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1
DEVICE AND METHOD FOR CONVEYING
POWDER FROM A POWDER SUPPLY

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is filed under 35 U.S.C. §120 and §365(c)
as a continuation of International Patent Application PCT/
EP2012/054340, filed Mar. 13, 2012, which application
claims priority from German Patent Application No. 10 2011
017 277.7, filed Apr. 15, 2011, and German Patent Applica-
tion No. 102011 052 431.2, filed Aug. 5, 2011, which appli-
cations are incorporated herein by reference in their entire-
ties.

FIELD OF THE INVENTION

The invention relates to a device for conveying powder.
The invention further relates to a method for conveying pow-
der from a powder container.

BACKGROUND OF THE INVENTION

Powder conveyance devices and methods are employed,
for example, for conveying dosed quantities of a fine-grained
powder for plasma coating processes. To prevent a standstill
of the powder conveyance device, powder deposits and
agglomerations are to be avoided.

The conveyance of fine-grained powders with a particle
size of less than 150 pm with known conveyor devices is
subject to considerable restrictions regarding the accuracy of
the mass flow of the powder conveyed. There is no technically
ideal solution for particles with grain sizes below 20 pm and
feed rates of less of than 10 g/min. Below this grain size, the
adhesion forces between the powder particles increase con-
siderably. The surface of the particles in relation to the vol-
ume increases steeply. A cube with an edge length of 1 cm has
a surface of 0.006 m*. The same volume stacked up with
particles of five nanometers edge length has, however, a sur-
face area of 2400 m>. The steep increase in the surface adhe-
sion forces impairs the conveyance of such small particles.
Agglomeration of the powder/gas mixture can be avoided by
continuously coupling energy into the powder, for example,
by sustaining high flow speeds, which involve a high gas or air
consumption. Yet, high gas volume streams are disadvanta-
geous for many kinds of subsequent working processes, such
as, for example, plasma-coating processes or laser-coating
processes. Furthermore, powder conveyance under high gas
volume streams requires application of more energy. Also,
small quantities of fine powders cannot be dispersed in gas.

German Patent Application No. 44 23 197 Al discloses a
powder pump for the spray-coating of articles in a rod-type
elongated shape. On a front side, the powder pump carries a
powder inlet opening via which the powder is drawn from an
upwardly open powder container. The powder is subse-
quently conveyed via an inner tube of the powder pump to a
consumer. The powder conveyance itself is driven by gener-
ating a vacuum within the powder pump. The vacuum is
generated by an injector nozzle arranged in the vicinity of the
powder inlet opening.

German Patent Application No. 10 2006 002 582 A1 dis-
closes a powder conveyor with a fluidizing unit. The fluidiz-
ing unit is arranged at the end of a powder inlet tube of the
powder conveyor and blows in the suction region of the pow-
der inlet tube fluidizing air into the powder supply such that
the powder is fluidized. The fluidized powder can be more
readily sucked and conveyed. The fluidizing unit is arranged
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above and concentrically with the powder inlet opening. As a
result, a screen-shaped region of fluidized powder is formed
around the intake opening. The powder conveyance is per-
formed by means of a compressed air injector, which is con-
nected to the end of the powder intake tube opposite to the
fluidizing unit. By construction of the powder conveyor, no
fluidization occurs directly below the powder inlet opening.
While the annular fluidization enhances the sucking of the
powder, the powder conveyance lacks in constancy regarding
the amount of powder sucked over time. Furthermore, powder
agglomerates are merely deficiently dissolved, and for the
most part, sucking directly through the powder suction open-
ing. Powder agglomerates may cause issues and malfunc-
tions, especially so in subsequent coating processes that aim
for coatings of constant layer thickness.

BRIEF SUMMARY OF THE INVENTION

It is the object of the invention is to provide a device for
conveying powders such that the amount of the conveyed
powder is constant over time.

This objectis achieved by a device for conveying of powder
having a container for the powder where the powder in the
container defines a surface; a suction means with an suction
opening for sucking the powder from the surface; and a
motion means for producing a relative motion between the
suction opening and the surface of the powder during sucking
of the powder is provided, where a speed of the relative
motion is variable such that a predetermined mass flow is
maintained.

Another object of the invention is to provide a method for
conveying powders such that the amount of the powder con-
veyed over time corresponds to a predetermined value.

