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Description

[0001] This invention relates to an improved method
and apparatus for powder coating three dimensional ar-
ticles having surface irregularities which vary in angle,
curvature, and/or surface area.

[0002] SU-A-1087191 discloses an automatic paint
spraying unit. It comprises a paint feed line and an air
feed line, each having pressure regulators therein. In
addition, it includes workpiece sensors, workpiece sur-
face sensors and a control system.

[0003] One common method and apparatus for coat-
ing three dimensional articles involves spray coating
powder particles onto the external surface of the articles
as they are conveyed by a conveyor pasta spray gun.
Typically, a sensor detects when an article carried by
the conveyor moves into the spray pattern of the gun
and signals the apparatus to spray a preset uniform
quantity of powder particles to coat the article. Thus, to
coat a plurality of articles, the apparatus intermittently
sprays a preset, uniform quantity of coating material on-
to each article as the articles pass the gun.

[0004] This manner of coating three dimensional arti-
cles is generally acceptable if all of the articles have a
flat coating surface, or a surface which is parallel to the
conveyor and perpendicular to the orientation of the
gun.

[0005] However, with three dimensional articles which
have surface irregularities such as cut-out regions, an-
gled or curved surfaces, protrusions, indentations, or
bent edges, etc., these surface irregularities make it dif-
ficult to uniformly coat the entire external surface of the
article. One reason for this difficulty relates to the angu-
lar orientation of the surface irregularities with respect
to the direction of the gun. The more the surface varies
from an orientation perpendicular to the spray direction,
the more difficult it becomes to adequately coat the sur-
face. For curved or angled surfaces difficulty in coating
occurs in part because an angled or curved surface has
a greater density of surface area than a flat surface. This
means that as the conveyor moves the three dimension-
al articles past the spray gun, the surface area per unit
time which passes the gun is greater for angled or
curved surfaces than for flat surfaces. Additionally,
some surface irregularities are actually cut-out regions,
which require no coating at all. Continued operation of
a spray gun as a cut-out region passes by represents a
waste of coating material.

[0006] Thus, as the topography of the three dimen-
sional article varies, it becomes more difficult to uniform-
ly coat the entire surface area, particularly for conveyors
commonly used in the industry which convey such arti-
cles past the spray gun at a relatively constant speed.

[0007] One way to assure that the entire surface is
coated is to operate the spray gun at a sufficiently high
pressure to discharge a quantity of coating material
which is greater than that which is actually necessary to
coat the surface, with the pressure being determined by
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the portion of the surface which is most difficult to coat.
This assures some coating on the most steeply angled
or curved surfaces. However, a coating applied in this
manner is generally not uniform due to the surface ir-
regularities. This manner of coating also results in a tre-
mendous amount of wasted energy and coating mate-
rial.

[0008] It is an objective of this invention to improve
uniformity in coating three dimensional articles with sur-
face irregularities.

[0009] It is another objective of this invention to ade-
quately coat the irregular surface areas of a three di-
mensional article while minimizing the amount of wasted
coating material.

[0010] The above-stated objectives are achieved by
a method and apparatus which control the discharge
rate of coating material according to the irregularity and/
or area of the surface of a three dimensional article as
it is conveyed past a spray gun.

[0011] The invention is therefore directed at appara-
tus for applying coating material to an article comprising
means for conveying a three-dimensional article along
a conveying path, the article having an external surface
with a plurality of surface portions of different topogra-
phy and/or surface area, wherein at least one of said
portions is not parallel to the conveying path, a first gun
aimed along a first discharge path which intersects the
conveying path, and a controller. According to the inven-
tion, the apparatus is for powder coating and further
comprises means for flowing powder particles to the gun
in a pressurized condition and for discharging the parti-
cles therefrom to powder coat the surface portions as
the article is moved through the first discharge path via
the conveying means, the means for flowing including
means for supplying pressurized air to the gun, thereby
to combine the pressurized air and the powder particles
in a mixed stream for subsequent discharge from the
gun and toward the surface portions, and the controller
is operatively connected to the means for supplying
pressurized air and adapted to vary the flow of the pres-
surized air therefrom, thereby to variably control the rate
of discharging of the powder particles in the mixed
stream according to a predetermined discharge se-
qguence so that the rate of discharging for each surface
portion is commensurate with the surface area thereof
and/or a different rate of discharging is used for each of
the plurality of different topographies of the surface por-
tions, thereby to uniformly powder coat the surface por-
tions and to minimize waste of the powder particles.
[0012] Furthermore, the invention is directed at a
method of applying coating material to an article, com-
prising the steps of moving a three-dimensional article
to be coated along a conveying path relative to a spray
gun, the gun aimed along a discharge path generally
perpendicular to and intersecting the conveying path,
the article having an external surface to be coated, the
external surface having a plurality of surface portions of
different surface topography and surface area. In ac-
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cordance with the invention the method is for powder
coating, and further comprises the steps of mixing pow-
der particles and pressurized air in the gun to form a
mixed stream, the powder particles supplied by a pow-
der source and the pressurized air supplied by a pres-
surized air source, discharging the mixed stream from
the gun along the discharge path to successively pow-
der coat the surface portions as the article moves into
the discharge path, and controlling the rate of discharg-
ing of the mixed stream according to the predetermined
coating sequence by varying the flow of pressurized air
from the pressurized air source, to provide a corre-
sponding plurality of different rates of discharging the
mixed stream, the rate of discharging being dependent
upon the surface topography and the surface area of the
surface portion located in the discharge path, thereby to
uniformly powder coat the surface portions with opti-
mized efficiency in use of powder.

[0013] For powder spray coating applications, the dis-
charge rate is controlled by regulating the air pressure
input to the powder pump. This controls the volume of
powder mixed into the conveying air stream moving
through the pump and the rate at which the mixed pow-
der-air stream is discharged from a spray gun toward
the three dimensional article. For flat surfaces, a stand-
ard reference discharge rate is used. For steeply curved
surface portions, the discharge rate increases commen-
surately to assure adequate coating of the increased
surface density which moves past the gun per unit time.
For cut-out regions, discharge of the powder is tempo-
rarily stopped to reduce waste.

[0014] Depending upon the dimensions of the articles
to be coated, more than one spray gun may be neces-
sary. Each spray gun is adapted to coat along a topo-
graphical strip, or channel, of the external surface of the
article. The discharge rate for a gun dedicated to a par-
ticular channel is predetermined to correspond to the
particular irregularities of the surface portions of that
channel. Each gun is controlled independently, so that
each channel of the three dimensional article is coated
according to a predetermined discharge sequence
which corresponds uniquely to the configuration of the
surface portions thereof.

