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(54) Apparatus and method of controlling and supplying powder coating material

(57) Method for supplying powder coating material,
when a given supply rate Qm of powder coating material
F and a carrier air flow rate Qt are inputted, whether
learned data of a suction air pressure Pfm with respect
to the inputted given supply rate Qm is stored in a mem-
ory or not is determined. If the data is stored, the learned
data of the suction air pressure Pfm is read, and a pres-
sure regulator for suction air is instantaneously operated
to be adjusted to have the value of the read learned data.
After that, the apparatus moves to PID control with the
given supply rate Qm being the target value. The value
of the suction air pressure Pfm when the actual supply
rate equals the given supply rate Qm is stored in the
memory as learned data.
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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 pow-
der coating material to a coating gun. In a conventional
apparatus 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
given supply rate of powder coating material by PID con-
trol 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 sup-
ply rate of powder coating material overshoots and os-
cillates as shown in Fig. 7 by a curve C1. On the other
hand, when the proportional band is set to be wide, the
response 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 ac-
tual supply rate in response to change in the given sup-
ply rate.
[0004] Users of powder coating who have to frequent-
ly change the discharge amount of powder coating ma-

terial desire an apparatus for supplying powder coating
material to be developed which can supply powder coat-
ing material to a coating gun with good response.

SUMMARY OF THE INVENTION

[0005] 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.
[0006] An apparatus for supplying powder coating
material according to the present invention comprises:
a tank for containing powder coating material therein;
an injector connected to the tank and having a main noz-
zle; a compressed air source for blowing suction air into
the main nozzle of the injector to suck powder coating
material 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 sup-
ply rate of powder coating material; a suction air pres-
sure regulator for adjusting a pressure of suction air
blown into the main nozzle of the injector from the com-
pressed 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 regulator such that a flow rate of powder coat-
ing material measured by the powder flow rate meas-
urement device equals the new given supply rate to PID-
control the suction air pressure.
[0007] 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 pres-
sure of suction air blown into the injector 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 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 meas-
ured flow rate of powder coating material equals the new
given supply rate.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0008]

Fig. 1 is a block diagram of an apparatus for sup-
plying powder coating material according to Em-
bodiment 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 sup-
ply 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 sup-
ply rate in a conventional apparatus for supplying
powder 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 appara-
tus for supplying powder coating material.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0009] Embodiments of the present invention are now
described referring to the accompanying drawings.

Embodiment 1:

[0010] 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 flu-
idized 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 con-
nected to a coating gun 5. A powder flow rate measure-
ment device 6 is attached to the carrier tube 3 for meas-
uring 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 connect-
ed to an amplifier circuit 7, which is in turn connected to
a compensation circuit 8. 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 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 compen-
sation circuit 8 is inputted to a controller 9, which sup-
plies suction air and diluting air to a main nozzle 4a and
a sub-nozzle 4b, respectively, of the injector 4.

[0011] 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 pres-
sure 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 constitute a suction air pressure adjusting means and
a diluting 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 in-
jector 4. Further, the controller 9 has a control circuit 13
which is connected to the regulators 11 and 12 and to
the compensation 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 val-
ue 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.
[0012] 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 coat-
ing material F in a fluidized state within the tank 1. When
the coating gun 5 is operated, the valve 10 in the con-
troller 9 is opened based on the operation signal. Com-
pressed 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
suction 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.
[0013] 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
operates the pressure regulator 11 for suction air to be
adjusted to have the value of the read learned data.
[0014] 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 be-
ing the target value. More specifically, the pressure reg-
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ulator 11 for suction air is adjusted by the control circuit
13 such that the flow rate of the powder coating material
F measured by the powder flow rate measurement de-
vice 6 is the given supply rate Qm which is inputted at
step S1.
[0015] 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
measured as the change in the capacitance and on the
flow rate Qf of air for measurement introduced in the car-
rier tube 3. An output signal from the powder flow rate
measurement device 6 is amplified by the amplifier cir-
cuit 7, subjected to zero point compensation, for exam-
ple, by the compensation circuit 8, and then, inputted to
the control circuit 13 of the controller 9 as a signal rep-
resenting a supply Qp of the powder coating material F.
Here, the zero point compensation reduces the influ-
ence 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 compensation compensates measure-
ment values during operation with a measurement value
after the apparatus for supplying powder coating mate-
rial is stopped (a measurement value corresponding to
the amount of powder attached to the carrier tube 3) be-
ing as a reference value of the compensation.
[0016] 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.
[0017] In this way, since the system moves to PID
control after the pressure regulator 11 for suction air is
instantaneously 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.
[0018] 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.
[0019] Further, at step S7, whether there is a change
in the given supply rate Qm of the powder coating ma-
terial 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 pres-
sure Pfm with respect to the new given supply rate Qm
is stored in the memory 15 or not.
[0020] 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 mem-
ory 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.
[0021] 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
thereafter, 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.
[0022] 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,
control valves may be used.