The above object is achieved by a method for conveying
powder, the method having following steps: sucking a powder
through a suction opening of a suction means from a surface
of'the powder arranged within a container; generating a rela-
tive motion between the suction opening and the surface of
the powder while sucking the powder; continuously measur-
ing the weight of the powder within the container during
aspiration of the powder and transferring the resulting mea-
suring data to a measurement and control electronics; and
setting a speed of the relative motion between the suction
opening and the surface of the powder such that a predeter-
mined mass flow (dM/dt) of the powder out of the container is
achieved.

According to the invention, powder is being sucked exclu-
sively from a surface of the powder that is stored in the
container. Powder may also be sucked from or out of a cover
layer of the powder, where the cover layer comprises the
powder surface. For example, when sucking from lower pow-
der layers of a powder supply consisting of fine-grained,
non-flowable powders, cavities form that cannot be removed
but by intensive action onto the surrounding powder supply.
Those cavities cause the powder stream (and its mass flow
rate) to be non-uniform during the powder conveyance. Mov-
ing means provide a relative motion between the suction
opening of the suction means and the surface of the powder or
of the cover layer of the powder during powder sucking. In
this way, the mechanical energy is coupled into the powder
that is required to prevent the formation of cavities within its
cover layer. A moving means serves for driving a relative
motion between the suction opening and the surface of the
powder during powder sucking. A speed of this relative
motion can be varied such that a predetermined mass flow of
powder conveyed from a first working space to a second
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working space is maintained, thereby transporting the powder
within the container to the substrate.

The choice of the powder sucking technique depends on
the particular mass and grain size of the powder particles. In
one embodiment, the suction means may be spaced apart
from the surface of the powder. Alternatively, the suction
means may be in contact with the surface of the powder. Also,
as already described above, the suction means may protrude
into the cover layer of the powder. The powder sucking within
in the cover layer is, for example, carried out as close as
possible to the powder surface. The distance between the
suction opening of the suction means and the surface of the
powder supply (preferably ranges from 1 mm to 10 mm.
Sucking powder close from its surface ensures, also for fine-
grained powders with particle sizes ranging from 0.01 pm to
100 pm, such that the trace in the cover layer formed by the
suction means is or remains open towards the powder surface.

As already mentioned, it is also conceivable to guide the
suction means (embodied, e.g., as a powder nozzle or a suc-
tion needle) in contact with the powder surface. When the
powder to be conveyed is very light, the suction means may be
guided without direct to contact to its powder surface. In such
cases, the suction means is typically spaced and guided about
0.2 mm above the powder surface. Consequently, there is no
direct mechanical contact between the suction means and the
powder surface. By the sucking action, the powder is torn
from the powder surface and transferred into the suction
means.

The volume flow of the conveyed powder may be varied by
adjusting the speed of the relative motion between the suction
opening and the powder supply. Furthermore, the geometry of
the suction means as well as of the diameter of its suction
opening has a substantial impact on the volume flow of the
powder it conveys. The preferred distance from the suction
opening of the suction means to the surface of the powder
supply also depends on the above-mentioned parameters.
Higher volume flows permit increasing the distance from the
suction opening, and thus, allows for sucking of powder layer
of increasing thickness during the relative motion of the suc-
tion means in the cover layer.

Three-axle systems that allow for said relative motion of
the suction means in the X-, Y- and Z-direction are feasible to
embody the motion means. The X/Y motion is required in
order to drive the horizontal relative motion between the
suction opening and the powder surface or the powder within
the cover layer, while the Z-axis permits the vertical adjust-
ment of the suction opening in order to ensure a constant
distance from the powder surface, a continuous contact to the
powder surface or a constant immersion depth of the suction
means into the cover layer. Tracking of the suction opening
along the Z-axis is necessary when a powder layer has been
entirely removed by the suction means.

The suction means has, for example, a needle-shaped, hol-
low cylindrical body with two end faces. One of these end
faces forms the suction opening while the other end face is
connected, for example, via a flexible suction line, to the
suction side of a pump. Via pressure side this pump the
powder is conveyed downstream to a subsequent process, for
example, a plasma coating process.