[0015] By varying the discharge rate in accordance
with curvature and/or surface area of the surface por-
tions as they pass in front of a gun along a conveying
path, this invention assures uniform coating of all sur-
face portions of the article, regardless of surface irreg-
ularities. Additionally, because the discharge rate is low-
ered for flat surfaces, and discharge is discontinued en-
tirely for cut-out regions, this invention reduces the
amount of coating material which is wasted during the
coating of three dimensional articles.

[0016] According to a preferred embodiment of the in-
vention, a method and apparatus for coating three di-
mensional articles includes a conveyor, a spray gun, a
powder pump, a powder hopper, a pressurized air
source, a master controller, and electro-pneumatic air
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regulator, a position sensor for articles on the conveyor
and a speed sensor for the conveyor. The conveyor car-
ries three dimensional articles in spaced relation along
the conveying path, which is oriented perpendicular to
the discharge path of the spray gun. Stated another way,
the discharge path of the spray gun intersects the con-
veying path at a 90° angle. The powder pump conveys
a mixed stream of pressurized air and powder particles
to the gun via a transport hose. The powder hopper,
preferably a fluidized bed, supplies powder particles to
the powder pump. The pressuried air source supplies
pressurized air via a supply tube to the powder pump.
The electro-pneumatic air regulator is connected in the
supply tube between the pressurized air source and the
powder pump, and the electro-pneumatic air regulator
regulates the flow rate of pressurized air supplied to the
powder pump. Because the amount of powder particles
drawn into the powder pump is directly proportional to
the flow rate therethrough, this also controls the dis-
charge rate from the gun.

[0017] The controller operatively connects to the elec-
tro-pneumatic air regulator and controls operation there-
of according to a predetermined discharge sequence,
the sequence initially determined by an operator to uni-
formly coat a topographical channel of the three dimen-
sional article as the various surface portions thereof
pass in front of the gun. A position sensor senses move-
ment of an article by the conveyor into the discharge
path of the gun, and thereby activates the controller to
initiate the predetermined coating sequence. The con-
veyor speed sensor operatively connects to the control-
ler and signals to the controller the speed of the convey-
or, thereby to correlate the predetermined discharge se-
quence with the actual speed of the conveyor. Stated
another way, the speed sensor serves as a feedback
device to the controller to assure that the predetermined
coating sequence actually matches the topography of
the surface portions of the channel as the article is trans-
ported in front of the gun.

[0018] An air pressure sensor may be located in the
supply line between the electro-pneumatic air regulator
and the pump, thereby to sense and provide an indica-
tion of the air pressure in the line. If desired, this air pres-
sure can be calculated to determine, and provide a dis-
play of, the discharge rate from the gun.

[0019] Depending upon the transverse dimension of
the articles to be coated and/or the variations in surface
topography for the articles to be coated, one or more
additional surface channels may be designated. This
will necessitate the use of one or more additional guns,
along with the corresponding additional powder supply
apparatus. This additional powder supply apparatus
functions in the same manner as described above, and
discharge from each gun is independently controlled by
the master controller. However, only a single air supply
source is necessary, with a control valve located down-
stream thereof and operatively connected to the master
controller, thereby to turn "off" or "on" all pressurized air
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flowing into the apparatus.

[0020] Anembodiment of the invention will now be de-
scribed by way of example and with reference to the ac-
companying drawings wherein:

Fig. 1 is a schematic of a powder coating apparatus
for coating three dimensional articles, in accord-
ance with a preferred embodiment of the invention.
Fig. 2 is an enlarged perspective view of a portion
of the apparatus shown in Fig. 1, showing the ori-
entation of the spray guns with respect to a three
dimensional article during coating thereof.

Fig. 3Ais a plan view of one spray coating gun dur-
ing coating of a first channel of the three dimension-
al article shown in Fig. 2.

Fig. 3B is a graph which illustrates the surface area
to be coated for the surface portions of the first
channel shown in Fig. 3A.

Fig. 3C is a graph which illustrates the quantity of
coating material discharged as successive surface
portions of the first channel move past the gun.
Fig. 4Ais a plan view of a second spray coating gun
during coating of a second channel of three dimen-
sional article shown in Fig. 2.

Fig. 4B is a graph which illustrates the surface area
to be coated for the surface portions of the second
channel shown in Fig. 4A.

Fig. 4C is a graph which illustrates the quantity of
coating material discharged as successive surface
portions of the second channel move past the gun.

[0021] Fig. 1 schematically shows an improved spray
coating apparatus 10 for powder coating a three dimen-
sional article 12 in accordance with a preferred embod-
iment of the invention. While the figures show an appa-
ratus 10 particularly suitable for powder coating, the in-
vention is not limited thereby and is also applicable to
other types of coating and coating materials. More spe-
cifically, the apparatus 10 coats a first external surface
13 of three dimensional articles 12 carried by a conveyor
14. The conveyor 14 moves the articles 12 along a con-
veying path and past a spray coating gun 16. The gun
16 is adapted to spray coating material along a dis-
charge path which intersects the conveying path of the
conveyor 14 at 90°. This discharge path is defined by a
conical-shaped pattern 18 which is formed during oper-
ation of the gun 16 under high pressure discharge con-
ditions.

[0022] AsshowninFig. 1, the first external surface 13
of article 12 includes first and second widths, or topo-
graphic channels 19 and 21, respectively. As shown in
Fig. 1, channel 19 is located above channel 21, though
this invention is not limited to the use of a horizontal con-
veying path and a horizontal discharge path, and the
channels may reside next to each other in the X, Y or Z
planes. The number of channels depends upon the
transverse dimension of the first external surface 13 with
respect to the direction of the conveyor 14. As shown in
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Fig. 1, the conveyor 14 moves the articles 12 along a
conveying path which comes out of the page, and thus
the transverse dimension of external surface 13 is along
the vertical, or y-axis. Another factor which plays a role
in determining the number of channels, in addition to the
transverse dimension, is the surface variation of the first
external surface 13. For instance, channel 21 has a cut-
out region while channel 19 does not..

[0023] In addition to the gun 16 for discharging coat-
ing material in a conical-shaped pattern 18 toward the
first channel 19 of surface 13, Fig. 1 also shows a sec-
ond gun 16a for discharging coating material in a coni-
cal-shaped pattern 18a toward the second channel 21.
As described above, depending upon the number of
channels and the surface configuration of first external
surface 13, one or more additional guns may be added
as necessary. The structural elements which supply
coating material to second gun 16a are identical to the
structural elements which supply first gun 16, and refer-
ence numerals for these elements are identical, but
have an "a" appended thereto. To simplify the explana-
tion of Fig. 1, only the elements associated with first gun
16 will be described.

