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(54) ADDITIVE MANUFACTURING SYSTEM

(57) The invention relates to an additive manufactur-
ing system for applying a powder layer to a substrate and
a manufacturing method using such additive manufac-
turing system. The additive manufacturing system com-
prises a rotary manufacturing unit. The rotary manufac-
turing unit comprises a first manufacturing chamber and
a second manufacturing chamber. The first manufactur-
ing chamber comprises a first openable cover and the
second manufacturing chamber comprises a second
openable cover. The first manufacturing chamber com-
prises a first doctor blade configured to apply a powder
layer on a first substrate and the second manufacturing
chamber comprises a second doctor blade configured to
apply a powder layer on a second substrate. The rotary
manufacturing unit is configured to be rotatable into a
first position in which the first manufacturing chamber is
positioned for irradiating the powder layer on the first sub-
strate and the second manufacturing chamber is posi-
tioned for enabling an opening of the second cover. The
rotary manufacturing unit is also configured to be rotat-
able into a second position in which the second manu-
facturing chamber is positioned for irradiating the powder
layer on the second substrate and the first manufacturing
chamber is positioned for enabling an opening of the first
cover.
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Description

FIELD OF THE INVENTION

[0001] The invention relates to an additive manufac-
turing system for applying a powder layer to a substrate
and a manufacturing method using such additive manu-
facturing system.

BACKGROUND OF THE INVENTION

[0002] Additive manufacturing, e.g., selective laser
melting, can be understood in that a thin layer of e.g.
metal powder is spread onto a substrate and then fused
or hardened by a laser beam. The laser beam effects a
melting and welding of the metal powder particles to form
a quasi-solid metal. This process can be repeated layer
by layer until the product is complete.
[0003] Conventional powder-bed-based laser melting
systems for a layered construction are not designed for
a high system productivity, rather conceptually intended
for individual pieces and prototypes. Further, such sys-
tems require a time-consuming setup and preparation.
For example, a change of powder material requires in
most cases a very time-consuming cleaning of all pow-
der-contaminated components and assemblies before
the system can be filled with a fresh metal powder. In
addition, the powder must be manually removed from a
construction area of the system using protective devices
such as a dust mask or gloves and an operation is only
permitted in a dust-free environment. During this main-
tenance work, the system is not productive and cost-in-
tensive laser and optical units are unavailable due to the
manual intervention and work. The productivity of con-
ventional additive manufacturing systems is thus limited
and not suitable for industrial mass production of com-
ponents.
[0004] EP 2 052 845 A2 discloses a device for a pro-
duction of metallic or ceramic molded bodies. The device
comprises supports for a layer structure of molded bodies
arranged in a process chamber housing and a powder
layer preparation unit having a powder reservoir as-
signed to the supports to prepare the powder for each
construction process.
[0005] EP 1 882 580 A1 discloses an interchangeable
container for a plant for a construction of a molded body
by forming layers from granular materials horizontally ly-
ing one upon the other. The interchangeable container
comprises a ground structure movable in an interior of a
container in a direction to container sidewalls, and a spin-
dle drive having a screw rod that is

SE:BH

[0006] revolvably incorporated in a container side and
a spindle nut on which the ground structure is braced, so
that the ground structure is gradually lowered in the in-
terior of the container by the spindle drive.

SUMMARY OF THE INVENTION

[0007] There may be a need to provide an improved
additive manufacturing system and method, which allow
a continuous production of layered products, accordingly
a high productivity of the additive manufacturing system.
[0008] The objective of the present invention is solved
by the subject-matters of the independent claims, where-
in further embodiments are incorporated in the depend-
ent claims. It should be noted that the aspects of the
invention described in the following apply also to the ad-
ditive manufacturing system and the method for applying
a powder material to a substrate.
[0009] According to the present invention, an additive
manufacturing system for applying a powder material to
a substrate is presented. The additive manufacturing sys-
tem comprises a rotary manufacturing unit.
[0010] The rotary manufacturing unit comprises a first
manufacturing chamber and a second manufacturing
chamber. The first manufacturing chamber comprises a
first openable cover and the second manufacturing
chamber comprises a second openable cover. The first
manufacturing chamber comprises a first doctor blade
configured to apply a powder layer on a first substrate
and the second manufacturing chamber comprises a
second doctor blade configured to apply a powder layer
on a second substrate. The rotary manufacturing unit is
configured to be rotatable into a first position in which the
first manufacturing chamber is positioned for irradiating
the powder layer on the first substrate and the second
manufacturing chamber is positioned for enabling an
opening of the second cover. The rotary manufacturing
unit is also configured to be rotatable into a second po-
sition in which the second manufacturing chamber is po-
sitioned for irradiating the powder layer on the second
substrate and the first manufacturing chamber is posi-
tioned for enabling an opening of the first cover.
[0011] The additive manufacturing system according
to the invention is suitable for selective laser melting sys-
tems. Selective laser melting (SLM) can be understood
in that thin layers of fine metal powder are evenly distrib-
uted on a substrate by means of a doctor blade as coating
mechanism. This may take place inside a chamber con-
taining a tightly controlled atmosphere using inert gas at
very low oxygen levels. Once the layer has been distrib-
uted, the two-dimensional layer or slice of a product may
be fused or hardened by selectively melting the powder.
This may be accomplished by means of a high power
laser beam. The laser energy shall be configured to per-
mit a melting and welding of the fine metal powder par-
ticles to form a quasi-solid metal. This process shall be
repeated layer after layer until the product is complete.
[0012] The rotary manufacturing unit may be shaped
two-dimensional such as a plate or three-dimensional
having a bottom, walls and an inner space where the
selective melting of the metal powder can be conducted.
The term "rotary" may be understood in that the manu-
facturing unit can be rotated about a center of the man-
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ufacturing unit, for example, by means of a rotary drive
and a pivot bearing ring gear, each of which may be ro-
tated 180 degrees, preferably continuously in the same
direction and not alternating.
[0013] The rotary manufacturing unit may comprise at
least two structurally identical manufacturing chambers.
However, the number of manufacturing chambers ar-
ranged in the rotary manufacturing unit is not limited to
two. Each of the manufacturing chambers may comprise
an openable cover, a substrate and a doctor blade. The
openable cover can be operated manually or automati-
cally. The openable cover can be configured to prevent
penetrating of substances interfering the SLM process
such as dust, oxygen or the like. Accordingly, the open-
able covers may be hermetically sealed in a closed po-
sition, such that a protection atmosphere may be provid-
ed in the manufacturing chambers.
[0014] The doctor blade may be configured to be
moveable relative to the substrate and to spread the pow-
der material onto the substrate. The term "doctor blade"
can be understood as doctor knife, spreading knife,
squeegee, scraper, wiper, coater, roller or the like. The
doctor blade may apply any kind of coating mechanism
suitable to spread or distribute material on the substrate
or carrier or another material layer and/or to remove ex-
cess material such as powder material or splashes from
the substrate or another material layer.
[0015] By rotating the rotary manufacturing unit, the
first manufacturing chamber may be positioned in an ir-
radiating position whereas the second manufacturing
chamber may be positioned in a maintaining position and
vice versa. In the irradiating position, i.e. operating posi-
tion, the respective manufacturing chamber is configured
to receive a laser beam to irradiate the powder layer on
each substrate. Further, in the maintaining position, the
respective manufacturing chamber is configured to ena-
ble an opening of the openable cover to execute job prep-
aration activities such as refilling the fresh powder ma-
terial, replacing a doctor blade etc. for a succeeding SLM
process, maintenance works, cool down the manufactur-
ing chamber and product and/or remove the components
and the product out of the additive manufacturing system.
[0016] The additive manufacturing system according
to the invention may allow a continuous production of
products by layering of material (metal) powder, which
again enables a mass or series production of the layered
products. Accordingly, it may not be necessary to shut
the additive manufacturing system down to execute
maintenance works or to remove the products out of the
additive manufacturing system. As a result, irradiation
time can be maximized and the laser can be operated
continuously, which means a maximum overall equip-
ment efficiency and a parallelization of main time and
pre- and post-processing can be achieved.
[0017] In an example, the first manufacturing chamber
and the second manufacturing chamber are of essentially
similar in size and/or shape. In other words, the manu-
facturing chambers may have an identical structure such