The tracking of the suction opening in along the Z-axis of
the powder supply may be automated by arranging a float
gauge on the suction means at a distance from the suction
opening. The float gauge is floating on the surface of the
powder supply and thus adapts to its surface topography. The
float ensures a constant distance between the suction opening
and the powder surface within the cover layer.
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Setting a pressure difference between the first working
space and the second working space serves to convey the
powder from the surface of the powder in the container to a
surface of a substrate. One possible means for setting this
pressure difference is a diaphragm pump.

The powder is to be conveyed in such a diaphragm pump
separated from its drive by its membrane. By virtue of this
separating membrane, the drive is protected from the harmful
influences, especially caused by the fine-grained powders.
Conversely, the fine-grained powder is separated from the
drive und is thus warded against possible detrimental influ-
ences stemming, for example, from lubricants of the drive.
The membrane is, for example, deflected pneumatically or
mechanically. For conveying fine powders, the oscillation
frequency of the membrane ranges, for example, from 10 Hz
to 200 Hz for pump volumes ranging from 0.1 m[ to 20 mL..

An undesirable pulsation in the powder within the pressure
line may be avoided or at least reduced by connecting the
suction means to at least two diaphragm pumps that are set up
for phase-shifted operation. The high frequencies of the dia-
phragm pump enhance the continuous conveyance of small
amounts of the fine-grained powder. For enhanced continu-
ous and low-pulsation conveyance of fine powders, it is
advantageous to connect the suction side of each diaphragm
pump to the suction means via an as short as possible suction
line. Suitable lengths of the suction line have been found to
range from 1 cmto 50 cm. Also, the length of the pressure line
should preferably be at least a factor of 10 than the suction line
for enhanced low-pulsation conveyance. In tests with suction
lines and pressure tines with an inner diameter of 2.5 mm, no
low-pulsation conveyance was obtained for a pressure line
length of 3 in, while good results have been achieved with
pressure line lengths of more than 10 m. In these tests, the
length of the suction line ranged from 0.5 m to 1 m. It could
be concluded from these tests that the conveyance of fine
powders is uniform and low in pulsation if each diaphragm
pump is connected on its pressure side to a pressure line, and
if the length of these pressure lines exceeds their diameter at
least by a factor of 2000.

In order to prevent powder deposits in the conveying path,
the suction means and/or the suction lines and/or the pressure
lines of the device are coupled to, for example, a vibration
generator. In case the suction means is coupled to a vibration
generator, the powder near the powder surface or in the cover
layer is loosened up in the vicinity of the suction opening and
powder agglomerates are dissolved before being sucked into
the suction means.

A superimposed oscillatory motion performed by the suc-
tion means, such as, e.g., a circular oscillation, achieves sev-
eral beneficial effects regarding the quantity of powder
sucked and conveyed. As the powder surface is smoothened,
the constancy of the powder’s mass flow rate according to
predetermined mass flow rate can be maintained. Also, the
surface swept by the suction means per time unit is increased
by an oscillatory motion, thus, averaging out possible discon-
tinuities in the topography of the powder surface. Both effects
allow for maintaining a continuous, predetermined powder
feed rate (i.e., a predetermined mass flow).

Amongst vibration generators used are, e.g., mechanical or
piezo oscillators.

The conveyance of fine-grained powders can be improved
by fluidizing the powder sucked into the suction means and/or
the suction means downstream lines by injecting a gas. This
fluidizing gas is injected in particular with low volume flows
ranging from of 1 [./min to 50 min.

For enhanced fluidization of the powder, the suction means
my be embodied by a hollow needle. An inner hollow needle
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acts as a suction means, while the fluidizing gas is supplied
via an outer hollow needle that surrounds the inner hollow
needle.

In order to ensure that a predetermined mass flow of pow-
der is maintained from the container to the substrate the
container is arranged on a scale. This scale is connected with
a measuring and control electronics that controls the motion
means or the multi-axle system such that, by adjusting the
speed of the relative motion of the suction means, the prede-
termined mass flow of powder from the surface of the powder
to the surface of the substrate is adjusted or maintained.

The horizontal relative motion in the cover layer is carried
out by the motion means in a circular manner. To level out the
topography of powder surface, a device for leveling the pow-
der surface may be provided. This leveling device can be, for
example, a rake that moves relative to the powder surface and
shoves powder into the track in the cover layer left behind by
the suction means from adjacent regions. As a result, after a
circular relative motion of 360° only little tracking of the
suction means is required along the Z-axis.