[0024] A supply hose 22 conveys a mixed stream of
pressurized air and powder paint coating material to the
gun 16. A powder pump 24 creates this mixture of pres-
surized air and coating material. The pump 24 is mount-
ed to the top of a powder hopper 26 which maintains a
fluidized bed of powder coating material. Pump 24 in-
cludes a venturi pumping chamber under negative pres-
sure which is connected by suction tube 28 to the fluid-
ized bed of powder in hopper 26 to draw powder into
pump 24.

[0025] A pressurized air supply tube 30 defines a flow
path for conveying pressurized air from a pressurized
air source 32 to the pump 24. This pressurized air cre-
ates the negative pressure condition in the venturi
pumping chamber of pump 24 which draws powder from
hopper 26 into the pump. The supply of pressurized air
from pressurized air source 32 is turned "off" and "on"
via a solenoid valve 34 which is controlled by a master
controller 36. The master controller 36 is preferably pro-
grammable and includes a central processing unit.
[0026] An electro-pneumatic air regulator 38 is in-
stalled in the flow path defined by supply tube 30, be-
tween the pressurized air source 32 and the pump 24.
Regulator 38 is preferably a voltage to pressure regula-
tor manufactured by Nordson Corporation of Amherst,
Ohio under Part No. 113,626. An electrical signal is pro-
vided to regulator 38 via a line 40 from controller 36 in-
dicating the air pressure to be provided at the output of
regulator 38.

[0027] Operation of this electropneumatic air regula-
tor 38 regulates the flow of pressurized air along the tube
30, which in turn regulates the amount of negative pres-
sure in the venturi pumping chamber of pump 24 and
the flow rate of the mixed powder-air stream from hop-
per 26 along supply tube 22, and the discharge rate of
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powder coating material from gun 16. Supply tube 30
also includes an air pressure sensor 42 which is opera-
tively connected to the master controller 36, and the
master controller 36 includes or is operatively connect-
edtoadisplay 41, suchas an LED or LCD, for displaying
the air pressure in the tube 30.

[0028] The master controller 36 also connects to po-
sition sensors 46a and 46b, which may be a light beam
detector, to sense movement of the article 12 into the
discharge path of the gun 16. The signal generated by
the sensors 46a and 46b may then be used to actuate
the master controller 36 to initiate coating.

[0029] The master controller 36 is programmed to
control the operation of the regulator 38 (and regulator
38a) according to a predetermined coating sequence.
This coating sequence may involve increasing or de-
creasing the supply of pressurized air to the pump 24
from regulator 38, thereby to increase or decrease the
discharge rate of coating material from the gun 16 in ac-
cordance with the particular surface configuration or to-
pography of the channel 19 (and channel 21). For in-
stance, if the surface channel 19 includes flat portions
and angled portions or curved portions, i.e. portions not
parallel to the conveying path, the surface area of the
non-parallel portions which pass by the gun 16 per unit
time will be greater than the surface area of the flat por-
tions which pass by the gun 16 per unit time, assuming
the conveyor 14 moves at a constant speed. As de-
scribed in more detail below with respect to Fig. 2, these
uneven or non-parallel portions therefore require a high-
er discharge rate, with the discharge rate being com-
mensurate with the slope of a tangent line to the surface.
[0030] If desired, the speed of the conveyor 14 may
be fed back to the master controller 36. This may be
done by fixing a rotatable spool 48 in contact with the
conveyor 14 so that the spool 48 rotates upon move-
ment of the conveyor 14. An axle 50 connects to the
spool 48 and supports a disc 52 which rotates therewith.
The disc 52 is coded via punched out regions at a diam-
eter which corresponds to a location of light beam sen-
sors 54a and 54b. As the disc 52 rotates, the passage
or obstruction of the light beam between sensors 54a
and 54b indicates to the master controller 36 the speed
of the conveyor 14. In its simplest form, with uniformly
spaced punch-out regions in the disc 52, this structure
may be used simply to indicate to the master controller
36 the speed of the conveyor 14 and whether the con-
veyor 14 has stopped or started, via sensing at the con-
troller 36 the rate of receipt of the "obstructed" and "un-
obstructed" signals. If the conveyor 14 always runs at
the same speed to coat the same articles 12, this speed
sensing structure may not be necessary, because the
predetermined coating sequences can be correlated to
the channel or channels of the article 12 in relation to
that constant speed. However, this added degree of
control is preferable because of possible fluctuations in
the speed of the conveyor 14 and/or the desire to oper-
ate the conveyor 14 at different speeds for coating dif-
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ferent articles 12.

[0031] If desired, the coding on the disc 52 may be
specific to a particular article 12, and arranged such that
one complete rotation of disc 52 corresponds to move-
ment of the conveyor 14 from the leading edge of one
article 12 to the leading edge of the next succeeding ar-
ticle 12. Each surface portion to be coated can then be
correlated to an arcuate section of the disc 52. The spac-
ing of the cut out regions could then dictate the dis-
charge rate. Thus, the invention contemplates added
levels of feedback control, if desired.

[0032] Fig. 2 shows the first external surface 13 of ar-
ticle 12 in greater detail. More particularly, Fig. 2 shows
the topographic surface details of first upper channel 19
and second lower channel 21. The surfaces of channels
19 and 21 are coated by material discharged from gun
16 and 16a, respectively, as the article 12 moves along
the conveying path in a direction designated by refer-
ence numeral 56. Channel 19 includes multiple surface
portions, designated 19a, 19b, 19¢c, 19d and 19e. Sur-
face portion 19a is oriented parallel to the discharge
path of the gun 16 and perpendicular to the conveying
path of the conveyor 14. Surface portion 19b is parallel
to the conveying path and perpendicular to the dis-
charge path. Surface portion 19c is curved, and a tan-
gent line to this curve is almost parallel with the dis-
charge path adjacent portion 19b, but becomes almost
perpendicular to the discharge path as the surface por-
tion 19c¢ flattens, adjacent the flat or parallel surface por-
tion 19d. Surface portion 19e is oriented parallel with the
discharge path and perpendicular to the conveying path.
Surface portions 21a, 21b, 21c and 21d are similar to
surface portions 19a, 19b, 19c and 19d, respectively.
However, channel 21 also includes a cut-out region 21e
which does not require discharge of any coating mate-
rial, followed by a flat surface portion 21f and a perpen-
dicular surface portion 21g.