that the rotation of the rotary manufacturing unit does not
affect the selective melting of the metal powder on the
substrate, instead results in the same product without
any adjustment of the components in the rotary manu-
facturing unit. Consequently, a reliable continuous SLM
process can be realised.
[0018] In an example, the rotary manufacturing unit
has an essentially circular base area. In other words, the
bottom of the rotary manufacturing unit may be shaped
as a circle or the like, which allows a smooth rotation of
the rotary manufacturing unit about its center.
[0019] In an example, the first manufacturing chamber
and the second manufacturing chamber each comprises
a ventilation inlet and a ventilation outlet configured for
providing a gas flow relative to the respective substrate.
For an optimal laser melting process, it might be neces-
sary to remove smoke, splashes and particles particularly
on an optic passage, where for example a laser beam
can be transmitted, by means of a laminar gas flow over
the substrate. The ventilation inlet and the ventilation out-
let may be configured to provide an inert gas to the man-
ufacturing chamber to protect the powder material from
oxidation or to form a vacuum in the manufacturing cham-
ber. The ventilation inlet and outlet may be a simple hole,
a gas port, a gas nozzle or the like. They may also be a
single opening, a row of openings, an array of openings
or the like. The gas flow may be configured to reduce
smoke generated by the laser beam scanning the powder
material spread on the substrate or to provide an oxygen-
reduced process condition. The ventilation inlet may be
configured to provide the gas flow essentially parallel to
a motion direction of the doctor blade relative to the sub-
strate or essentially perpendicular to the motion direction
of the doctor blade relative to the substrate or in any other
angular direction relative to the motion direction of the
doctor blade. Each manufacturing chamber may also
have more than one ventilation inlet and outlet to provide
the gas flow separately at the optic passage and the sub-
strate.
[0020] In an example, the first manufacturing chamber
and the second manufacturing chamber each comprises
a detector window configured to let a detector signal
pass. Through the detector window, various imaging sen-
sors may monitor the SLM process. Imaging sensors may
be mounted for example outside of each manufacturing
chamber and monitor the process through the detector
window. The imaging sensors may monitor a powder
melting bath as well as the entire substrate surface in
order to control a powder application quality or a surface
temperature etc. The imaging sensors may also allow,
for example, monitoring the gas flow, particularly a ho-
mogeneous and laminar gas flow, to avoid an oxidation
of the powder material, a moisture absorption by the pow-
der material etc. during a laser scanning. Further, the
gas flow may be monitored over the entire working space
of the additive manufacturing device. Consequently, a
reliable manufacturing process and thereby high quality
products may be achieved.
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[0021] In an example, the first manufacturing chamber
and the second manufacturing chamber each comprises
a manufacturing chamber bottom plate, which comprises
a guiding unit configured to guide the respective doctor
blade. The manufacturing chamber bottom plate may be
part of the circular bottom of the rotary manufacturing
unit or a removable plate. The guiding unit may be ar-
ranged on the manufacturing chamber bottom plate and
may serve as an accurate reference and running surface
for the doctor blade. The guiding unit may be easily re-
placed in case of wear.
[0022] In an example, the first cover and the second
cover each comprises an irradiation window configured
to let irradiation pass to the powder layer. The irradiation
window of each of openable cover may be configured for
receiving an irradiation into the manufacturing chamber.
The irradiation window may be formed from an optically
transparent material, which can be placed essentially
above the substrate of the manufacturing chamber in a
closed position of the openable cover. The irradiation
window may be sealed in the openable cover to prevent
an entering of any undesired component into the manu-
facturing chambers. This allows a separation of a laser
source from the laser melting process, consequently may
prevent contacting splattering vapors, splashes and pow-
der dusts on the laser optics. Hence, the maintenance
and cleaning efforts for an operator may be reduced.
[0023] In an example, the first manufacturing chamber
and the second manufacturing chamber each further
comprise a sealing. Accordingly, when the openable cov-
ers are in closed position, i.e. engaged with the rotary
manufacturing unit, the sealing may hermetically seal the
openable cover relative to the manufacturing chamber
or the rotary manufacturing unit. Hence, a protection at-
mosphere may be established in the manufacturing
chambers by applying vacuum and then introducing inert
gas into the manufacturing chambers. It is particularly
advantageous for a high-quality process if it is possible
to ensure a low oxygen content during the laser melting
process.
[0024] In an example, the additive manufacturing sys-
tem further comprises at least a powder unit configured
to store fresh powder, to apply a powder layer to a sub-
strate, and to receive excess powder. The powder unit
may allow a fluent supply of the material powder to the
substrate of the additive manufacturing system such that
a fresh powder can be accurately provided and the re-
maining / excess powder can be clearly collected.
[0025] In an example, the powder unit comprises e.g.
three containers, i.e. a fresh powder container configured
to store fresh powder, a powder application container
configured for forming a powder layer on the substrate,
and an excess container configured to collect excess
powder and splashes after applying the powder layer to
the substrate. The powder unit can be introduced either
manually or automated in the additive manufacturing sys-
tem through a powder unit opening, which may be formed
at a lateral side of the additive manufacturing system.

