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Description

BACKGROUND OF THE INVENTION

Field of the Invention:

[0001] The present invention relates to an apparatus
and a method of supplying powder coating material, and
more specifically, to improvement in response of an ac-
tual supply rate to a given supply rate.

Description of the Related Art:

[0002] When powder coating such as coating of a car
body is conducted, in order to make uniform the finished
coating and to effectively use the coating material, it is
necessary to always supply a constant amount of powder
coating material to a coating gun. In a conventional ap-
paratus for supplying powder coating material of this
type, one end of a carrier tube is inserted in a tank for
containing powder coating material. By blowing suction
air into a nozzle of an injector provided on the other end
of the carrier tube, the powder coating material in the
tank is sucked into the carrier tube to be supplied to the
coating gun. A measurement device for measuring the
flow rate of the powder coating material is attached to
the carrier tube. Based on the difference between the
actual supply rate of the powder coating material which
is measured by the measurement device and a given
supply rate which is inputted via a control panel or the
like, the pressure of the suction air to be blown into the
nozzle of the injector is PID-controlled such that the ac-
tual supply rate equals the given supply rate. Here, PID
control is a control system which is a combination of pro-
portional operation for smooth control without hunting,
integral operation for automatic correction of offset, and
differential operation for improved response to distur-
bance. Such an apparatus for supplying powder coating
material enables the coating gun to be always supplied
with the given supply rate of powder coating material.
[0003] However, since it is attempted to supply the giv-
en supply rate of powder coating material by PID control
of the pressure of the suction air to be blown into the
nozzle of the injector based on the difference between
the actual supply rate and the given supply rate, when
the proportional band of the PID control is set to be nar-
row, response of the actual supply rate to the given supply
rate of powder coating material overshoots and oscillates
as shown in Fig. 7 by a curve C1. On the other hand,
when the proportional band is set to be wide, the re-
sponse of the actual supply rate to the given supply rate
of powder coating material is slow as shown in Fig. 7 by
a curve C2. Therefore, as shown in Fig. 8, it takes time
to obtain a desired suction air pressure and an actual
supply rate in response to change in the given supply
rate.
[0004] Document US5473947 relates to a fluidized
powder flowrate measurement decive in which the actual

powder mass flow rate measured based on signals of
two pressure sensors is output from the computer and
compared with a flowrate set point. As a result, the air
supply is regulated via a valve.
[0005] Document WO 97/08177 discloses a system for
controlling the flow of liquid coating material in which a
flow regulator regulates the flow of liquid coating material
as an open or closed loop.
[0006] Users of powder coating who have to frequently
change the discharge amount of powder coating material
desire an apparatus for supplying powder coating mate-
rial to be developed which can supply powder coating
material to a coating gun with good response.

SUMMARY OF THE INVENTION

[0007] The present invention is made to solve the
above problem. An object of the invention is to provide
an apparatus and a method of supplying powder coating
material with good response of an actual supply rate to
a given supply rate.
[0008] An apparatus for supplying powder coating ma-
terial according to the present invention comprises: a
tank for containing powder coating material therein; an
injector connected to the tank and having a main nozzle;
a compressed air source for blowing suction air into the
main nozzle of the injector to suck powder coating ma-
terial from the tank; a powder flow rate measurement
device for measuring a flow rate of powder coating ma-
terial sucked by the injector and supplied from the tank;
given supply rate input means for inputting a given supply
rate of powder coating material; a suction air pressure
regulator for adjusting a pressure of suction air blown
into the main nozzle of the injector from the compressed
air source; storing means; and a control circuit for storing
in said storing means as learned data a value of suction
air pressure with respect to a given supply rate in the
past, for instantaneously operating, when a new given
supply rate is inputted from the given supply rate input
means, the suction air pressure regulator such that the
suction air pressure equals a value of learned data stored
in the storing means with respect to the new given supply
rate, for adjusting thereafter the suction air pressure reg-
ulator such that a flow rate of powder coating material
measured by the powder flow rate measurement device
equals the new given supply rate to PID-control the suc-
tion air pressure.
[0009] A method of supplying powder coating material
according to the present invention comprises the steps
of: inputting a given supply rate; sucking powder coating
material from a tank by blowing suction air into a main
nozzle of an injector connected to the tank; measuring a
flow rate of powder coating material; adjusting pressure
of suction air blown into the injector such that the meas-
ured flow rate of powder coating material equals the in-
putted given supply rate; storing as learned data a value
of suction air pressure with respect to a given supply rate
in the past; and instantaneously adjusting, when a new
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given supply rate is inputted, the suction air pressure
equals the value of learned data stored with respect to
the new given supply rate, and thereafter PID-controlling
the suction air pressure such that the measured flow rate
of powder coating material equals the new given supply
rate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010]