[0033] As shown in Fig. 2, if article 12 is moved past
guns 16 and 16a at a constant rate of speed, a greater
surface area of the article 12 passes the guns 16 and
16a per unit time during passage of those portions which
are non-parallel to the conveying path i.e. such as por-
tions 19c and 21c. Also, the greater the curvature, or
angle of the surface portions with respect to the convey-
ing path, the greater the amount of surface area which
passes the guns 16 and 16a per unit time. Thus, to uni-
formly coat surface portions 19b and 19c with a layer of
coating material of uniform thickness, and to minimize
waste of coating material, more coating material must
be discharged as portion 19c passes gun 16 than when
portion 19b passes gun 16, assuming the conveyor 14
operates at constant speed. Subsequently, as surface
portion 19c levels off toward surface portion 19d, the
needed volume of coating material decreases. The ef-
fect is similar for channel 21, but channel 21 also in-
cludes cut-out 21e, which requires no coating material
to be discharged.

[0034] To accomplish the desired increases and de-
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creases in quantity of coating material discharged, as
dictated by the surface configuration of the channels 19
and 21, the master controller 36 controls the flow rate
of pressurized air along tube 30 by means of regulator
38. For a portion which is flat, such as 19b and 21b, the
standard reference for surface area passing gun 16 per
unit time is 1.0 and the standard reference for quantity
discharged is also 1.0. When a curved portion such as
19¢ moves in front of the gun 16, (adjacent portion 19b)
the initial surface area which passes gun 16 per unittime
is about 4.4 times the reference value region. As the an-
gle of surface portion 19c decreases to about 30°, (ad-
jacent portion 19d) the region which passes gun 16 per
unit time is about 1.15 times the standard reference val-
ue.

[0035] Thus, the apparatus 10 opens up or closes
down the flow passage in regulator 38, under the control
of controller 36, to increase or decrease, respectively,
the discharge rate from guns 16 and 16a relative to the
surface area of the respective channel 19 or 21. Thus,
for example, the flow passage through regulator 38
would be opened wider during the coating of portion 19c,
than during the coating of portion 19b. This results in the
most efficient use of the coating material, since excess
coating material is not discharged onto flat portions, and
additional material is discharged on curved portions to
accomodate the additional surface area defined by the
surface topography. Additionally, coating material is
saved because the apparatus 10 does not discharge
coating material toward cut-out regions, such as portion
21e.

[0036] For portions which are substantially parallel to
the discharge path, such as portions 19a, 21a, 19e¢, and
21g, itis extremely difficult to uniformly coat the exposed
surface area, due to the angular orientation of the sur-
face with respect to the guns 16 and 16a. Therefore, it
is desirable to electrostatically charge the powder par-
ticles to promote attraction toward these surfaces and
uniform coverage thereof. As shown in Fig. 1, electro-
static charging of the powder particles may occur via use
of corona charging electrodes 37 and 37a external to
the guns 16 and 16a, respectively, thoughitis preferable
to electrostatically charge the powder particles while in
the apparatus 10, either via an internal corona electrode
or an internal charging system such as a triboelectric
friction charging system. Moreover, this type of electro-
static powder coating gun is preferably also used for
coating the other portions of the article 12 as well.
[0037] Fig. 3A shows topographic channel 19 in plan
view, and particularly surface portions 19a, 19b, 19c,
19d and 19e. Fig. 3B includes a curve 58 which graph-
ically illustrates the surface area of channel 19 which
passes in front of gun 16 during movement of the con-
veyor 14. For instance, the surface area represented for
portions 19a and 19d are equal to the standard refer-
ence value 1.0. The surface area represented for the
slightly inclined region of portion 19c is 1.15 times the
reference value, while the surface area for the steeper
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region of portion 19¢c increases from 1.15 to 4.4 of the
reference value. For curved portions such as 19c, Fig.
3B also reflects the slope of a tangent line to the surface.
[0038] Fig. 3C graphically illustrates the quantity of
coating material which should be discharged according
to the invention as surface portions 19a, 19b, 19¢, 19d
and 19e pass in front of gun 16. This quantity is repre-
sented by curve 60. The shaded region located above
curve 60, and designated by reference numeral 62, rep-
resents the amount of coating material that is saved by
using this invention, since without this invention it would
otherwise be necessary to discharge at a rate sufficient
to cover the steepest region of surface portion 19c. The
other option of course, though equally undesirable,
would be to discharge at a rate insufficient to adequately
coat the steepest region of surface portion 19c.

[0039] Figs. 4A, 4B and 4C correspond to Figs. 3A,
3B and 3C, respectively, but relate to coverage of sec-
ond topographic channel 21. Curve 64 in Fig. 4B shows
the surface area for portions 21a, 21b, 21c, 21d, 21e,
21f and 21g of channel 21, and curve 66 in Fig. 4C
graphically shows the quantity of coating material dis-
charged as these surface portions pass the gun 16a.
Also, the reference numeral 68 designates the amount
of coating material saved with this invention by varying
the discharge rate.

[0040] Compared to Figs. 3A, 3B and 3C, Figs. 4A,
48 and 4C differ only in respect to the cut-out portion
21e, which does not require any coating material. The
second discharge path 18a and the second gun 16a are
necessary for coating article 12 because of the different
surface configurations, or surface topography, repre-
sented by the cut-out region 21e. In some cases, as ex-
plained previously, additional or fewer guns may be
needed, but the number of guns necessary will be de-
termined by the transverse dimension of the article 12
and the number of topographic variations in the surface
orientation of the article 12. The'invention requires one
gun, and therefore one topographic channel, for each
variation and surface orientation across the transverse
dimension of the article 12.

Claims

1. Apparatus (10) for applying coating material to an
article comprising means (14) for conveying a
three-dimensional article (12) along a conveying
path, the article (12) having an external surface (13)
with a plurality of surface portions (19a-e, 21a-g) of
different topography and/or surface area, wherein
at least one of said portions is not parallel to the
conveying path, a first gun (16) aimed along a first
discharge path which intersects the conveying path,
and a controller (36), characterised in that the ap-
paratus is for powder coating and further comprises
means for flowing powder particles to the gun (16)
in a pressurized condition and for discharging the
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particles therefrom to powder coat the surface por-
tions (19a-e, 21a-g) as the article (12) is moved
through the first discharge path via the conveying
means (14), the means for flowing including means
(32, 34, 38) for supplying pressurized air to the gun,
thereby to combine the pressurized air and the pow-
der particles in a mixed stream for subsequent dis-
charge from the gun (16) and toward the surface
portions (19a-e, 21a-g), and the controller (36) is
operatively connected to the means (32, 34, 38) for
supplying pressurized air and adapted to vary the
flow of the pressurized air therefrom, thereby to var-
iably control the rate of discharging of the powder
particles in the mixed stream according to a prede-
termined discharge sequence so that the rate of dis-
charging for each surface portion (19a-e, 21a-g) is
commensurate with the surface area thereof and/or
a different rate of discharging is used for each of the
plurality of different topographies of the surface por-
tions, thereby to uniformly powder coat the surface
portions and to minimize waste of the powder par-
ticles.