The powder unit may comprise a fresh powder container
in which the fresh material powder is stored in sufficient
quantity for an intended product, a powder application
container in which the component is built up in layers and
an excess container in which the excess powder and
splashes after the SLM process is collected. The powder
unit may be engaged with the manufacturing chamber
bottom plate through an opening, which can be formed
in the bottom of the rotary manufacturing unit. Accord-
ingly, the powder unit may be correctly positioned at the
rotary manufacturing unit without any adjustment step.
[0026] In an example, the powder unit and/or at least
one of the containers comprises a powder lid. In other
words, the powder unit as a single container or at least
one, preferably each of three individual containers of the
powder unit may have a lid. The lid may be manually or
automatically put on each container after an inertisation
of the powder material and manually or automatically re-
moved from each container inside the additive manufac-
turing system during a SLM process. For an automatic
and easier handling of the container lid a lid support el-
ement such as a mini crane may be provided inside the
additive manufacturing system. The lid support element
may also be used to assist a handling of heavy manu-
facturing plates or workpieces in a protective or low pres-
sure atmosphere. The inertisation can be understood in
that undesired gas such as oxygen is drawn out from the
powder unit by an evacuation means, subsequently an
inert gas is provided to ensure a very low oxygen content
for manufacturing a high-qualitative product.
[0027] Accordingly, the powder, especially the fresh
powder can be prevented from being contaminated by
smoke, splashes, vapor or particularly oxygen.
[0028] In an example, the doctor blade is configured
to supply powder from the fresh powder container to the
powder application container and from the powder appli-
cation container to the excess container. In other words,
the containers of the powder unit arranged such that the
powder application container is located between the
fresh powder container and the excess container. Ac-
cordingly, if the doctor blade may move from the fresh
powder container to the excess container, the metal pow-
der may be supplied firstly to the powder application con-
tainer and the excess powder and splashes from the pow-
der application container can be removed to the excess
container.
[0029] In an example, the powder unit further compris-
es a powder unit supporting plate and a driving means.
The powder unit supporting plate is configured to support
the powder unit and the driving means is configured to
the drive powder unit supporting plate, accordingly the
powder unit between a powder application position and
a container exchange position. The powder unit support-
ing plate may provide space for the e.g. three containers
of the powder unit and support a vertical movement of
the powder unit relative to the rotary manufacturing unit.
The vertical movement can be realized by the driving
means and a lifting guide, which may connect the powder
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unit supporting plate and the rotary manufacturing unit.
By driving the powder unit supporting plate, accordingly,
the powder unit is elevated to the rotary manufacturing
unit and the powder unit may come in the powder appli-
cation position in which the powder unit engages with
and/or is pressed against the opening of the rotary man-
ufacturing unit and/or the manufacturing chamber bottom
plate. Further, the powder unit supporting plate may also
be decreased away from the rotary manufacturing unit
by the driving means and the powder unit may come in
the container exchange position in which either the con-
tainers can be changed through a lateral side of the ad-
ditive manufacturing system, a maintenance work to the
powder unit can be performed or the rotary manufactur-
ing unit can be rotated. The driving means and in partic-
ular the lifting guide may also be used for a vertical move-
ment of a manufacturing plate.
[0030] In an example, the fresh powder container and
the powder application container each comprises a con-
tainer bottom plate and a lifting means. The lifting means
is configured to lift the container bottom plate within the
respective container. The fresh powder container and
the powder application container of the powder unit may
each comprise a container bottom plate, which seals in-
side of each container to the outside. On the container
bottom plate, a zero point clamping system may be inte-
grated, which allows a fast, easy and accurate replace-
ment of a substrate. Each container bottom plate may be
engaged with a lifting means to move the container bot-
tom plate vertically relative to the corresponding contain-
er. The lifting means may be fixedly attached to a bottom
of the additive manufacturing system or be rotated to-
gether with the respective container to ensure a reliable
engagement between the container and the lifting means
despite repeated rotations of the powder unit. The lifting
means may comprise a lifting rod and a lifting interface,
which may be connected to the container bottom plate.
When the rotary manufacturing unit is rotated e.g. 180
degrees before or after a production cycle, i.e. the rotary
manufacturing unit does not rotate during a SLM process,
the lifting means may be in a retracted position and have
no engagement with the container bottom plate ensuring
a collision-free rotation. In an example, the excess con-
tainer may also comprise a container bottom plate and
a lifting means to facilitate a removal of the excess pow-
der and splashes out of the excess container.
[0031] In an example, additive manufacturing system
further comprises an irradiation unit configured to provide
irradiation for irradiating the powder layer. The irradiation
unit may comprise at least one laser and at least an ir-
radiation deflection unit configured to guide irradiation
from an irradiation source to the powder layer. In a simple
form, the additive manufacturing system may have at
least one irradiation deflection unit, but can be extended
up to four and more irradiation deflection units for a highly
productive design. The irradiation source may be housed
in an air-conditioned control cabinet and the irradiation
may be guided, for example in an optical fiber cable to