Fig. 1 is a block diagram of an apparatus for supply-
ing powder coating material according to Embodi-
ment 1 of the present invention;
Fig. 2 is a flow chart illustrating the operation of Em-
bodiment 1;
Fig. 3 is a graph illustrating response of actual supply
rate in Embodiment 1;
Fig. 4 is a timing chart illustrating the relationship
between given supply rate, suction air pressure and
actual supply rate in Embodiment 1;
Fig. 5 is a flow chart illustrating the operation of Em-
bodiment 2;
Fig. 6 is a graph illustrating the result of forming a
calibration curve in Embodiment 2;
Fig. 7 is a graph illustrating response of actual supply
rate in a conventional apparatus for supplying pow-
der coating material; and
Fig. 8 is a timing chart illustrating the relationship
between given supply rate, suction air pressure, and
actual supply rate in the conventional apparatus for
supplying powder coating material.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0011] Embodiments of the present invention are now
described referring to the accompanying drawings.

Embodiment 1:

[0012] Fig. 1 illustrates a structure of an apparatus for
supplying powder coating material according to Embod-
iment 1 of the present invention. A tank 1 for containing
powder coating material F is a so-called fluidized-bed
tank provided with a perforated plate 2. Fluidizing air is
blown in to hold the powder coating material F in a fluid-
ized state within the tank 1. One end of a carrier tube 3
is inserted in the tank 1, while the other end of the carrier
tube 3 is connected to an injector 4, which is connected
to a coating gun 5. A powder flow rate measurement de-
vice 6 is attached to the carrier tube 3 for measuring the
flow rate of the powder coating material F based on
change in capacitance in the carrier tube 3. The powder
flow rate measurement device 6 is connected to an am-
plifier circuit 7, which is in turn connected to a compen-
sation circuit 8. Note that the powder flow rate measure-
ment device 6 measures the flow rate of the powder coat-

ing material F based on the density in the carrier tube 3
measured as change in the capacitance and on a flow
rate Qf of air for measurement introduced in the carrier
tube 3. An output signal from the compensation circuit 8
is inputted to a controller 9, which supplies suction air
and diluting air to a main nozzle 4a and a sub-nozzle 4b,
respectively, of the injector 4.
[0013] The controller 9 is provided with a valve 10
which is connected to a compressed air source (not
shown) and which is opened and closed based on an
operation signal of the coating gun 5, and with a pressure
regulator 11 for suction air and a pressure regulator 12
for diluting air which are respectively connected through
a node A to the valve 10. The regulators 11 and 12 con-
stitute a suction air pressure adjusting means and a di-
luting air pressure adjusting means, respectively, in the
present invention, and are connected to the main nozzle
4a and the sub-nozzle 4b, respectively, of the injector 4.
Further, the controller 9 has a control circuit 13 which is
connected to the regulators 11 and 12 and to the com-
pensation circuit 8. The controller 9 also has a control
panel 14 and a memory 15 both of which are connected
to the control circuit 13. Note that the control panel 14
constitutes a given supply rate input means and a carrier
air flow rate input means in the present invention. The
memory 15 stores as learned data a value of suction air
pressure with respect to a given supply rate of the powder
coating material F in the past, and constitutes a storing
means in the present invention.
[0014] Next, basic operation of the apparatus for sup-
plying powder coating material is described. First, fluid-
izing air is blown into the tank 1 to hold the powder coating
material F in a fluidized state within the tank 1. When the
coating gun 5 is operated, the valve 10 in the controller
9 is opened based on the operation signal. Compressed
air from the compressed air source (not shown) passes
through the pinch valve 10, and then, branches at the
node A. Suction air is blown into the main nozzle 4a of
the injector 4 through the pressure regulator 11 for suc-
tion air, while diluting air is blown into the sub-nozzle 4b
of the injector 4 through the pressure regulator 12 for
diluting air. Suction air blown into the main nozzle 4a
sucks the powder coating material F from the tank 1 into
the carrier tube 3. Further, suction air and diluting air
supplies the powder coating material F into the coating
gun 5 to be ejected toward an object to be coated.
[0015] Here, the operation of the present embodiment
is described further in detail referring to a flow chart of
Fig. 2. First, at step S1, a given supply rate Qm of the
powder coating material F and a carrier air flow rate Qt
for carrying the powder coating material F to the coating
gun 5 are inputted via the control panel 13. At step S2,
the control circuit 13 determines whether learned data of
a suction air pressure Pfm with respect to the inputted
given supply rate Qm is stored in the memory 15 or not.
If the data is stored in the memory 15, at step S3, the
control circuit 13 reads the learned data of the suction
air pressure Pfm, and then, at step S4, instantaneously
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operates the pressure regulator 11 for suction air to be
adjusted to have the value of the read learned data.
[0016] After operation for a predetermined time period
with the suction air pressure Pfm being adjusted to the
value of the read learned data, at step S5, the system
moves to PID control with the given supply rate Qm being
the target value. More specifically, the pressure regulator
11 for suction air is adjusted by the control circuit 13 such
that the flow rate of the powder coating material F meas-
ured by the powder flow rate measurement device 6 is
the given supply rate Qm which is inputted at step S1.
[0017] Note that the powder flow rate measurement
device 6 measures the flow rate of the powder coating
material F based on the density in the carrier tube 3 meas-
ured as the change in the capacitance and on the flow
rate Qf of air for measurement introduced in the carrier
tube 3. An output signal from the powder flow rate meas-
urement device 6 is amplified by the amplifier circuit 7,
subjected to zero point compensation, for example, by
the compensation circuit 8, and then, inputted to the con-
trol circuit 13 of the controller 9 as a signal representing
a supply Qp of the powder coating material F. Here, the
zero point compensation reduces the influence of powder
attached to the inner wall of the carrier tube 3 while the
powder coating material is supplied to an extent where
there is practically no adverse effect. The zero point com-
pensation compensates measurement values during op-
eration with a measurement value after the apparatus for
supplying powder coating material is stopped (a meas-
urement value corresponding to the amount of powder
attached to the carrier tube 3) being as a reference value
of the compensation.
[0018] When the signal representing the supply Qp is
inputted from the compensation circuit 8 to the control
circuit 13, the control circuit 13 compares the supply Qp
represented by the signal with the given supply rate Qm
of the powder coating material F which is in advance
inputted via the control panel 14, and controls the pres-
sure Pfm of suction air blown into the main nozzle 4a of
the injector 4 by adjusting the pressure regulator 11 for
suction air according to the amount in excess of or less
than the given supply rate Qm. This makes the given
supply rate Qm of the powder coating material F always
supplied to the coating gun 5. At the same time, the con-
trol circuit 13 calculates the difference Qt-Qfm between
the carrier air flow rate Qt inputted via the control panel
14 and the flow rate Qfm of suction air, and adjusts the
pressure regulator 12 for diluting air such that a flow rate
Qfs of diluting air equals the difference.
[0019] In this way, since the system moves to PID con-
trol after the pressure regulator 11 for suction air is in-
stantaneously operated based on the learned data in the
past of the suction air pressure Pfm with respect to the
given supply rate Qm of the powder coating material F,
the actual supply rate can be made to be the given supply
rate Qm in a short time as shown in Fig. 3.
[0020] At step S6, the value of the suction air pressure
Pfm when the actual supply rate equals the given supply