If the horizontal relative motion carried out by the motion
means has a helical in the cover layer, an entire powder layer
may be removed from the entire surface of the powder supply
without mechanical action onto regions neighboring the trace
generated by the suction means.

The method for conveying powder, having the following
steps: sucking a powder through a suction opening of a suc-
tion means from a surface of the powder arranged within a
container; generating a relative motion between the suction
opening and the surface of the powder while sucking the
powder; continuously measuring the weight of the powder
within the container while sucking the powder and transfer-
ring the resulting measuring data to a measurement and con-
trol electronics; and setting a speed of the relative motion
between the suction opening and the surface of the powder
such that a predetermined mass flow of the powder from the
container is achieved.

BRIEF DESCRIPTION OF THE DRAWINGS

The nature and mode of operation of the present invention
will now be more fully described in the following detailed
description of the invention taken with the accompanying
drawing figures, in which:

FIG. 1 is a schematic side view of an inventive device for
conveying of fine-grained powders;

FIG. 2 shows the device according to FIG. 1 for conveying
fine-grained powder to a plasma-coating system;

FIG. 3a shows a representation of a helical motion of the
suction means relative to the surface of the powder supply;

FIG. 3b shows a representation of a meander-shaped
motion of the suction means relative to the surface of the
powder supply;

FIG. 3¢ shows a representation of a linear motion of the
suction means relative to the surface of the powder supply;

FIG. 4a is a schematic side view of another embodiment
the inventive device performing a circular motion of the suc-
tion means relative to the surface of the powder supply;

FIG. 4bis a plan view of the device shown in FIG. 4a; and,

FIG. 5 is a schematic representation of a control loop for
setting a temporal predetermined mass flow of the powder
conveyed by the suction means.

DETAILED DESCRIPTION OF THE INVENTION

At the outset, it should be appreciated that like drawing
numbers on different drawing views identify identical, or
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6

functionally similar, structural elements of the invention.
While the present invention is described with respect to what
is presently considered to be the preferred aspects, it is to be
understood that the invention as claimed is not limited to the
disclosed aspects.

Furthermore, it is understood that this invention is not
limited to the particular methodology, materials and modifi-
cations described and, as such, may, of course, vary. It is also
understood that the terminology used herein is for the purpose
of describing particular aspects only, and is not intended to
limit the scope of the present invention, which is limited only
by the appended claims.

Unless defined otherwise, all technical and scientific terms
used herein have the same meaning as commonly understood
to one of ordinary skill in the art to which this invention
belongs. Although any methods, devices or materials similar
or equivalent to those described herein can be used in the
practice or testing of the invention, the preferred methods,
devices, and materials are now described.

FIG. 1 shows a device for conveying fine-grained, non-
flowable powders 1 with particle sizes ranging from 0.01 um
to 100 um. Powder 1 is stored in container 2. Powder supply
has cover layer 3 having a constant thickness 4 of 20 mm
which is not represented to scale in FIG. 1. Beneath cover
layer 3 or surface 18 of powder 1, there is lower layer 5 of the
powder supply, whose thickness, at the beginning of the suck-
ing of powder 1 from the powder supply, is multiple times
greater than thickness 4 of cover layer 3.

The device further includes suction means 6 with suction
opening 7 for sucking powder 1 out of container 2. In one
embodiment, suction means 6 is designed as a hollow needle.
The hollow needle is arranged on multi-axle system 41 acting
as motion means 44 for driving relative motion 8 in the
X-direction X and Y-direction Y between suction opening 7
and powder 1 within cover layer 3. It is likewise conceivable
that suction opening 7 of suction means 6 is guided at a
distance of 0 mm or with a small spacing from surface 18 of
powder 1. Itis feasible to space suction opening 7 at a distance
above surface 18 of powder 1 when the particles of powder 1
are light enough to be easily transported from first working
chamber 51, in which surface 18 of powder 1 is located, to
second working chamber 52, in which surface 35 of substrate
36 (see FIG. 2) is arranged. Between surface 18 of powder 1
and surface 35 of substrate 36, there is pressure difference Ap.
In this case, the particles of powder 1 are sucked from surface
18.