the corresponding irradiation deflection unit such that the
irradiation can be applied on the substrate. The irradia-
tion unit may be separated from the manufacturing cham-
ber via the openable cover and the irradiation window.
In other words, the irradiation may pass to the powder
layer through the irradiation window in order to separate
the irradiation unit from the dusty process environment.
Consequently, the maintenance and cleaning effort for
an operator may be reduced.
[0032] In an example, the additive manufacturing sys-
tem further comprises an evacuation unit configured to
reduce a pressure in the manufacturing chamber. The
evacuation unit allows drawing out undesired gas such
as oxygen from the manufacturing chamber and the pow-
der unit and maintaining vacuum or providing an inert
gas to ensure a very low oxygen content for manufactur-
ing a high-qualitative product.
[0033] In an example, the additive manufacturing sys-
tem further comprises a heating unit configured to heat
the manufacturing chamber. Particularly, the heating unit
may heat the substrate to 250 °C, or even to 500 - 600
°C at which the SLM process is performed. The heated
substrate may provide lower temperature gradients dur-
ing a cooling step of the layered product, which can re-
duce a residual stress of the product.
[0034] In an example, the rotary manufacturing unit
and the powder unit are arranged in a base portion and
the irradiation unit is arranged in an optic portion, wherein
the base portion and the optic portion are releasably
mounted to each other. The optic portion can be pre-
assembled parallel to the structure of the base portion
with all optical components. The optical components may
be integrated by means of an optic assembly board in
the optic portion. The optic assembly board may serve
for the integration and arrangement of the irradiation de-
flection unit. By a simple change of the optic assembly
board with different irradiation deflection units, the addi-
tive manufacturing system can be modular.
[0035] In an example, the base portion and/or the optic
portion are made of mineral cast. The use of mineral cast
may provide high vibration damping, thermal inertia and
an ideal machine base for high precision optical ma-
chines.
[0036] In an example, the additive manufacturing may
further comprise two protective covers fixedly arranged
at the optic portion above each manufacturing chamber.
The protective covers may not rotate while the manufac-
turing chambers rotate into the first and second position.
In other words, the manufacturing chambers may rotate
out of the first protective cover and the second protective
cover and rotate in the second protective cover and the
first protective cover or respectively. The protective cov-
ers may be opened for preparing a SLM process or ex-
ecuting maintenance works.
[0037] According to the invention, also a method for
applying a powder material to a substrate is presented.
It comprises the following steps:
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a) providing a rotary manufacturing unit in an additive
manufacturing system with a first manufacturing
chamber and a second manufacturing chamber,
wherein the first manufacturing chamber comprises
a first openable cover and the second manufacturing
chamber comprises a second openable cover, and
wherein the first manufacturing chamber comprises
a first doctor blade configured to apply a powder layer
on a first substrate and the second manufacturing
chamber comprises a second doctor blade config-
ured to apply a powder layer on a second substrate,
b) rotating the rotary manufacturing unit from a first
position in which the first manufacturing chamber is
positioned for irradiating the powder layer on the first
substrate and the second manufacturing chamber is
positioned for opening the second cover into a sec-
ond position in which the second manufacturing
chamber is positioned for irradiating the powder layer
on the second substrate and the first manufacturing
chamber is positioned for opening the first cover.

[0038] The rotary manufacturing unit does not rotate
during a SLM process, but only the doctor blade moves
in the respective manufacturing chamber to supply fresh
powder from a fresh powder container to the respective
substrate.
[0039] In an example, the method further comprises
between step a) and step b) at least one of the following
steps:

- inserting a powder unit through a lateral side of the
additive manufacturing system relative to the rotary
manufacturing unit,

- removing a lid of the powder unit,
- mounting a substrate onto the powder application

container and connecting the substrate with a heat-
ing means,

- mounting and adjusting the doctor blade,
- adjusting the height of the substrate by means of a

container bottom plate and a lifting means,
- providing at least two powder reservoirs in a storing

position of the additive manufacturing system,
- closing a protective cover of the additive manufac-

turing system and providing inert gas into the first
manufacturing chamber,

- providing fresh powder from the powder reservoir
into the fresh powder container,

- manufacturing a test layer,
- closing the first openable cover, reducing pressure

or applying vacuum subsequently and providing inert
gas into the first manufacturing chamber,

- rotating the engaged rotary manufacturing unit into
a position in which the first manufacturing chamber
is positioned for irradiating the powder layer on the
first substrate,

- irradiating the substrate by means of an irradiation
unit,

- opening the protective cover of the additive manu-

facturing system and cooling the first manufacturing
chamber,

- providing powder reservoirs and maintaining tools in
the storing position of the additive manufacturing
system,

- closing the protective cover of the additive manufac-
turing system and providing inert gas into the first
manufacturing chamber,

- opening the first openable cover and removing a
product,

- separating the heating means, removing the sub-
strate and remaining powders in the storing position,

- refilling the powders in the fresh powder container
and closing the fresh powder container, and

- opening the protective cover and removing the prod-
uct out of the additive manufacturing system.

[0040] After a SLM process for example in the first
manufacturing chamber, the rotary manufacturing unit
may rotate 180 degrees such that the first manufacturing
chamber with a completely layered product can rotate
into the second position. In the second position, the sec-
ond manufacturing chamber can be positioned for irra-
diating the powder layer on the second substrate and the
first manufacturing chamber can be positioned for allow-
ing maintenance works and removal of the layered prod-
uct. After completing a SLM process in the second man-
ufacturing chamber, the rotary manufacturing unit may
rotate and a subsequent SLM process can follow in the
first manufacturing chamber. In this way a continuous
SLM process can be realized.
[0041] The additive manufacturing system according
to the invention has been designed for industrial use and
can be operated in a normal production environment. The
system and its interfaces are adapted to allow safer op-
eration in handling metal powders without personal pro-
tective equipment. In addition, the additive manufactur-
ing system is configured to avoid direct powder contact
during operation of the system. The additive manufac-
turing system further allows a robust and precise con-
struction.
[0042] It shall be understood that the additive manu-
facturing system and the method for apply a powder ma-
terial to a substrate according to the independent claims
have similar and/or identical preferred embodiments, in
particular, as defined in the dependent claims. It shall be
understood further that a preferred embodiment of the
invention can also be any combination of the dependent
claims with the respective independent claim.
[0043] These and other aspects of the present inven-
tion will become apparent from and be elucidated with
refer to the embodiments described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0044] Exemplary embodiments of the invention will be
described in the following with reference to the accom-
panying drawings:
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Figure 1 shows schematically and exemplary an em-
bodiment of a rotary manufacturing unit of an additive
manufacturing system according to the invention for
applying a powder layer to a substrate.
Figure 2 shows schematically and exemplary an em-
bodiment of a rotary manufacturing unit engaged
with a powder unit of an additive manufacturing sys-
tem according to the invention for applying a powder
layer to a substrate.
Figure 3 shows schematically and exemplary an em-
bodiment of a powder unit of an additive manufac-
turing system according to the invention for applying
a powder layer to a substrate.
Figure 4 shows schematically and exemplary a
cross-sectional view of the embodiment of the figure
2.
Figure 5 shows schematically and exemplary an em-
bodiment of an additive manufacturing system ac-
cording to the invention for applying a powder layer
to a substrate.
Figure 6 shows schematically and exemplary the
embodiment of an additive manufacturing system
according to the invention for applying a powder lay-
er to a substrate.
Figure 7 shows schematically and exemplary a
cross-sectional view of the embodiment of the figure
6.
Figure 8 shows schematically and exemplary the
embodiment of an additive manufacturing system
according to the invention for applying a powder lay-
er to a substrate.
Figure 9 shows schematically and exemplary the
embodiment of an additive manufacturing system
according to the invention for applying a powder lay-
er to a substrate.
Figure 10 shows schematically and exemplary an
embodiment of an automated additive manufactur-
ing system according to the invention for applying a
powder layer to a substrate.
Figure 11 shows a schematic overview of steps of a
method for applying a powder material to a substrate.