rate Qm is stored in the memory 15 as learned data by
the control circuit 13.
[0021] Further, at step S7, whether there is a change
in the given supply rate Qm of the powder coating mate-
rial F or not is determined. When there is no change, the
flow returns to step 5 to continue the PID control. When
there is a change, a new given supply rate Qm is inputted
at step S8, and the flow returns to step S2 to determine
whether learned data of the suction air pressure Pfm with
respect to the new given supply rate Qm is stored in the
memory 15 or not.
[0022] It is to be noted that, at step S2, when the data
of the suction air pressure Pfm with respect to the newly
inputted given supply rate Qm is not stored in the memory
15, a decision is made that there is no learned data in
the past. Then, the flow goes to step S5 to carry out the
PID control with the given supply rate Qm being the target
value.
[0023] As described above, by combining instantane-
ous operation of the pressure regulator 11 for suction air
based on learned data in the past and PID control there-
after, the response of the actual supply rate to the given
supply rate Qm is quite good even when the given supply
rate Qm changes as shown in Fig. 4. Therefore, coating
having a stable film thickness distribution can be formed.
[0024] It is to be noted that, though the pressure reg-
ulators are used as the suction air pressure regulator and
the diluting air pressure regulator, respectively, the
present invention is not limited thereto. For example, con-
trol valves may be used.

Embodiment 2:

[0025] An apparatus for supplying powder coating ma-
terial according to Embodiment 2 has a similar structure
to that of the apparatus of Embodiment 1 shown in Fig.
1 except that, before the apparatus is operated, a cali-
bration curve is formed for supplying powder coating ma-
terial in advance by supplying an arbitrary supply of pow-
der coating material, and, based on values of actual sup-
ply rate and suction air pressure when the calibration
curve is formed, presumed data of suction air pressures
with respect to respective set supplies are prepared and
stored.
[0026] Operation of Embodiment 2 is now described
referring to a flow chart of Fig. 5. First, at step 11, a cal-
ibration curve is formed. Here, as shown in Fig. 6, an
arbitrary supply is specified to supply powder coating ma-
terial, and a value of a suction air pressure P1 with respect
to an actual supply rate Q1 is obtained. Similarly, values
of suction air pressures P2 and P3 with respect to actual
supplies Q2 and Q3, respectively, are obtained by form-
ing a calibration curve. Interpolation is made by sequen-
tially connecting an origin and measurement points M1
to M3 with straight lines. At step 12, the data is stored in
the memory 15 as presumed data. It is to be noted that,
with regard to a region where the supply is larger than
Q3, the straight line connecting the measurement points
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M2 and M3 is extended to be used as the presumed data.
[0027] Subsequent Steps 1 to 3 are similar to those in
Embodiment 1. More specifically, at step S1, a given sup-
ply rate Qm of the powder coating material F and a carrier
air flow rate Qt are inputted. At step S2, the control circuit
13 determines whether learned data of a suction air pres-
sure Pfm with respect to the inputted given supply rate
Qm is stored in the memory 15 or not. If the data is stored
in the memory 15, at step S3, the learned data of the
suction air pressure Pfm is read.
[0028] If the learned data of the suction air pressure
Pfm with respect to the inputted given supply rate Qm is
not stored in the memory 15 in step S2, the flow goes to
step S13 to read from the memory 15 the presumed data
of the suction air pressure Pfm corresponding to the in-
putted given supply rate Qm.
[0029] Steps S4 to S8 thereafter are similar to those
in Embodiment 1. More specifically, at step S4, the pres-
sure regulator 11 for suction air is instantaneously oper-
ated to be adjusted to have the value of the above-de-
scribed learned data read at step 3 or the value of the
presumed data read at step 13. After operation for a pre-
determined time period in this state, at step S5, the sys-
tem moves to PID control with the given supply rate Qm
being the target value. At step S6, the value of the suction
air pressure Pfm when the actual supply rate equals the
given supply rate Qm is stored in the memory 15 as
learned data. Further, at step S7, whether there is a
change in the given supply rate Qm of the powder coating
material F or not is determined. When there is no change,
the flow returns to step 5 to continue the PID control.
When there is a change, a new given supply rate Qm is
inputted at step S8, and the flow returns to step S2.
[0030] As described above, in Embodiment 2, since
the presumed data of the suction air pressures with re-
spect to the respective set supplies are prepared and
stored by forming the calibration curve at arbitrary sup-
plies, when there is no learned data with respect to a
newly inputted given supply rate, by instantaneously ad-
justing the suction air pressure to have the value of the
presumed data stored with respect to the given supply
rate, the response of the actual supply rate when the
apparatus is started and when the given supply rate is
changed is good.
[0031] It is to be noted that, though, in Fig. 6, the cal-
ibration curve is formed using the three measurement
points, a calibration curve may be formed using at least
one measurement point. When only one measurement
point is used, presumed data can be prepared by con-
necting the measurement point and the origin with a
straight line.
[0032] Further, the presumed data may be stored in
the form of a linear equation, or may be stored in the form
of a data map of suction air pressures with respect to
respective set supplies.
[0033] Still further, though, in Fig. 6, the origin and the
three measurement points are sequentially connected
with different straight lines, the present invention is not

limited thereto. It is also possible to find from an origin
and a plurality of measurement points one approximate
straight line or curve which is nearest to the origin and
the measurement points and to use it as the presumed
data.
[0034] As described above, according to the present
invention, since values of the suction air pressure with
respect to the set supplies in the past are stored as
learned data, the suction air pressure is, when a new
given supply rate is inputted, instantaneously adjusted
to have a value in the learned data stored with respect
to the given supply rate, and after that, the suction air
pressure is PID-controlled such that the flow rate of pow-
der coating material measured by the powder flow rate
measurement device is the new given supply rate, the
response of the actual supply rate when the apparatus
is started and when the given supply rate is changed is
good, and thus, powder coating can be carried out in a
short time with good controllability.

Claims

1. An apparatus for supplying powder coating material
comprising:

a tank (1) for containing powder coating-material
therein;
an injector (4) connected to said tank (1) and
having a main nozzle (4a);
a compressed air source for blowing suction air
into said main nozzle (4a) of said injector to suck
powder coating material from said tank (1);
a powder flow rate measurement device (6) for
measuring a flow rate of powder coating material
sucked by said injector (4) and supplied from
said tank (1);
given supply rate input means (14) for inputting
a given supply rate (Qm) of powder coating ma-
terial;
a suction air pressure adjusting means (11) for
adjusting a pressure of suction air blown into the
main nozzle of said injector (4) from said com-
pressed air source; storing means (15) ; char-
acterized by
a control circuit (13) having
means for storing in said storing means (15) as
learned data a value of suction air pressure with
respect to a given supply rate in the past,
means for instantaneously operating, when a
new given supply rate is inputted from said given
supply rate input means (14), said suction air
pressure adjusting means (11) such that the
suction air pressure equals a value of learned
data stored in said storing means (15) with re-
spect to the new given supply rate, and
means for adjusting after operating the means
for instantaneously operating said suction air
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pressure adjusting means (11) such that a flow
rate of powder coating material measured by
said powder flow rate measurement device (6)
equals the new given supply rate to PID-control
the suction air pressure.

2. An apparatus for supplying powder coating material
according to claim 1 wherein:

said injector has a sub-nozzle (4b) into which
diluting air is blown;
said apparatus further comprising a diluting air
pressure adjusting means (12) for adjusting
pressure of diluting air blown from said com-
pressed air source into the sub-nozzle (4b) of
said injector, and carrier air flow rate input
means (14) for inputting a carrier air flow rate
set value;
said control circuit (13) PID-controlling diluting
air pressure by adjusting said suction air pres-
sure adjusting means (11) and said diluting air
pressure adjusting means (12) such that the
sum of a flow rate of suction air blown into the
main nozzle (4a) of said injector and a flow rate
of diluting air blown into the sub-nozzle (4b) of
said injector equals the carrier air flow rate set
value inputted from said carrier air flow rate input
means (14).