At the opposite end of suction opening 7, gas supply 9 for
supplying fluidizing gas 10 in mass flow dM/dt of powder 1 is
arranged on suction means 6. Furthermore, mechanical vibra-
tion generator 11 is arranged on suction means 6. This
mechanical vibration generator 11 dissolves particle agglom-
erations in powder 1 passing through suction means 6 and
also loosens up powder 1 at surface 18 or in cover layer 3 in
the region of suction opening 7.

A means for adjusting pressure difference Ap between
surface 18 of powder 1 and surface 35 of substrate 36 and
between first working chamber 51 and second working cham-
ber 52 is, for instance, diaphragm pump 12. In this embodi-
ment, suction side 13 of diaphragm pump 12 is connected to
suction means 6 via suction line 14. On pressure side 15 of
diaphragm pump 12, pressure line 16 is connected. This pres-
sure line 16 leads, e.g., to plasma coating device 17 not shown
in FIG. 1. Its function and operation are illustrated in greater
detail in FIG. 2 and pertaining description.

By means of multi-axle system 41 not shown in FIG. 1,
relative motion 8 between suction opening 7 and the powder
supply in cover layer 3 and with respect to the surface, respec-
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tively, is carried out during the sucking of powder 1 driven by
diaphragm pump 12. The immersion depth of suction opening
7 ranges between 1 mm to 10 mm throughout its horizontal
motion through cover layer 3.

The device shown in FIG. 1 can include several suction
means 6 that are simultaneously moved relative to the powder
supply and within cover layer 3 or in relation to surface 18 of
powder 1 by means of one or multiple multi-axle systems 41.
Multi-axle system 41 for generating relative motion 8 may,
for example, be embodied by a portal system or a robot arm of
a robot.

Multi-axle system 41 can perform, for instance, relative
motions 8 between suction means 6 and surface 18 of powder
1 as shown in FIGS. 3a to 3c¢. In order to suck complete
powder layer P (see FIG. 1) over entire surface 18 of powder
1, relative motion 8 is composed of a superposition of linear
horizontal motion components in the X-direction X and Y-di-
rection Y, as can be seen from the top-view representations of
FIGS. 3a to 3¢. The removal of powder layer P exposes new
surface F, which then forms surface 18 of the powder supply.
Suction opening 7 is tracked in Z-direction by means of
multi-axle system 41 in order to position suction opening 7 in
new cover layer 3 upwardly limited by new surface 18 (cf.
FIG. 1). Subsequently, suction means 6 sucks fine-grained
powder 1 from new cover layer 3 in proximity to its surface.
How suction means 6 may be spaced from or immersed in
powder 1 has been laid out above in detail. Although FIGS. 1
and 2 illustrate an immersion of suction means 6 into powder
1, this shall not be regarded as a limitation of the invention.

FIG. 34 shows horizontal helical relative motion 8 within
cover layer 3 or with respect to surface 18 of powder 1, which
may also be generated by suitably controlled multi-axle sys-
tem 41. FIG. 3b shows horizontal meander-shaped relative
motion 8 within cover layer 3 or with respect to surface 18 of
powder 1. FIG. 3¢ shows horizontal linear relative motion 8
within a cover layer or with respect to surface 18 of powder 1
which is composed of plurality of straight trajectories 50. All
possible trajectories 50 are tracked in the Z-direction Z.

FIGS. 4a and 45 show an additional embodiment, which
performs circular relative motion 8 (having superimposed
motion components in X-direction X and theY-directionY) of
suction means 6 relative to surface 18 of powder 1 in con-
tainer 2. Features of this embodiment corresponding to those
shown in FIG. 1 carry consistent reference numerals and have
already been described in this context.

The here illustrated embodiment has rotary drive 20, by
means of which cylindrical container 2 can rotated about its
axis of rotation 21. In most cases, however, rotary to drive 20
can be omitted.

The in Z-direction Z height-adjustable suction means 6 is
arranged on horizontal cantilever 24 of frame 22. Suction
opening 7 faces in the direction of surface 18 of powder 1 and
can protrude into cover layer 3 or, as shown in FIG. 4a, merely
touch surface 18 of powder 1.

Also in the case of the embodiment shown in FIGS. 4a and
4b, suction means 6 may be tracked in Z-direction Z by an
associated motion means 44.