Apparatus as claimed in Claim 1 further comprising
air pressure sensing means (42) operatively con-
nected to the powder flowing means and adapted
to sense the display a parameter proportional to the
rate of discharging.

Apparatus as claimed in either Claim 1 or Claim 2
further comprising a second gun (16a) adapted to
discharge coating material along a second dis-
charge path (18a) which intersects the conveying
path as the article (12) moves along the conveying
path, the second gun (16a) and the first gun (16)
arranged along a line perpendicular to the convey-
ing path and the first and second discharge paths.

Apparatus as claimed in Claim 1 or Claim 2 wherein
the powder flowing means includes a powder pump
(24) operatively connected to the gun (16), and
means (26) for supplying fluidized powder particles
to the pump, the air supplying means (32, 34, 38)
supplies air to the pump (24) via a flow path (30),
the pump (24) being adapted to combine the pres-
surized air and powder particles in a mixed stream
and to convey the mixed stream along a transport
path to the gun (16) for discharge therefrom toward
the surface portions (19a-e, 21a-g), and the air sup-
plying means includes flow control means (38) lo-
cated in the flow path (30) and adapted to regulate
the flow of pressurized air therethrough, thereby to
regulate the flow rate of the mixed stream conveyed
to the gun (16) and discharged therefrom, the con-
troller (36) being operatively connected to the flow
control means (38) and adapted to control the flow
control means to vary the discharge rate of the
mixed stream from the gun (16) according to the
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10.

1.

12.

13.

predetermined discharge sequence.

Apparatus as claimed in Claim 4 as appendant to
Claim 1 further comprising an air pressure sensor
(42) located in the flow path (30) between the flow
control means (38) and the pump (24), and display
means operatively connected to the air pressure
sensor (42) for indicating the air pressure in the flow
path (30).

Apparatus as claimed in either Claim 4 or Claim 5
wherein the flow control means (38) comprises an
electropneumatic regulator which receives an elec-
trical signal from the controller (36) and in response
varies the flow rate of pressurized air therethrough.

Apparatus as claimed in any of Claims 4 to 6 further
comprising a second gun (16a) adapted to dis-
charge pressurized air and powder particles in a
second stream (18a) toward successively con-
veyed surface portions (21a-g) of the article, the
second gun (18a) and the first gun (18) arranged
along a line perpendicular to the conveying path
and the discharge direction.

Apparatus as claimed in any preceding claim further
comprising a sensor (46a, 46b) operatively con-
nected to the controller (36) and adapted to sense
the article (12) as it moves in front of the gun (18,
18a) and to signal the controller (36) to initiate the
predetermined discharge sequence.

Apparatus as claimed in any preceding claim further
comprising speed sensing means (54a, 54b) con-
nected to the controller and adapted to determine
the rate of speed of the conveying means (14),
thereby to correlate the predetermined discharge
sequence with the rate at which the surface portions
(19a-e, 21a-g) pass in front of the gun (18, 18a).

Apparatus as claimed in any preceding claim further
comprising means or electrostatically charging the
particles in the mixed stream.

Apparatus as claimed in Claim 10 wherein the elec-
trostatic charging means is located in the transport
path.

Apparatus as claimed in any preceding claim
wherein the gun (18, 18a) remains in a fixed position
and the conveying means (14) carries the article
(12) past the gun (18, 18a).

A method of applying coating material to an article,
comprising the steps of moving a three-dimensional
article (12) to be coated along a conveying path rel-
ative to a spray gun (18, 18a), the gun aimed along
a discharge path generally perpendicular to and in-
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tersecting the conveying path, the article (12) hav-
ing an external surface (13) to be coated, the exter-
nal surface having a plurality of surface portions
(19a-e, 21a-g) of different surface topography and
surface area, characterised in that the method is
for powder coating, and further comprises the steps
of mixing powder particles and pressurized air in the
gun (18, 18a) to form a mixed stream, the powder
particles supplied by a powder source (26, 26a) and
the pressurized air supplied by a pressurized air
source (32), discharging the mixed stream from the
gun (18, 18a) along the discharge path to succes-
sively powder coat the surface portions (19a-¢, 21a-
g) as the article (12) moves into the discharge path,
and controlling the rate of discharging of the mixed
stream according to the predetermined coating se-
quence by varying the flow of pressurized air from
the pressurized air source (32), to provide a corre-
sponding plurality of different rates of discharging
the mixed stream, the rate of discharging being de-
pendent upon the surface topography and the sur-
face area of the surface portion located in the dis-
charge path, thereby to uniformly powder coat the
surface portions with optimized efficiency in use of
powder.

A method as claimed in Claim 13 further comprising
the steps of electrostatically charging the dis-
charged particles.

A method as claimed in Claim 14 wherein the charg-
ing occurs inside the gun (18, 18a).

A method as claimed in any one of Claims 13 to 15
further comprising the step of sensing the article
(12) as it moves into the discharge path, thereby to
actuate a controller (36) to initiate the predeter-
mined coating sequence.

A method as claimed in any one of Claims 13 to 16
further comprising the step of measuring the speed
at which the article (12) is moved through the dis-
charge path and along the conveying path, and, in-
putting the measured speed to a or the controller
(36) to control the predetermined coating se-
quence.

Patentanspriiche

1.