3. An apparatus for supplying powder coating material
according to claim 1 wherein said control circuit (13)
prepares and stores in said storing means (15) pre-
sumed data of suction air pressures with respect to
respective given supply rate based an values of ac-
tual supply rate and suction air pressure an a cali-
bration curve formed in advance by supplying an ar-
bitrary supply of powder coating material, instanta-
neously operates, when learned data with respect
to a new given supply rate inputted from said given
supply rate input means (14) is not stored in said
storing means (15), said suction air pressure adjust-
ing means (11) such that the suction air pressure
equals a value of the presumed data stored in said
storing means (15) with respect to the given supply
rate, and thereafter PID-controls the suction air pres-
sure.

4. An apparatus for supplying powder coating material
according to claim 1 wherein said tank (1) is a fluid-
ized-bed tank.

5. An apparatus for supplying powder coating material
according to claim 1 wherein said suction air pres-
sure adjusting means (11) is a pressure regulator.

6. An apparatus for supplying powder coating material
according to Claim 2 wherein said diluting air pres-
sure adjusting means (12) is a pressure regulator.

7. A method of supplying powder coating material com-
prising the steps of:

inputting (S1) a given supply rate (Qm);
sucking powder coating material from a tank (1)
by blowing suction air into a main nozzle (4a) of
an injector connected to the tank (1);
measuring a flow rate of powder coating mate-
rial;
adjusting (S4) pressure of suction air blown into
the injector (4) such that the measured flow rate
of powder coating material equals the inputted
given supply rate;
storing as learned data a value of suction air
pressure with respect to a given supply rate in
the past; and instantaneously adjusting, when a
new given supply rate is inputted, the suction air
pressure so that it is equal to the value of learned
data stored with respect to the new given supply
rate, and thereafter PID-controlling (S5) the suc-
tion air pressure such that the measured flow
rate of powder coating material equals the new
given supply rate.

8. A method of supplying powder coating material ac-
cording to claim 7 further comprising the steps of:

blowing diluting air into a sub-nozzle (4b) of the
injector (4) ;
inputting a carrier air flow rate set value; and
PID-controlling diluting air pressure such that
the sum of a flow rate of suction air blown into
the main nozzle of the injector and a flow rate
of diluting air blown into the sub-nozzle of the
injector equals the inputted carrier air flow rate
set value.

9. A method of supplying powder coating material ac-
cording to claim 7 further comprising the steps of:

forming (S11) in advance a calibration curve at
an arbitrary supply;
preparing and storing (S12) presumed data of
suction air pressures with respect to respective
set supplies based an values of actual supply
rate and suction air pressure an the calibration
curve; and
instantaneously adjusting (S4), when learned
data with respect to a newly inputted given sup-
ply rate is not stored, the suction air pressure
equals the value of presumed data stored with
respect to the newly given supply rate.

Patentansprüche

1. Eine Vorrichtung zum Zuführen von Pulverbeschich-
tungsmaterial, die aufweist:
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einen Tank (1) zur Aufnahme von Pulverbe-
schichtungsmaterial in diesem,
eine Einbringeinrichtung (4), die mit dem Tank
(1) verbunden ist und die eine Hauptdüse (4a)
aufweist,
eine Quelle für komprimierte Luft zum Blasen
von Saugluft in die Hauptdüse (4a) der Einbrin-
geinrichtung, um Pulverbeschichtungsmaterial
vom Tank (1) zu saugen,
eine Pulverströmungsrate-Messvorrichtung (6)
zum Messen einer Strömungsrate des Pulver-
beschichtungsmaterials, das durch die Einbrin-
geinrichtung (4) angesaugt wurde und vom
Tank (1) zugeführt wurde,
eine Eingabeeinrichtung (14) für die gegebene
Zuführrate zum Eingeben einer gegebenen Zu-
führrate (Qm) des Pulverbeschichtungsmateri-
als,
eine Saugluftdruck-Einstelleinrichtung (11) zum
Einstellen eines Drucks der Saugluft, die in die
Hauptdüse der Einbringeinrichtung (4) von der
Quelle der komprimierten Luft geblasen wird,
eine Speichereinrichtung (15), gekennzeich-
net durch
eine Steuerschaltung (13) mit
einer Einrichtung zum Speichern von einem
Wert des Saugluftdrucks bezüglich einer gege-
benen Zuführrate in der Vergangenheit als ge-
lernte Daten in der Speichereinrichtung (15),
eine Einrichtung zum unverzüglichen Betreiben,
wenn eine neue gegebene Zuführrate von der
Eingabeeinrichtung (14) für die gegebene Zu-
führrate eingegeben wird, der Saugluftdruck-
Einstelleinrichtung (11), so dass der Saugluft-
druck gleich einem Wert der gelernten Daten ist,
der in der Speichereinrichtung (15) bezüglich
der neuen gegebenen Zuführrate gespeichert
wurde, und
eine Einrichtung zum Einstellen nach dem Be-
treiben der Einrichtung zum unverzüglichen Be-
treiben der Saugluftdruck-Einstelleinrichtung
(11), so dass eine Strömungsrate des Pulver-
beschichtungsmaterials, die durch die Pulver-
strömungsrate-Messvorrichtung (6) gemessen
wurde, gleich der neuen gegebenen Zuführrate
ist, um eine PID-Steuerung des Saugluftdrucks
auszuführen.