FIG. 2 illustrates an embodiment of the invention. Pressure
side 15 of diaphragm pump 12 is connected via pressure line
16 to beam generator 31 for generating bundled plasma beam
32 by arc discharge. The powder/gas mixture is injected via
nozzle 33 into plasma beam 32 in a region of feed-in of outlet
34 of beam generator 31. Fine-grained powder 1 is deposited
with plasma beam 32 as coating 37 onto surface 35 of sub-
strate 36. Beam generator 31 has inner rod-shaped electrode
38 for the generation of plasma beam 32. Inner rod-shaped
electrode 38 is surrounded and electrically insulated against
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jacket electrode 39. Working gas 40 streams through jacket
electrode 39 from the opening located opposite to nozzle 33.

The distance between suction opening 7 to surface 18 of
powder 1 inside of cover layer 3 or with respect to surface 18
of powder 1 may be adjusted by means of multi-axle system
41 which is also drivable in Z-direction.

FIG. 5 shows schematic arrangement 23 by which prede-
termined mass flow dN1idt of powder 1, conveyed by suction
means 6, can be adjusted. Container 2 containing powder 1
stands on scale 42. By continuous weighing of mass M of
powder 1 in the container during the sucking of powder 1, the
amount of powder 1 extracted per unit time can be deter-
mined. The measurement data obtained by the scale are sub-
sequently communicated to measurement and control elec-
tronics 43. Between scale 42 and measurement and control
electronics 43, operation amplifier 26 is provided. Scale 42 is
connected to measurement and control electronics 43, which
is connected multi-axle system 41 such that on velocity V of
relative motion 8 can be controlled such that predetermined
mass flow dM/dt of powder 1 from its surface 18 to surface 35
of substrate 36 is maintained. Measurement and control elec-
tronics 43 receives time-resolved actual value I of mass flow
dM/dt (first derivative of conveyed mass M with respect to
time T). The change in mass flow d*M/dt* is the second
derivative of conveyed mass M with respect to time T. Mea-
surement and control electronics 43 carries out a comparison
between actual value I and set value S. The diaphragm pump
also supplies information on its status to measurement and
control electronics 43. Control quantity V, for speed V of
relative motion 8 is derived from the comparison between
actual value I and set value S.

Determined control quantity V| serves for the control and
regulation of motion means 44 driving relative motion 8
between suction means 6 or suction opening 7 and surface 18
of powder 1 while the sucking of powder 1 remains uninter-
rupted. Based on the value of control quantity V, speed V of
relative motion 8 is adjusted such that temporally predeter-
mined mass flow dM/dt is being maintained.

Thus, it is seen that the objects of the present invention are
efficiently obtained, although modifications and changes to
the invention should be readily apparent to those having ordi-
nary skill in the art, which modifications are intended to be
within the spirit and scope of the invention as claimed. It also
is understood that the foregoing description is illustrative of
the present invention and should not be considered as limit-
ing. Therefore, other embodiments of the present invention
are possible without departing from the spirit and scope of the
present invention.

List of reference numbers

No. Description
1 powder
2 container
3 cover layer
4 thickness
5 lower layer
6 suction means
7 suction opening
8 relative motion
9 gas inlet
10 fluidizing gas
11 vibration generator
12 diaphragm pump
13 suction side
14 suction line
15 pressure side
16 pressure line
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-continued

List of reference numbers

No. Description
17 palsma coating system
18 surface
19 surface
10 pressure drive
21 rotation axis
22 frame
23 arrangement
24 cantilever
26 operation amplifier
27 segment
28 rope
29 pulley
30 counterweight
31 beam generator
32 plasma beam
33 nozzle
34 outlet
35 surface
36 substrate
37 coating
38 rod-shaped electrode
39 jacket electrode
40 working gas
41 multi-axle system
42 scale
43 measurement and control electronics
44 motion means
50 trajectory
51 first working space
52 second working space
I actual value
M mass
Mz temporal change of the mass
dM/dt mass flow
d>M/dt? change in the mass flow
P F powder layer
Ap pressure difference
S set value
\' speed
Vs control quantity
X X-direction
Y Y-direction
z Z-direction

What is claimed is:

1. A device for conveying of powder, comprising:

a container in which the powder is stored;

a surface in the container defined by the powder;

a suction means spaced from the surface of the powder;

a suction opening defined by the suction means for sucking
the powder from the surface;

a motion means for producing a relative motion between
the suction opening and the surface of the powder during
sucking of the powder from the surface, wherein a speed
of the relative motion is variable such that a predeter-
mined mass flow is maintained; and,

a scale for the container with the powder, wherein the scale
is connected to measurement and control electronics for
controlling the motion means such that the predeter-
mined mass flow of the powder from the surface of the
powder to a surface of a substrate is maintainable via the
speed of the relative motion.