DETAILED DESCRIPTION OF EMBODIMENTS

[0045] Figure 1 shows schematically and exemplary a
rotary manufacturing unit 20 of an additive manufacturing
system 1 according to the invention for applying a powder
layer to a substrate 81. The rotary manufacturing unit 20
comprises a first manufacturing chamber M and a second
manufacturing chamber M. The first manufacturing
chamber M and the second manufacturing chamber M
are essentially of similar size and/or shape.
[0046] Further, the first manufacturing chamber M and
the second manufacturing chamber M each comprise a
detector window 20a, through which the laser melting
process can be monitored by means of various imaging
sensors 35 (see figure 6).
[0047] For an optimal laser melting process, it might

be necessary to remove smokes, splashes and particles
from the irradiation zone by means of a laminar gas flow
over the powder bed or substrate 81. Accordingly, a ven-
tilation inlet 20b and a ventilation outlet 20c are integrated
in each manufacturing chamber M of the rotary manu-
facturing unit 20 along the irradiation zone. The gas flow
within the manufacturing chambers M can be conducted,
for example, by means of attachable gas flow nozzles
20e (see also figure 4).
[0048] Both manufacturing chambers M can be her-
metically sealed by means of an openable cover 30 such
that a protective atmosphere can be built up in the man-
ufacturing chambers M (see also figure 2). In particular,
a seal 20d arranged between the rotary manufacturing
unit 20 and the openable covers 30 allows generating a
vacuum and flowing an inert gas in the manufacturing
chamber M without leakage.
[0049] The openable cover 30 is formed circular to be
fitted to the rotary manufacturing unit 20 and arranged
symmetrically at the rotary manufacturing unit 20. In ad-
dition, each manufacturing chamber M comprises an
opening formed in the bottom of the rotary manufacturing
unit 20. Through the opening, a powder unit P can be
engaged with the rotary manufacturing unit 20.
[0050] Figure 2 shows schematically and exemplary
an embodiment of the rotary manufacturing unit 20 en-
gaged with the powder unit P of the additive manufactur-
ing system 1 according to the invention. On the lower
side of the rotary manufacturing unit 20, two powder units
P are symmetrically arranged in the opening of the rotary
manufacturing unit 20.
[0051] As shown in figure 3, each powder unit P may
comprise e.g. three containers. A fresh powder container
26 stores fresh powder, a powder application container
27 allows forming a powder layer on a substrate 81, and
an excess container 28 collects excess powder and
splashes after applying the powder layer to the substrate
81.
[0052] Each powder unit P is disposed on a powder
unit supporting plate 21, which can be moved vertically
between a powder application position and container ex-
change position by means of a driving means 22. The
driving means 22 is mounted between the lower side of
the rotary manufacturing unit 20 and the powder unit sup-
porting plate 21 to raise or lower the powder unit sup-
porting plate 21, accordingly the powder unit P. When
lifting the powder unit supporting plate 21 by the driving
means 22, the powder unit P can be positioned accurately
and sealed hermetically by a manufacturing chamber
bottom plate 24, by which the powder unit P is engaged
with the rotary manufacturing unit 20 (see also figure 4).
For example, four lifting guides 23 connect the rotary
manufacturing unit 20 and the powder unit supporting
plate 21 using lifting guide bushings 23b to support a
vertical movement of the powder unit supporting plate
21. In the lowered position, i.e. container exchange po-
sition, the powder unit P can be exchanged. The powder
unit P can also comprise a handle 29 for automatic in-
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sertion and removal of the powder unit.
[0053] Figure 4 shows schematically and exemplary a
cross-sectional view of the powder unit P engaged with
the rotary manufacturing unit 20. The fresh powder con-
tainer 26 and the powder application container 27 have
an integrated container bottom plate 80, which seals the
interior of the powder containers to the outside. On the
container bottom plate 80, a zero point clamping system
80a is integrated, which allows a fast, easy and accurate
replacement of substrate 81.
[0054] On each bottom side of the fresh powder con-
tainer 26 and the powder application container 27, a lifting
means 11 is attached (see also figure 7). The lifting
means 11 may be rotated together with the respective
container, or be fixed at the bottom of the additive man-
ufacturing system 1. The lifting means 11 comprises a
lifting rod 11a and a container bottom plate interface 11b
and moves the container bottom plate 80 vertically within
the containers 26, 27. When the engaged rotary manu-
facturing unit 25 is rotated 180 degrees before or after a
production cycle, the lifting means 11 moves to a retract-
ed position and has no engagement with the container
bottom plate 80, which ensures a collision-free rotation
of the rotary manufacturing unit 20. Meanwhile, the con-
tainer bottom plate 80 is held in place by the integrated
clamping unit 80b, when the lifting means moves into the
retracted position.
[0055] During a SLM process in one of the manufac-
turing chambers M, the container bottom plate 80 of the
powder application container 27 is coated in layers by
means of a doctor blade 93 attached to a doctor blade
body 90. The doctor blade 93 supplies powder from the
fresh powder container 26 to the powder application con-
tainer 27 and from the powder application container 27
to the excess container 28 through its linear movement
guided by a doctor blade rail 91. The movement of the
doctor blade 93 is supported by a doctor blade drive
means 92 connected to the doctor blade body 90.
[0056] On the manufacturing chamber bottom plate 24,
a guiding unit 94 is mounted, which serves as an accurate
reference during movement of the doctor blade 93. The
guiding unit 94 is easy to replace in case of wear. There-
fore, the doctor blade 93 can move rapidly back to the
starting position and the coated layer is ready to be ex-
posed by means of an irradiation deflection unit 51, 52
(see also figure 6) according to product specifications.
Subsequently, the required material powder for the next
layer is supplied by the lifting means 11 of the fresh pow-
der container 26 in order to spread the powder onto the
substrate 81. At the same time, excess powder is swept
by the doctor blade 93 into the excess container 28. Coat-
ing and irradiation process is repeated until the entire
component has been built up in layers.
[0057] Figures 5 to 9 show schematically and exem-
plary an embodiment of the additive manufacturing sys-
tem 1. The additive manufacturing system 1 comprises
a base portion 10 and an optic portion 40, wherein the
base portion 10 and the optic portion 40 are releasably