2. Eine Vorrichtung zum Zuführen von Pulverbeschich-
tungsmaterial nach Anspruch 1, wobei
die Einbringeinrichtung eine Nebendüse (4b) hat, in
die Verdünnungsluft geblasen wird,
wobei die Vorrichtung ferner eine Verdünnungsluft-
druck-Einstelleinrichtung (12) zum Einstellen des
Drucks der Verdünnungsluft, die von der Quelle für
komprimierte Luft in die Nebendüse (4b) der Einbrin-
geinrichtung geblasen wird, und eine Trägerluft-
Strömungsrate-Eingabeeinrichtung (14) zum Einge-

ben eines Trägerluft-Strömungsrate-Sollwertes auf-
weist,
wobei die Steuerschaltung (13) eine PID-Steuerung
des Verdünnungs-Luftdrucks ausführt, indem die
Sauglauftdruck-Einstelleinrichtung (11) und die Ver-
dünnungsluftdruck-Einstelleinrichtung (12) einge-
stellt werden, so dass die Summe einer Strömungs-
rate der Saugluft, die in die Hauptdüse (4a) der Ein-
bringeinrichtung geblasen wird, und einer Strö-
mungsrate der Verdünnungsluft, die in die Neben-
düse (4b) der Einbringeinrichtung geblasen wird,
gleich dem Trägerluft-Strömungsrate-Sollwert ist,
der von der Trägerluft-Strömungsrate-Eingabeein-
richtung (14) eingegeben wurde.

3. Eine Vorrichtung zum Zuführen von Pulverbeschich-
tungsmaterial nach Anspruch 1, wobei die Steuer-
schaltung (13) in der Steuereinrichtung (15) ange-
nommene Daten der Saugluftdrücke bezüglich der
jeweiligen gegebenen Zuführrate auf der Grundlage
der Werte der Ist-Zuführrate und des Saugluftdrucks
auf einer Kalibrierkurve, die zuvor durch das Zufüh-
ren einer beliebigen Zuführung von Pulverbeschich-
tungsmaterial ausgebildet wurde, vorbereitet und
speichert, die Saugluftdruck-Einstelleinrichtung
(11), wenn der gelernte Wert bezüglich einer neuen
gegebenen Zuführrate, die von der Eingabeeinrich-
tung (14) für die gegebene Zuführrate eingegeben
wurde, nicht in der Speichereinrichtung (15) gespei-
chert ist, unverzüglich betreibt, so dass der Saug-
luftdruck gleich einem Wert der angenommenen Da-
ten ist, der in der Speichereinrichtung (15) bezüglich
der gegebenen Zuführrate gespeichert ist, und an-
schließend eine PID-Steuerung des Saugluftdrucks
ausführt.

4. Eine Vorrichtung zum Zuführen von Pulverbeschich-
tungsmaterial nach Anspruch 1, wobei der Tank (1)
ein Wirbelbett-Tank ist.

5. Eine Vorrichtung zum Zuführen von Pulverbeschich-
tungsmaterial nach Anspruch 1, wobei die Saugluft-
druck-Einstelleinrichtung (11) ein Druckregulator ist.

6. Eine Vorrichtung zum Zuführen von Pulverbeschich-
tungsmaterial nach Anspruch 2, wobei die Verdün-
nungsluftdruck-Einstelleinrichtung (12) ein Druckre-
gulator ist.

7. Ein Verfahren zum Zuführen von Pulverbeschich-
tungsmaterial, das die Schritte aufweist:

Eingeben (S1) einer gegebenen Zuführrate
(Qm),
Saugen von Pulverbeschichtungsmaterial von
einem Tank (1) durch das Blasen von Saugluft
in eine Hauptdüse (4a) einer Einbringeinrich-
tung, die mit dem Tank (1) verbunden ist,
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Messen einer Strömungsrate des Pulverbe-
schichtungsmaterials,
Einstellen (S4) des Drucks der Saugluft, die in
die Einbringeinrichtung (4) geblasen wurde, in
einer solchen Weise, dass die gemessene Strö-
mungsrate des Pulverbeschichtungsmaterials
gleich der eingegebenen gegebenen Zuführrate
ist,
Speichern von einem Wert des Saugluftdrucks
bezüglich einer gegebenen Zuführrate in der
Vergangenheit als gelernten Wert und
unverzügliches Einstellen, wenn eine neue ge-
gebene Zuführrate eingegeben wird, des Saug-
luftdrucks, so dass dieser gleich dem Wert der
gelernten Daten ist, der bezüglich der neuen ge-
gebenen Zuführrate gespeichert wurde, und an-
schließend
PID-Steuern (S5) des Saugluftdrucks, so dass
die gemessene Strömungsrate des Pulverbe-
schichtungsmaterials gleich der neuen gegebe-
nen Zuführrate ist.

