified, which at least partially solve the problems described
with reference to the state of the art and in particular contribute to the fact that desired
material properties and/or structural properties of the component may be adjusted

during the additive manufacture.
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Claims

Method for the additive manufacture of a component (1), comprising:
a) Providing a powder layer (2) on a construction panel (3) or a
previously provided powder layer (4);

b) Performing a first luminous exposure process of the powder layer (2)
for partially heating the powder layer (2) according to a first exposure
specification (5) which describes at least one three-dimensional partial
area of the component (1); and

c¢) Performing a second luminous exposure process of the same powder
layer (2) for partially heating the powder layer (2) according to a
second exposure specification (6) which describes at least one three-
dimensional partial area of the component (1).

The method according to claim 1, wherein the first exposure speci-
fication (5) and the second exposure specification (6) differ at least in
one luminous exposure parameter.

The method according to claim 1 or 2, wherein the first exposure speci-
fication (5) comprises first luminous exposure parameters for a first
partial area (7) of the component (1) and the second exposure speci-
fication (6) comprises second luminous exposure parameters which
differ at least partially from the first exposure parameters, for a second
partial area (8) of the component (1) which differs at least partially
from the first partial area (7).

The method according to any one of the preceding claims, wherein the
first exposure specification (5) comprises first luminous exposure pa-
rameters for at least a first partial area (7) of the component (1) and the
second exposure specification (6) comprises second luminous exposure
parameters for at least a second partial area (8) of the component (1) at
least partially overlapping with the first partial area (7).

The method according to any one of the preceding claims, wherein
during the first luminous exposure process a partial melting of the
powder layer (2) and during the second luminous exposure process a
thermal aftertreatment of region (9) of the powder layer (2) partially
melted during the first luminous exposure process is carried out.

The method according to claim 5, wherein the thermal aftertreatment
comprises an at least partial homogenisation of the microstructure in
the region (9).

The method according to claim 5 or 6, wherein the thermal af-
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tertreatment comprises an at least partial re-melting of the mi-
crostructure in the region (9).

System for the additive manufacture of a component (1), wherein the
system is adapted to carry out a method according to any one of claims
Ito7.

Component (1) for a sanitary fitting, wherein the component (1) is
manufactured by means of a process according to any one of claims 1
to 7.

Sanitary fitting comprising a component (1) according to claim 9.
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