mounted to each other. The base portion 10 and/or the
optic portion 40 are made of mineral cast. Mineral cast
allows high vibration damping and thermal stability, and
is therefore an ideal machine base for precision optical
machines.
[0058] In the base portion 10, the rotary manufacturing
unit 20 and the powder unit P are arranged and in the
optic portion 40 an irradiation unit is arranged. The rotary
manufacturing unit 20 in the base portion 10 can be con-
tinuously rotated in the same direction or can be rotated
180 degrees alternating to the left or right by means of a
rotary drive 36 and a pivot bearing ring gear 37. On the
base portion 10, the optic portion 40 is positioned after
an integration of the complete rotary manufacturing unit
25 engaged with the powder unit P. The optic portion 40
can be pre-assembled with all optic components parallel
to the assembly of the base portion 10. The optic com-
ponents are integrated in the optic portion 40 using an
optic assembly board 50. The optic assembly board 50
essentially serves for the integration and arrangement of
the irradiation deflection unit 51, 52. The irradiation de-
flection unit 51, 52 guides irradiation from an irradiation
source to the powder layer.
[0059] The additive manufacturing system 1 can be
modular by a simple change of the optic assembly board
50 with different irradiation deflection units. In a simple
form, the additive manufacturing system 1 has at least
one irradiation deflection unit 51 but can be extended up
to four irradiation deflection units for a highly productive
design.
[0060] The irradiation source may be housed in an air-
conditioned control cabinet 60 and the irradiation is guid-
ed by an optical fiber cable to the corresponding irradia-
tion deflection unit 51, 52. The irradiation unit 51, 52 is
separated from the manufacturing chamber M via the
openable cover 30 and the irradiation window 31 such
that the irradiation passes to the powder layer / substrate
81 through the irradiation window 31 without affecting
the irradiation unit 51, 52 from the dusty process envi-
ronment, such as smoke, splashes, particles etc.
[0061] The optic portion 40 can be provided addition-
ally with a protective cover 70, a monitor window 71, an
access means 72, a powder suction unit 74 and an open-
able cover guide unit 32, 33. The protective cover 70 can
be opened such that an operator may have an access
inside of the additive manufacturing system 1 via the ac-
cess means 72 for maintaining (cleaning, replacing, etc.)
the doctor blade 93 which can be monitored through the
monitor window 71. Further, the powder suction unit 74
removes the powder from a completed layered product
and the openable cover guide unit 32, 33 support the
openable cover 30 for an easy opening and closing. The
openable cover 70 may be opened in a vertical direction
by means of the cover guide unit 32, 33 or may be a flap
to be folded up and down to be opened and closed.
[0062] In the base portion 10 the powder unit P can be
inserted to the additive manufacturing system 1 either
manually or automated through a powder unit opening
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10b arranged at a front surface or at a lateral surface of
the base portion 10. The powder unit P may be inserted
into the additive manufacturing system 1 or extracted out
of the additive manufacturing system 1, for example, by
means of a powder unit conveying rail. The fresh powder
container 26 can comprise a lid 73, which can be closed
after the SLM process, removed after a maintenance
work via the access means 72 and stored in a storing
position in the optic portion 40. The container lid 73 may
be also automatically opened and closed by means of a
lid support element such as a mini crane, which may be
provided inside the additive manufacturing system 1.
[0063] The powder unit opening 10b may have two
door leaves, which may be opened like a gate. Addition-
ally, as soon as an opening angle of the two door leaves
exceeds about 90°, the door leaves can be at least par-
tially slid inside a recess or a slit in or under the base
portion 10.
[0064] Figure 10 shows schematically and exemplary
an embodiment of an automated additive manufacturing
system according to the invention for applying a powder
layer to a substrate. In the automated additive manufac-
turing system, a plurality of additive manufacturing sys-
tems 1 are arranged in series.
[0065] In case of a material change or an automatic
removal of the powder unit P, the powder unit supporting
plate 21 is lowered into the powder change position and
the powder unit P can be removed through the powder
unit opening 10b and replaced by newly prepared powder
containers with an automation device 110. Thus, the au-
tomation device 110 allows an industrial mass produc-
tion. The fresh powder container 26 and the excess con-
tainer 28 can be transported via the automation device
110 to a powder extraction and powder preparation unit
120. In the powder preparation unit 120, remaining pow-
der in the excess container 28 and the fresh powder con-
tainer 26 is removed and fresh powder 1a is supplied into
the fresh powder container 26 for an upcoming use in
the additive manufacturing system 1.
[0066] Meanwhile, the powder application container 27
is transported to a substrate preparation unit 130 by
means of the automation device 110. The substrate 81
with a product 1b is automatically removed from the pow-
der application container 27 and the product 1b can be
separated from the substrate 81. The substrate 81 can
be prepared in the substrate preparation unit 130 and
positioned in the powder application container 27 and be
then provided to the additive manufacturing system 1
again.
[0067] The additive manufacturing system 1 is very
easy and modern to operate and allows an individual use
for an operator. Accordingly, a multi-touch display can
be integrated and user profiles and user views can be
created, for example on a smartphone or a Head Up Dis-
play, in accordance with the operator authorization lev-
els. In the additive manufacturing system 1 according to
the invention, desired views of the process, control pro-
grams and/or process data can be displayed on the dis-

play in a desired size by e.g. the imaging sensors 35
integrated in the additive manufacturing system 1.
[0068] Figure 11 shows a schematic overview of steps
of a method for applying a powder material to a substrate
81. The method comprises the following steps:

- In a first step S1, providing a rotary manufacturing
unit 20 in an additive manufacturing system 1 with a
first manufacturing chamber M and a second man-
ufacturing chamber M.