2. The device as recited in claim 1, wherein the suction

means dips into a cover layer of the powder.

3. The device as recited in claim 1, wherein the motion
means comprises a multi-axle system for driving the relative
motion between the suction opening and the surface of the
powder.

10

4. The device as recited in claim 1, wherein the suction
means has a hollow cylindrical body having two front sides,
wherein one of the front sides forms the suction opening.

5. The device as recited in claim 1, wherein a pressure

5 difference between the surface of the powder in a first work-

ing space and a surface of a substrate in a second working
space is maintainable, whereby the powder is conveyable to
the second working space.

6. The device as recited in claim 5, wherein there is at least

10 one diaphragm pump for generating the pressure difference.

7. The device as recited in claim 1, wherein the suction
means and/or a suction line and a pressure line are connected
with a vibration generator.

8. The device as recited in claim 1, wherein the suction

15 means comprises a gas inlet for a fluidizing gas.

9. The device as recited in claim 1, wherein the container is
arranged on a scale, the scale being connected to a measure-
ment and control electronics for controlling a multi-axle sys-
tem such that the predetermined mass flow of the powder

20 from the surface of the powder to the surface of the substrate

is maintainable via the speed of the relative motion.

10. A device for conveying of powder comprising:

a container in which the powder is stored;

a surface in the container defined by the powder;

25  asuction means;

a suction opening, defined by the suction means, for suck-
ing the powder from the surface, wherein the suction
opening of the suction means is spaced from the surface
of the powder in the container;

30  amotion means is provided for producing a relative motion
between the suction opening and the surface of the pow-
der during sucking of the powder, wherein a speed of the
relative motion is variable such that a predetermined
mass flow is maintained; and,

35 ascale for the container with the powder, wherein the scale
being connected to a measurement and control electron-
ics for controlling a multi-axle system such that the
predetermined mass flow of the powder from the surface
of the powder to a surface of a substrate is maintainable

40 via the speed of the relative motion.

11. A device for conveying of powder comprising:

a container for the powder wherein the powder in the con-
tainer defines a surface;

a suction means with an suction opening for sucking the

45 powder from the surface, wherein suction means dips
into a cover layer of the powder;

a motion means for producing a relative motion between
the suction opening and the surface of the powder during
sucking of the powder is provided, wherein a speed of

50 the relative motion is variable such that a predetermined
mass flow is maintained; and,

a scale for supporting the container, wherein the scale
being connected to a measurement and control electron-
ics for controlling a multi-axle system such that the

55 predetermined mass flow of the powder from the surface
of the powder to the surface of the substrate is maintain-
able via the speed of the relative motion.

12. The device as recited in claim 1, wherein the suction
means and/or a suction line or a pressure line are connected

60 with a vibration generator.

13. A device for conveying of powder comprising:

a container in which the powder is stored;

s surface in the container defined by the powder;

a suction means touching the surface of the powder in the

65 container;

a suction opening defined by the suction means for sucking
the powder from the surface;
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a motion means for producing a relative motion between
the suction opening and the surface of the powder during
sucking of the powder, wherein a speed of the relative
motion is variable such that a predetermined mass flow
is maintained; and

a scale for the container with the powder, wherein the scale
is connected to measurement and control electronics for
controlling the motion means such that the predeter-
mined mass flow of the powder from the surface of the
powder to a surface of a substrate is maintainable via the
speed of the relative motion.

14. The device as recited in claim 13, wherein the suction
means and/or a suction line and a pressure line are connected
with a vibration generator.

15. The device as recited in claim 13, wherein the suction
means and/or a suction line or a pressure line are connected
with a vibration generator.

#* #* #* #* #*
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