Vorrichtung zum Aufbringen von Beschichtungsma-
terial auf einen Gegenstand, enthaltend Mittel (14)
zum Transportieren eines dreidimensionalen Ge-
genstandes (12) entlang eines Transportweges,
wobei der Gegenstand (12) eine AuRenoberflache
(13) aufweist, die mehrere Flachenabschnitte (19a-
e, 21a-g) mit unterschiedlicher Topographie und/
oder Oberflachenbereich besitzt, wobei zumindest
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einer der Abschnitte nicht parallel zu dem Trans-
portweg verlauft, eine erste Pistole (16), die auf ei-
nem ersten Abgabeweg ausgerichtet ist, welcher
den Transportweg schneidet, sowie eine Steuerein-
richtung (36),

dadurch gekennzeichnet, dass die Vorrichtung
zum Pulverbeschichten vorgesehen ist und weiter-
hin Mittel enthalt, um zum Beschichten der Oberfla-
chenabschnitte (19a-e, 21a-g) mit Pulver Pulverp-
artikel unter Druck zu der Pistole (16) strdbmen zu
lassen und die Partikel aus der Pistole abzugeben,
wenn der Gegenstand (12) mittels dem Transport-
mittel (14) durch den ersten Abgabeweg hindurch-
bewegt wird, wobei die Strémungsmittel ein Mittel
(32, 34, 38) enthalten, um Druckluft zu der Pistole
zuzuftihren, um dadurch die Druckluft und die Pul-
verpartikel in einem Mischstrahl fir die nachfolgen-
de Abgabe aus der Pistole (16) in Richtung der
Oberflacheabschnitte (19a-e, 21a-g) zu vereinen,
und dass die Steuereinrichtung (36) mit dem Mittel
(32, 34, 38) zum Zuflhren der Druckluft verbunden
und in der Lage ist, die Stromung der Druckluft zu
verandern, um dadurch die Abgabeleistung der Pul-
verpartikel in dem Mischstrahl gemaR einer vorbe-
stimmten Abgabesequenz variabel so zu steuern,
dass die Abgabeleistung flr jeden Oberflachenab-
schnitt (19a-e, 21a-g) dem Oberflachenbereich
hiervon angepasst ist und/oder eine unterschiedli-
che Abgabeleistung fiir jeden der mehreren unter-
schiedlichen Topographien der Oberflacheab-
schnitte verwendet wird, um die Oberflacheab-
schnitte gleichférmig mit Pulver zu beschichten und
den Abfall der Pulverpartikel zu minimieren.

Vorrichtung nach Anspruch 1,

weiterhin enthaltend Luftdruck-Erfassungsmittel
(42), die mit dem Pulverstromungsmittel verbunden
und in der Lage sind, einen Parameter, der propor-
tional der Abgabeleistung ist, fuir die Anzeige zu er-
fassen.

Vorrichtung nach Anspruch 1 oder 2,

weiterhin enthaltend eine zweite Pistole (16a), die
in der Lage ist, Beschichtungsmaterial entlang ei-
nes zweiten den Transportweg schneidenden Ab-
gabeweges (18a) abzugeben, wenn sich der Ge-
genstand (12) entlang des Transportweges bewegt,
wobei die zweite Pistole (16a) und die erste Pistole
(16) entlang einer Linie angeordnet sind, die senk-
recht zu dem Transportweg sowie dem ersten und
dem zweiten Abgabeweg verlauft.

Vorrichtung nach Anspruch 1 oder 2,

bei der das Pulverstrémungsmittel eine Pulverpum-
pe (24), die mit der Pistole (16) verbunden ist, sowie
Mittel (26) zum Zufiihren fluidisierter Pulverpartikel
zu der Pumpe enthalt, wobei das Luftzuflihrmittel
(32, 34, 38) uber einen Strémungsweg (30) der
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Pumpe (24) Luft zufiihrt, wobei die Pumpe (24) in
der Lage ist, die Druckluft und die Pulverpartikel in
einen Mischstrom zu vereinen und den Mischstrom
entlang eines Transportweges zu der Pistole (16)
fir die Abgabe hieraus in Richtung der Oberfla-
chenabschnitte (19a-e, 21a-g) zu transportieren,
und bei der das Luftzufihrmittel ein Strémungs-
steuermittel (38) enthalt, das in dem Strdomungsweg
(30) angeordnet und in der Lage ist, die Druckluft-
stromung dort hindurch zu regeln, um die Stro-
mungsgeschwindigkeit des Mischstromes, der zu
der Pistole (16) transportiert und von dort abgege-
ben wird, zu regeln, wobei die Steuereinrichtung
(36) mit dem Strémungssteuermittel (38) verbun-
den und in der Lage ist, das Strémungssteuermittel
zu steuern, wodurch die Abgabeleistung des Misch-
stromes aus der Pistole (16) gemal der vorbe-
stimmten Abgabesequenz veranderbar ist.

Vorrichtung nach Anspruch 4 soweit von Anspruch
1 abhangig,

weiterhin enthaltend einen Druckluftsensor (42),
der in dem Strémungsweg (30) zwischen dem Stro-
mungssteuermittel (38) und der Pumpe (24) ange-
ordnet ist, und Anzeigemittel, die mit dem Druck-
luftsensor (42) zum Anzeigen der Druckluft in dem
Strdmungsweg (30) verbunden sind.

Vorrichtung nach Anspruch 4 oder 5,

bei dem das Stromungssteuermittel (38) eine elek-
tropneumatische Regeleinrichtung enthalt, die ein
elektrisches Signal aus der Steuereinrichtung (36)
empfangt und in Erwiderung auf die Strémungsge-
schwindigkeit der Druckluft verandert.

Vorrichtung nach einem der Anspriiche 4 bis 6,
weiterhin enthaltend eine zweite Pistole (16a), die
in der Lage ist, Druckluft und Pulverpartikel in einem
zweiten Strom (18a) in Richtung aufeinanderfol-
gend geférderten Oberflachenabschnitte (21a-g)
des Gegenstandes abzugeben, wobei die zweite
Pistole (18a) und die erste Pistole (18) entlang einer
Linie angeordnet sind, die senkrecht zu dem Trans-
portweg und der Abgaberichtung verlauft.

Vorrichtung nach einem der vorstehenden Anspri-
che,

weiterhin enthaltend einen Sensor (46a, 46b), der
mit der Steuereinrichtung (36) verbunden und in der
Lage ist, den Gegenstand (12) zu erfassen, wenn
er sich vor der Pistole (18, 18a) vorbeibewegt, und
der Steuereinrichtung (36) zu signalisieren, die vor-
bestimmte Abgabesequenz zu beginnen.

Vorrichtung nach einem der vorstehenden Anspri-
che,

weiterhin enthaltend Geschwindigkeitserfassungs-
mittel (54a, 54b), die mit der Steuereinrichtung ver-
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10.

1.

12.

13.

bunden und in der Lage sind, die Geschwindigkeits-
rate des Transportmittels (14) zu bestimmen, um
die vorbestimmte Abgabesequenz mit der Ge-
schwindigkeit, bei der die Oberflachenabschnitte
(19a-e, 21a-g) vor der Pistole (18, 18a) vorbeige-
fuhrt werden, zu korrelieren.

Vorrichtung nach einem der vorstehenden Anspri-
che,

weiterhin enthaltend ein Mittel zum elektrostati-
schen Aufladen der Partikel in dem Mischstrom.