[0069] The first manufacturing chamber M comprises
a first openable cover 30 and the second manufacturing
chamber M comprises a second openable cover 30.
[0070] The first manufacturing chamber M comprises
a first doctor blade 93 configured to apply a powder layer
on a first substrate 81 and the second manufacturing
chamber M comprises a second doctor blade 93 config-
ured to apply a powder layer on a second substrate 81.

- In a second step S2, rotating the rotary manufactur-
ing unit 20 from a first position in which the first man-
ufacturing chamber M is positioned for irradiating the
powder layer on the first substrate 81 and the second
manufacturing chamber M is positioned for opening
the second cover 30 into a second position in which
the second manufacturing chamber M is positioned
for irradiating the powder layer on the second sub-
strate 81 and the first manufacturing chamber M is
positioned for opening the first cover 30.

[0071] The method for applying a powder material to
a substrate 81 may comprise further steps (not shown):

- inserting a powder unit P through a lateral side of
the additive manufacturing system 1 relative to the
rotary manufacturing unit 20,

- removing a lid 73 of the powder unit P,
- mounting a substrate 81 onto a powder application

container 27 and connecting the substrate 81 with a
heating means,

- mounting and adjusting the doctor blade 93,
- adjusting the height of the substrate 81 by means of

a container bottom plate 80 and a lifting means 11,
- providing at least two powder reservoirs in a storing

position of the additive manufacturing system 1 for
manually refilling the fresh powder container 26,

- closing a protective cover 70 of the additive manu-
facturing system 1 and providing inert gas into the
first manufacturing chamber M,

- providing fresh powder from the powder reservoir
into the fresh powder container 26, and

- manufacturing a test layer.

[0072] The test layer and the SLM process can be qual-
itatively controlled by an operator through the monitor
window 71. As soon as the test layer on the substrate 81
of the powder application container 27 is satisfactory, the
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openable cover 30 can be lowered by means of an open-
able cover guide unit 33 and hermetically seals the man-
ufacturing chamber M.
[0073] The method for applying a powder material to
a substrate 81 may comprise further steps (not shown):

- closing the first openable cover 30, applying vacuum
subsequently and providing inert gas into the first
manufacturing chamber M,

- rotating the engaged rotary manufacturing unit 25
into a position for irradiating the powder layer on the
first substrate 81, wherein container bottom plates
80 in the fresh powder container 26 and the powder
application container 27 are held in place by an in-
tegrated clamping unit 80b and a lifting means 11
moved into a retracted position, and

- irradiating the substrate 81 by means of an irradiation
unit 51, 52.

[0074] During the SLM process, the substrate 81 of the
powder application container 27 is coated in layers by
means of the doctor blade 93. The excess powder is
swept by the doctor blade 93 into an excess container
28. Subsequently, the doctor blade 93 moves rapidly
back to a starting position and the powder layer on the
substrate 81 is exposed according to the component
specification to the irradiation deflection units 51, 52. At
the same time, the required material powder for a sub-
sequent layer is supplied by the lifting means 11 of the
fresh powder container 26 and the coating and irradiation
process is repeated until the entire product has been built
up in layers.
[0075] The method for applying a powder material to
a substrate 81 may comprise further steps (not shown):

- opening the protective cover 70 of the additive man-
ufacturing system 1 and cooling the first manufac-
turing chamber M,

- providing powder reservoirs and maintaining tools in
the storing position of the additive manufacturing
system 1,

- closing the protective cover 70 of the additive man-
ufacturing system 1 and providing inert gas into the
first manufacturing chamber M,

- opening the first openable cover 30 and removing a
product,

- separating the heating means, removing the sub-
strate 81 and remaining powders in the storing po-
sition,

- refilling the powders in the fresh powder container
26 and closing the fresh powder container with the
lid 73, and

- opening the protective cover 70 and removing the
product out of the additive manufacturing system 1.

[0076] It has to be noted that embodiments of the in-
vention are described with reference to different subject
matters. In particular, some embodiments are described

with reference to method type claims whereas other em-
bodiments are described with reference to the device
type claims. However, a person skilled in the art will gath-
er from the above and the following description that, un-
less otherwise notified, in addition to any combination of
features belonging to one type of subject matter also any
combination between features relating to different sub-
ject matters is considered to be disclosed with this appli-
cation. However, all features can be combined providing
synergetic effects that are more than the simple summa-
tion of the features.
[0077] While the invention has been illustrated and de-
scribed in detail in the drawings and foregoing descrip-
tion, such illustration and description are to be considered
illustrative or exemplary and not restrictive. The invention
is not limited to the disclosed embodiments. Other vari-
ations to the disclosed embodiments can be understood
and effected by those skilled in the art in practicing a
claimed invention, from a study of the drawings, the dis-
closure, and the dependent claims.
[0078] In the claims, the word "comprising" does not
exclude other elements or steps, and the indefinite article
"a" or "an" does not exclude a plurality. A single processor
or other unit may fulfil the functions of several items re-
cited in the claims. The mere fact that certain measures
are re-cited in mutually different dependent claims does
not indicate that a combination of these measures cannot
be used to advantage. Any reference signs in the claims
should not be construed as limiting the scope.

LIST OF REFERENCE SIGNS

[0079]

1 additive manufacturing system
10 base portion
10b powder unit opening
11 lifting means
11a lifting rod
11b container bottom plate interface
20 rotary manufacturing unit
20a detector window
20b ventilation inlet
20c ventilation outlet
20d sealing
20e gas flow nozzles
21 powder unit supporting plate
22 driving means
23 lifting guide
23b lifting guide bushing
24 manufacturing chamber bottom plate
26 fresh powder container
27 powder application container
28 excess container
29 handle
30 openable cover
31 irradiation window
32, 33 openable cover guide unit
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35 imaging sensors
36 rotary drive
37 pivot bearing ring gear
40 optic portion
50 optic assembly board
51, 52 irradiation unit
60 air-conditioned control cabinet
70 protective cover
71 monitor window
72 access means
73 powder lid
74 powder suction unit
80 container bottom plate
80a zero point clamping system
80b clamping unit
81 substrate
90 doctor blade body
91 doctor blade rail
92 doctor blade drive means
93 doctor blade
94 guiding unit
110 powder unit preparation automation device
120 powder preparation unit
130 substrate preparation unit