8. Ein Verfahren zum Zuführen von Pulverbeschich-
tungsmaterial nach Anspruch 7, das ferner die
Schritte aufweist:

Blasen von Verdünnungsluft in eine Nebendüse
(4b) der Einbringeinrichtung (4),
Eingeben eines Trägerluft-Strömungsrate-Soll-
wertes, und PID-Steuern des Verdünnungsluft-
drucks, so dass die Summe einer Strömungs-
rate der Saugluft, die in die Hauptdüse der Ein-
bringeinrichtung geblasen wurde, und einer
Strömungsrate der Verdünnungsluft, die in die
Nebendüse der Einbringeinrichtung geblasen
wurde, gleich dem eingegebenen Trägerluft-
Strömungsrate-Sollwert ist.

9. Ein Verfahren zum Zuführen von Pulverbeschich-
tungsmaterial nach Anspruch 7, das ferner die
Schritte aufweist:

vorheriges Ausbilden (S11) einer Kalibrierkurve
bei einer beliebigen Zuführung,
Vorbereiten und Speichern (S12) der angenom-
menen Daten der Saugluftdrücke bezüglich den
jeweiligen Soll-Zuführungen auf der Grundlage
von Werten der Ist-Zuführrate und des Saugluft-
drucks auf der Kalibrierkurve, und
unverzügliches Einstellen (S4), wenn die ge-
lernten Daten bezüglich der neu eingegebenen
gegebenen Zuführrate nicht gespeichert sind,
so dass der Saugluftdruck gleich dem Wert der
angenommenen Daten, die bezüglich der neu
gegebenen Zuführrate gespeichert sind, ist.

Revendications

1. Appareil pour appliquer un matériau de revêtement
en poudre comprenant :

une cuve (1) destinée à contenir le matériau de
revêtement en poudre ;
un injecteur (4) relié à ladite cuve (1) et compor-
tant une buse principale (4a) ;
une source d’air comprimé pour souffler de l’air
d’aspiration dans ladite buse principale (4a) du-
dit injecteur pour aspirer du matériau de revête-
ment en poudre de ladite cuve (1);
un dispositif de mesure (6) du débit d’écoule-
ment de la poudre pour mesurer un débit d’écou-
lement du matériau de revêtement en poudre
aspiré par ledit injecteur (4) et amené de ladite
cuve (1) ;
un moyen d’entrée de taux d’amenée donné (14)
pour entrer un taux d’amenée donné (Qm) de
matériau de revêtement en poudre ;
un moyen de réglage (11) de la pression d’air
d’aspiration pour régler la pression de l’air d’as-
piration soufflé dans la buse principale dudit in-
jecteur (4) depuis ladite source d’air comprimé ;
un moyen de stockage (15); caractérisé par
un circuit de commande (13) comportant un
moyen pour stocker dans ledit moyen de stoc-
kage (15), comme donnée apprise , une valeur
de la pression d’air d’aspiration par rapport à un
taux d’amenée donné dans le passé,
un moyen pour faire fonctionner instantané-
ment, lorsqu’un nouveau taux d’amenée donné
est entré par ledit moyen d’entrée (14) du taux
d’amenée donné, ledit moyen de réglage de
pression d’air d’aspiration (11) de telle sorte que
la pression d’air d’aspiration soit égale à une
valeur de la donnée apprise stockée dans ledit
moyen de stockage (15) par rapport au nouveau
taux d’amenée donné, et
un moyen pour régler, après le fonctionnement
du moyen pour faire fonctionner instantanément
ledit moyen de réglage de pression d’air d’aspi-
ration (11) de telle sorte qu’un débit d’écoule-
ment de matériau de revêtement en poudre me-
suré par ledit dispositif de mesure (6) du débit
d’écoulement en poudre est égal au nouveau
taux d’amenée donné pour réguler par action
PID la pression d’air d’aspiration.