Vorrichtung nach Anspruch 10,
bei der das elektrostatische Auflademittel in dem
Transportweg angeordnet ist.

Vorrichtung nach einem der vorstehenden Anspri-
che,

bei der die Pistole (18, 18a) in einer ortsfesten Po-
sition bleibt und das Transportmittel (14) den Ge-
genstand (12) an der Pistole (18, 18a) vorbeifiihrt.

Verfahren zum Aufbringen von Beschichtungsma-
terial auf einen Artikel, enthaltend die Schritte des
Bewegens eines dreidimensionalen, zu beschich-
tenden Artikels (12) entlang eines Transportweges
relativ zu einer Sprihpistole (18, 18a), wobei die Pi-
stole entlang eines Abgabeweges ausgerichtet ist,
der im wesentlichen senkrecht zu dem Transport-
weg verlauft und den Transportweg schneidet, wo-
bei der Gegenstand (12) eine zu beschichtende Au-
Renoberflache (13) aufweist, wobei die AuRenober-
flache mehrere Oberflachenabschnitte (19a-¢, 21a-
g) mit unterschiedlicher Oberflachentopographie
und Oberflachenbereich besitzt,

dadurch gekennzeichnet, dass das Verfahren fiir
das Pulverbeschichten vorgesehen ist und weiter-
hin die folgenden Schritte enthalt: Mischen von Pul-
verpartikeln und Druckluft in der Pistole (18, 18a),
um einen Mischstrahl zu bilden, wobei die Pulverp-
artikel durch eine Pulverquelle (26, 26a) und die
Druckluft durch eine Druckluftquelle (32) zugefiihrt
werden, Abgeben des Mischstrahles aus der Pisto-
le (18, 18a) entlang des Abgabeweges, um die
Oberflachenabschnitte (19a-e, 21a-g) aufeinander-
folgend mit Pulver zu beschichten, wenn sich der
Gegenstand (12) in den Abgabeweg bewegt, und
Steuern der Abgabeleistung des Mischstromes ge-
mafR der vorbestimmten Beschichtungssequenz
durch Verandern der Stromung der Druckluft aus
der Druckluftquelle (32), um eine Reihe von unter-
schiedlichen Leistungen der Abgabe des Misch-
stromes bereitzustellen, wobei die Abgabeleistung
abhangig von der Oberflachentopographie und
dem Oberflachenbereich des Oberflachenabschnit-
tes ist, der in dem Abgabeweg angeordnet ist, wo-
durch die Oberflacheabschnitte mit optimierter Effi-
zienz hinsichtlich der Verwendung des Pulvers
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gleichférmig beschichtbar sind.

Verfahren nach Anspruch 13,
weiterhin enthaltend die Schritte des elektrostati-
schen Aufladens der abgegebenen Partikel.

Verfahren nach Anspruch 14,
bei dem das Aufladen innerhalb der Pistole (18,
18a) erfolgt.

Verfahren nach einem der Anspriiche 13 bis 15,
weiterhin enthaltend die Schritte des Erfassens des
Gegenstands (12), wenn er sich in den Abgabeweg
bewegt, um dadurch eine Steuereinrichtung (36)
zum Beginn der vorbestimmten Beschichtungsse-
quenz zu betatigen.

Verfahren nach einem der Anspriiche 13 bis 16,
weiterhin enthaltend den Schritt des Messens der
Geschwindigkeit, mit dem der Gegenstand (12)
durch den Abgabeweg und entlang des Transport-
weges bewegt wird, und Eingeben der gemessenen
Geschwindigkeit in eine oder die Steuereinrichtung
(36), um die vorbestimmte Beschichtungssequenz
zu steuern.

Revendications

Appareil (10) pour appliquer un matériau de revé-
tement a un article, comprenant des moyens (14)
pour transporter un article tridimensionnel (12) le
long d'une trajectoire de transport I'article (12) pré-
sentant une surface externe (13) avec une pluralité
de parties de surface (19a-e, 21a-g) de topographie
et/ou d'aire de surface differentes, selon lequel au
moins une desdites parties n'est pas paralléle a la
trajectoire de transport, un premier pistolet (16)
orienté le long d'une premiére trajectoire de projec-
tion qui coupe la trajectoire de transport, et un con-
troleur (36), caractérisé en ce que |'appareil est
prévu pour déposer un revétement de poudre et
comprend, en outre, des moyens pour acheminer
des particules de poudre sous pression jusqu'au
pistolet (16) et pour projeter les particules a partir
de ce dernier pour recouvrir de poudre les parties
de surface (19a-e, 21a-g) lorsque l'article (12) se
déplace dans la premiére trajectoire de projection
via le moyen de transport (14), les moyens d'ache-
minement comprenant des moyens (32, 34, 38)
pour fournir de I'air sous pression au pistolet, et pour
combiner ensemble I'air sous pression et les parti-
cules de poudre dans un courant mélangé en vue
de leur projection ultérieure a partir du pistolet (16)
et en direction des parties de surface (19a-e, 21a-
g), et le contrbleur (36) est relié de maniére opéra-
tionnelle aux moyens (32, 34, 38) pour fournir de
I'air sous pression et adapté pour faire varier I'écou-
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10

lement d'air sous pression a partir de ces derniers,
et pour commander ainsi de maniére variable la vi-
tesse de projection des particules de poudre dans
le courant combiné, selon une séquence de projec-
tion prédéterminée de telle sorte que la vitesse de
projection pour chaque partie de surface (19a-e,
21a-g) correspond a l'aire de surface de cette der-
niére et/ou une vitesse de projection différente est
utilisée pour chacune des topographies différentes
des parties de surface, pour déposer un revétement
de poudre uniforme sur les parties de surface et mi-
nimiser la perte de particules de poudre.

Appareil selon la revendication 1, comprenant en
outre des moyens de détection de la pression d'air
(42) reliés de maniére opérationnelle aux moyens
d'acheminement de poudre et adaptés pour détec-
ter et afficher un parametre proportionnel a la vites-
se de projection.

Appareil selon la revendication 1 ou la revendica-
tion 2 comprenant, en outre, un deuxiéme pistolet
(16a) adapté pour projeter un matériau de revéte-
ment le long d'une deuxieéme trajectoire de projec-
tion (18a) qui coupe la trajectoire de transport lors-
que l'article (12) se déplace le long de la trajectoire
de transport, le deuxiéme pistolet (16a) et le pre-
mier pistolet (16) étant placés le long d'une ligne
perpendiculaire a la trajectoire de transport et aux
premiére et deuxiéme trajectoires de projection.