M manufacturing chamber
P powder unit

Claims

1. An additive manufacturing system (1) for applying a
powder layer to a substrate (81), comprising a rotary
manufacturing unit (20),
wherein the rotary manufacturing unit (20) compris-
es a first manufacturing chamber (M) and a second
manufacturing chamber (M),
wherein the first manufacturing chamber (M) com-
prises a first openable cover (30) and the second
manufacturing chamber (M) comprises a second
openable cover (30), wherein the first manufacturing
chamber (M) comprises a first doctor blade (93) con-
figured to apply a powder layer on a first substrate
(81),
wherein the second manufacturing chamber (M)
comprises a second doctor blade (93) configured to
apply a powder layer on a second substrate (81),
wherein the rotary manufacturing unit (20) is config-
ured to be rotatable into a first position in which the
first manufacturing chamber (M) is positioned for ir-
radiating the powder layer on the first substrate (81)
and the second manufacturing chamber (M) is posi-
tioned for enabling an opening of the second cover
(30), and into a second position in which the second
manufacturing chamber (M) is positioned for irradi-
ating the powder layer on the second substrate (81)
and the first manufacturing chamber (M) is posi-
tioned for enabling an opening of the first cover (30).

2. Additive manufacturing system (1) according to
claim 1, wherein the first manufacturing chamber (M)
and the second manufacturing chamber (M) are es-
sentially similar in size and/or shape.

3. Additive manufacturing system (1) according to
claim 1, wherein the rotary manufacturing unit has
an essentially circular base area.

4. Additive manufacturing system (1) according to any
of the preceding claims, wherein the first manufac-
turing chamber (M) and the second manufacturing
chamber (M) each comprises a ventilation inlet (20b)
and a ventilation outlet (20c) configured for providing
a gas flow relative to the respective substrate (81).

5. Additive manufacturing system (1) according to any
of the preceding claims, wherein the first manufac-
turing chamber (M) and the second manufacturing
chamber (M) each comprises a detector window
(20a) configured to let a detector signal pass.

6. Additive manufacturing system (1) according to any
of the preceding claims, wherein the first manufac-
turing chamber (M) and the second manufacturing
chamber (M) each comprises a manufacturing
chamber bottom plate (24), which comprises a guid-
ing unit (94) configured to guide the respective doctor
blade (93).

7. Additive manufacturing system (1) according to any
of the preceding claims, wherein the first cover (30)
and the second cover (30) each comprises an irra-
diation window (31) configured to let irradiation pass
to the powder layer.

8. Additive manufacturing system (1) according to any
of the preceding claims, wherein the first manufac-
turing chamber (M) and the second manufacturing
chamber (M) each further comprises a sealing (20d).

9. Additive manufacturing system (1) according to any
of the preceding claims, further comprising at least
a powder unit (P) configured to store fresh powder,
to apply a powder layer to a substrate (81), and to
receive excess powder.

10. Additive manufacturing system (1) according the
preceding claim, wherein the powder unit (P) com-
prises at least three containers,
a fresh powder container (26) configured to store
fresh powder,
a powder application container (27) configured to ap-
ply a powder layer to a substrate (81), and
an excess container (28) configured to collect excess
powder after applying the powder layer to the sub-
strate (81).
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11. Additive manufacturing system (1) according to
claim 9 or 10, wherein the powder unit (P) and/or at
least one of the containers (26, 27, 28) comprises a
powder lid (73).

12. Additive manufacturing system (1) according to
claim 10, wherein the doctor blade (93) is configured
to supply powder from the fresh powder container
(26) to the powder application container (27) and
from the powder application container (27) to the ex-
cess container (28).

13. Additive manufacturing system (1) according to any
of the claims 9 to 12, wherein the powder unit (P)
further comprises a powder unit supporting plate (21)
and a driving means (22),
wherein the powder unit supporting plate (21) is con-
figured to support the powder unit (P), and
wherein the driving means (22) is configured to drive
the powder unit (P) between a powder application
position and a container exchange position.

14. Additive manufacturing system (1) according to any
of the claims 10 to 13, wherein the fresh powder con-
tainer (26) and the powder application container (27)
each comprises a container bottom plate (80) and a
lifting means (11),
wherein the lifting means (11) is configured to lift the
container bottom plate (80) within the respective con-
tainer.

15. Additive manufacturing system (1) according to any
of the preceding claims, further comprising at least
a laser and an irradiation unit (51, 52) configured to
provide irradiation for irradiating the powder layer,
wherein the irradiation unit (51, 52) comprises at
least an irradiation deflection unit (51, 52), and
wherein the irradiation deflection unit (51, 52) is con-
figured to guide irradiation from an irradiation source
to the powder layer.

16. Additive manufacturing system (1) according to any
of the preceding claims, further comprising an evac-
uation unit configured to reduce a pressure in the
manufacturing chamber (M).

17. Additive manufacturing system (1) according to any
of the preceding claims, further comprising a heating
unit configured to heat the manufacturing chamber
(M).

18. Additive manufacturing system (1) according to any
of the preceding claims, wherein the rotary manu-
facturing unit (20) and the powder unit (P) are ar-
ranged in a base portion (10) and the irradiation unit
(51, 52) is arranged in an optic portion (40), and
wherein the base portion (10) and the optic portion
(40) are releasably mounted to each other.

19. Additive manufacturing system (1) according to the
preceding claim, wherein the base portion (10)
and/or the optic portion (40) are made of mineral
cast.

20. A method for applying a powder layer to a substrate
(81), comprising the following steps:

- providing (S1) a rotary manufacturing unit (20)
in an additive manufacturing system (1) with a
first manufacturing chamber (M) and a second
manufacturing chamber (M),
wherein the first manufacturing chamber (M)
comprises a first openable cover (30) and the
second manufacturing chamber (M) comprises
a second openable cover (30), and
wherein the first manufacturing chamber (M)
comprises a first doctor blade (93) configured to
apply a powder layer on a first substrate (81)
and the second manufacturing chamber (M)
comprises a second doctor blade (93) config-
ured to apply a powder layer on a second sub-
strate (81),
- rotating (S2) the rotary manufacturing unit (20)
from a first position in which the first manufac-
turing chamber (M) is positioned for irradiating
the powder layer on the first substrate (81) and
the second manufacturing chamber (M) is posi-
tioned for opening the second cover (30) into a
second position in which the second manufac-
turing chamber (M) is positioned for irradiating
the powder layer on the second substrate (81)
and the first manufacturing chamber (M) is po-
sitioned for opening the first cover (30).
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