Embodiment 2:

[0023] An apparatus for supplying powder coating
material according to Embodiment 2 has a similar struc-
ture to that of the apparatus of Embodiment 1 shown in
Fig. 1 except that, before the apparatus is operated, a
calibration curve is formed for supplying powder coating
material in advance by supplying an arbitrary supply of
powder coating material, and, based on values of actual
supply 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.
[0024] 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
material, and a value of a suction air pressure P1 with
respect to an actual supply rate Q1 is obtained. Similar-
ly, values of suction air pressures P2 and P3 with re-
spect to actual supplies Q2 and Q3, respectively, are
obtained by forming a calibration curve. Interpolation is
made by sequentially connecting an origin and meas-
urement 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 M2 and M3 is extended to be used
as the presumed data.
[0025] Subsequent Steps 1 to 3 are similar to those
in Embodiment 1. More specifically, at step S1, a given
supply rate Qm of the powder coating material F and a
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carrier air flow rate Qt are inputted. At step S2, the con-
trol circuit 13 determines whether learned data of a suc-
tion 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 learned
data of the suction air pressure Pfm is read.
[0026] 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 inputted given supply rate Qm.
[0027] 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 op-
erated to be adjusted to have the value of the above-
described 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 suc-
tion 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 coat-
ing 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.
[0028] 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.
[0029] 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.
[0030] 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.
[0031] 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.
[0032] 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 for containing powder coating material
therein;
an injector connected to said tank and having
a main nozzle;
a compressed air source for blowing suction air
into said main nozzle of said injector to suck
powder coating material from said tank;
a powder flow rate measurement device for
measuring a flow rate of powder coating mate-
rial sucked by said injector and supplied from
said tank;
given supply rate input means for inputting a
given supply rate of powder coating material;
a suction air pressure adjusting means for ad-
justing a pressure of suction air blown into the
main nozzle of said injector from said com-
pressed 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 giv-
en supply rate is inputted from said given sup-
ply rate input means, said suction air pressure
adjusting means such that the suction air pres-
sure equals a value of learned data stored in
said storing means with respect to the new giv-
en supply rate, for adjusting thereafter said suc-
tion air pressure adjusting means such that a
flow rate of powder coating material measured
by said powder flow rate measurement device
equals the new given supply rate to PID-control
the suction air pressure.

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

said injector has a sub-nozzle into which dilut-
ing air is blown;
said apparatus further comprising a diluting air
pressure adjusting means for adjusting pres-
sure of diluting air blown from said compressed
air source into the sub-nozzle of said injector,
and carrier air flow rate input means for input-
ting a carrier air flow rate set value;
said control circuit PID-controlling diluting air
pressure by adjusting said suction air pressure
adjusting means and said diluting air pressure
adjusting means such that the sum of a flow
rate of suction air blown into the main nozzle of
said injector and a flow rate of diluting air blown
into the sub-nozzle of said injector equals the
carrier air flow rate set value inputted from said
carrier air flow rate input means.

3. An apparatus for supplying powder coating material
according to claim 1 wherein said control circuit pre-
pares and stores in said storing means presumed
data of suction air pressures with respect to respec-
tive given supply rate based on values of actual sup-
ply rate and suction air pressure on a calibration
curve formed in advance by supplying an arbitrary
supply of powder coating material, instantaneously
operates, when learned data with respect to a new
given supply rate inputted from said given supply
rate input means is not stored in said storing means,
said suction air pressure adjusting means such that
the suction air pressure equals a value of the pre-
sumed data stored in said storing means with re-
spect to the given supply rate, and thereafter PID-
controls the suction air pressure.

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

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

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

7. A method of supplying powder coating material
comprising 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 in-
jector connected to the tank;
measuring a flow rate of powder coating mate-
rial;

adjusting pressure of suction air blown into the
injector 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
equals the value of learned data stored with re-
spect to the new given supply rate, and there-
after PID-controlling the suction 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 of the in-
jector;
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 in advance a calibration curve at an ar-
bitrary supply;
preparing and storing presumed data of suction
air pressures with respect to respective set sup-
plies based on values of actual supply rate and
suction air pressure on the calibration curve;
and
instantaneously adjusting, when learned data
with respect to a newly inputted given supply
rate is not stored, the suction air pressure
equals the value of presumed data stored with
respect to the newly given supply rate.
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