2. Appareil pour appliquer un matériau de revêtement
en poudre selon la revendication 1, dans lequel :

ledit injecteur comporte une sous-buse (4b)
dans laquelle de l’air de dilution est soufflé ;
ledit appareil comprenant en outre un moyen de
réglage (12) de la pression d’air dilué pour régler
la pression de l’air dilué soufflé de ladite source
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d’air comprimé dans la sous-buse (4b) dudit in-
jecteur, et un moyen d’entrée (14) du débit
d’écoulement d’air porteur pour entrer une va-
leur réglée du débit d’écoulement d’air porteur ;
ledit circuit de commande (13) régulant par ac-
tion PID la pression d’air de dilution en réglant
ledit moyen de réglage (11) de la pression d’air
d’aspiration et ledit moyen de réglage (12) de la
pression d’air de dilution de telle sorte que la
somme d’un débit d’écoulement d’air d’aspira-
tion soufflé dans la buse principale (4a) dudit
injecteur et un débit d’écoulement d’air de dilu-
tion soufflé dans la sous-buse (4b) dudit injec-
teur est égale à la valeur réglée du débit d’écou-
lement d’air porteur entrée par ledit moyen d’en-
trée (14) du débit d’écoulement d’air porteur.

3. Appareil pour appliquer un matériau de revêtement
en poudre selon la revendication 1, où ledit circuit
de commande (13) prépare et stocke dans ledit
moyen de stockage (15) des données présumées
de pressions d’air d’aspiration par rapport au taux
d’amenée respectivement donné sur la base de va-
leurs du taux d’amenée et de la pression d’air d’as-
piration actuelle et une courbe d’étalonnage formée
en avance en fournissant une amenée arbitraire de
matériaux de revêtement en poudre, fonctionne ins-
tantanément lorsque la donnée apprise par rapport
à un nouveau taux d’amenée donné entré par ledit
moyen d’entrée (14) du taux d’amenée donné n’est
pas stocké dans ledit moyen de stockage (15), ledit
moyen de réglage (11) de la pression d’air d’aspira-
tion de telle sorte que la pression d’air d’aspiration
est égale à une valeur des données présumées stoc-
kées dans ledit moyen de stockage (15) par rapport
au taux d’amenée donné, et régule ensuite par action
PID la pression d’air d’aspiration.

4. Appareil pour appliquer un matériau de revêtement
en poudre selon la revendication 1, où ladite cuve
(1) est une cuve à lit fluidisé.

5. Appareil pour appliquer un matériau de revêtement
en poudre selon la revendication 1, où ledit moyen
de réglage (11) de la pression d’air d’aspiration est
un régulateur de pression.

6. Appareil pour appliquer un matériau de revêtement
en poudre selon la revendication 2, où ledit moyen
de réglage (12) de la pression d’air de dilution est
un régulateur de pression.

7. Procédé pour appliquer un matériau de revêtement
en poudre comprenant les étapes consistant à :

entrer (S1) un taux d’amenée donné (Qm) ;
aspirer du matériau de revêtement en poudre
d’une cuve (1) en soufflant de l’air d’aspiration

dans une buse principale (4a) d’un injecteur relié
à la cuve (1) ;
mesurer un débit d’écoulement du matériau de
revêtement en poudre ;
régler (S4) la pression de l’air d’aspiration souf-
flée dans l’injecteur (4) de telle sorte que le débit
d’écoulement mesuré du matériau de revête-
ment en poudre est égal au débit d’amenée don-
né entré ;
stocker, comme valeur apprise, une valeur de
la pression d’air d’aspiration par rapport à un
taux d’amenée donné dans le passé ; et
régler instantanément, lorsqu’un nouveau taux
d’amenée donné est entré, la pression d’air d’as-
piration de façon qu’elle soit égale à la valeur
de la donnée apprise stockée par rapport au
nouveau taux d’amenée donné, et ensuite
réguler par action PID (S5) la pression d’air d’as-
piration de telle sorte que le débit d’écoulement
mesuré du matériau de revêtement en poudre
est égal au nouveau taux d’amenée donné.

8. Procédé pour appliquer un matériau de revêtement
en poudre selon la revendication 7, comprenant en
outre les étapes consistant à :

souffler de l’air de dilution dans une sous-buse
(4b) de l’injecteur (4) ;
entrer une valeur réglée du débit d’écoulement
d’air porteur ; et
réguler par action PID la pression d’air de dilu-
tion de telle sorte que la somme d’un débit
d’écoulement d’air d’aspiration soufflé dans la
buse principale de l’injecteur et d’un débit
d’écoulement d’air de dilution soufflé dans la
sous-buse de l’injecteur soit égale à la valeur
réglée du débit d’écoulement d’air porteur entré.

9. Procédé pour appliquer un matériau de revêtement
en poudre selon la revendication 7, comprenant en
outre les étapes consistant à :

former (S11) à l’avance une courbe d’étalonna-
ge à une amenée arbitraire ;
préparer et stocker (S12) des données présu-
mées de pressions d’air d’aspiration par rapport
à des amenées réglées respectives sur la base
de valeurs du taux d’amenée et de la pression
d’air d’aspiration actuels et la courbe
d’étalonnage ; et
régler instantanément (S4), lorsque la donnée
apprise par rapport à un taux d’amenée donné
nouvellement entré n’est pas stockée, la pres-
sion d’air d’aspiration pour quelle soit égale à la
valeur de la donnée présumée stockée par rap-
port au taux d’amenée nouvellement donné.
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