Appareil selon la revendication 1 ou la revendica-
tion 2, selon lequel le moyen d'acheminement de
poudre comprend une pompe a poudre (24) reliée
de maniére opérationnelle au pistolet (16) et des
moyens (26) pour fournir des particules de poudre
fluidisées a la pompe, le moyen d'alimentation en
air (32, 34, 38) fournit de I'air a la pompe (24) via
une trajectoire d'écoulement (30), la pompe (24)
étant adaptée pour combiner I'air sous pression et
les particules de poudre dans un courant mélangé
et pour transporter le courant mélangé le long d'une
trajectoire de transport jusqu'au pistolet (16) en vue
de leur projection a partir de ce dernier vers les par-
ties de surface (19a-¢, 21a-g), et le moyen d'alimen-
tation en air comprend un moyen de commande
d'écoulement (38) placés dans la trajectoire d'écou-
lement (30) et adaptés pour réguler I'écoulement
d'air sous pression dans cette derniere, pour régu-
ler ainsi le débit du courant mélangé transporté jus-
qu'au pistolet (16) et projeté a partir de ce dernier,
le contrbleur (36) étant relié de maniére opération-
nelle au moyen de commande d'écoulement (38) et
étant adapté pour commander le moyen de com-
mande d'écoulement pour faire varier la vitesse de
projection du courant mélangé a partir du pistolet
(16) selon la séquence de projection prédétermi-
née.
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Appareil selon la revendication 4 conformément a
la revendication 1, comprenant, en outre, un cap-
teur de pression d'air (42) placé dans la trajectoire
d'écoulement (3C) entre le moyen de commande
d'écoulement (38) et la pompe (24) et des moyens
d'affichage reliés de maniére opérationnelle au cap-
teur de pression d'air (42) pour indiquer la pression
d'air dans la trajectoire d'écoulement (30).

Appareil selon la revendication 4 ou la revendica-
tion 5 selon lequel le moyen de commande d'écou-
lement (38) comprend un régulateur électro-pneu-
matique qui regoit un signal électrique a partir du
contrbleur (36) et en réponse fait varier le débit de
I'air sous pression dans ce dernier.

Appareil selon I'une quelconque des revendications
4 a 6 comprenant, en outre, un deuxieme pistolet
(16a) adapté pour projeter de I'air sous pression et
des particules de poudre dans un deuxiéme courant
(18a) en direction successivement des parties de
surface transportées (21a-g) de l'article, le deuxié-
me pistolet (18a) et le premier pistolet (18) étant-
placés le long d'une ligne perpendiculaire a la tra-
jectoire de déplacement et au sens de projection.

Appareil selon I'une quelconque des revendications
précédentes comprenant, en outre, un capteur
(46a, 46b) relié de maniére opérationnelle au con-
tréleur (36) et adapté pour détecter I'article (12) lors
de son passage devant le pistolet (18, 18a) et en-
voyer un signal au contréleur (36) pour initier la sé-
quence de projection prédéterminée.

Appareil selon I'une quelconque des revendications
précédentes, comprenant en outre un moyen de dé-
tection de la vitesse (54a, 54b) relié au contrdleur
et adapté pour déterminer la vitesse du moyen de
transport (14), pour corréler ainsi la séquence de
projection prédéterminée a la vitesse a laquelle les
parties de surface (19a-e, 21a-g) passent devant le
pistolet (18, 18a).

Appareil selon I'une quelconque des revendications
précédentes, comprenant, en outre, des moyens
pour conférer une charge électrostatique aux parti-
cules dans le courant mélangeé.

Appareil selon la revendication 10, selon lequel le
moyen pour conférer une charge électrostatique est
placé dans la trajectoire de transport

Appareil selon I'une quelconque des revendications
précédentes, selon lequel le pistolet (18, 18a) reste
dans une position fixe et le moyen de transport (14)
transporte I'article (12) en passant devant le pistolet
(18, 18a).
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Procédé d'application d'un matériau de revétement
a un article, comprenant des étapes pour transpor-
ter un article tridimensionnel (12) a recouvrir le long
d'une trajectoire de transport par rapport a un pis-
tolet pulvérisateur (18, 18a), le pistolet étant orienté
le long d'une trajectoire de projection généralement
perpendiculaire a la trajectoire de transport et re-
coupant cette derniére, I'article (12) présentant une
surface externe (13) a recouvrir, la surface externe
comportant une pluralité de parties de surface (19a-
e, 21a-g) de topographie et/ou d'aire de surface dif-
férentes, caractérisé en ce que le procédé est pré-
vu pour déposer un revétement en poudre, et com-
prend, en outre, les étapes consistant a mélanger
les particules de poudre et de l'air sous pression
dans le pistolet (18, 18a) pour former un courant
mélangé, les particules de poudre fournies par une
source de poudre (26, 26a) et I'air sous pression
fourni par une source d'air sous pression (32), a pro-
jeter le courant mélangé a partir du pistolet (18, 18a)
le long d'une trajectoire de projection pour recouvrir
de poudre successivement les parties de surface
(19a-e, 21a-g) lorsque l'article (12) se déplace dans
la trajectoire de projection, et contrdler la vitesse de
projection du courant mélangé selon la séquence
de revétement prédéterminée en faisant varier
I'écoulement d'air sous pression a partir de la sour-
ce d'air sous pression (32) pour fournir une pluralité
correspondante de vitesses de déchargement du
courant mélangé, la vitesse de projection étant
fonction de la topographie de la surface et de I'aire
de surface de la partie de surface placée dans la
trajectoire de projection, pour déposer un revéte-
ment de poudre uniforme sur les parties de surface
avec une efficacité d'utilisation de poudre optimi-
sée.

Procédé selon la revendication 13, comprenant en
outre les étapes consistant a conférer une charge
électrostatique aux particules projetées.

Procédé selon la revendication 14 selon lequel la
charge électrostatique est transmise a l'intérieur du
pistolet (18, 18a).

Procédé selon I'une quelconque des revendications
13 a 15, comprenant, en outre, I'étape consistant a
détecter l'article (12) lors de son passage dans la
trajectoire de projection, pour actionner ainsi un
contrdleur (36) pour initier la séquence de dépb6t de
revétement prédéterminée.

Procédé selon I'une quelconque des revendications
13 a 16, comprenant, en outre, I'étape consistant a
mesurer la vitesse a laquelle I'article (12) se dépla-
ce dans la trajectoire de projection et le long de la
trajectoire de transport, et a entrer la vitesse mesu-
rée dans un contréleur (36) pour contréler la sé-
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quence de dépbt de revétement prédéterminée.
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