Europdisches Patentamt
0’ European Patent Office

Office européen des brevets

0 253 177
A2

@ Publication number:

® EUROPEAN PATENT APPLICATION

@) Application number: 87109249.0

@) Date of filing: 26.06.87  *

& Int. 1.+ BO5B 7/14

&) Priority: 10.07.86 US 884159

Date of publication of application:
20.01.88 Bulletin 88/03

Designated Contracting States:
CHDEFRGB IT LI

@ Applicant: THE PERKIN-ELMER CORPORATION
761 Main Avenue
Norwalk Connecticut 06856-0181{US)

@ Inventor: Spauiding, Mark F.
6 Taylor Commons
Yaphank New York 11967(US)
inventor: Hain, Gunther
33 Buckingham Drive
Dix Hills New York 11746(US)

Representative: Patentanwilte Griinecker,
Kinkeldey, Stockmair & Partner
Maximilianstrasse 58
D-8000 Miinchen 22(DE)

@ Multiple outlet powder pickup system for thermal spray guns.

@‘ In carrying out the invention, there may be pro-
vided a powder pick-up system for thermal spray
guns comprising an enclosed hopper for a powder to
be thermally sprayed in loose particulate form, a
feed gas conduit adapted to discharge a regulated
amount of feed gas under pressure into the hopper,
a unitary carrier conduit structure powder pickup
device having a single carrier gas inlet and a plenum
connected to said inlet with a plurality of separate
carrier gas bores connected fo receive gas from said
plenum, separate outlet connections from each of
said bores for separate delivery of gas-entrained
powder to at least one spray gun, said conduit

@\Istructure including at least one opening through a
< wall thereof from each of said bores into the interior
of said hopper for picking up powder therefrom.
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MULTIPLE OUTLET POWDER PICKUP SYSTEM FOR THERMAL SPRAY GUNS

This invention relates to a powder pickup and
feeding system for thermal spray guns.

Background of the Invention

Thermal spraying, sometimes also referred fo
as flame spraying, involves the heat-softening of a
heat-fusibie material, such as a metal or ceramic
and the propelling of the softened material in par-
ticulate form against a surface to be coated to
which the heat-fusible material bonds. A flame
spray gun is usually used for this purpose and the
heat-fusible material may be supplied in powder
form to the gun. The powder is of quite small
particle size, e.g. below about 100 mesh U. S.
Standard screen size, and as small as one micron,
and is difficult o meter and control. :

A flame spray gun normally utilizes a combus-
tion or plasma flame to effect melting of the pow-
der, but other heating means, such as electric arcs,
resistance heaters or induction heaters can aiso be
used, alone or in combination. In a powder-type
combustion flame spray gun, the carrier gas for the
powder can be one of the combustion gases or
compressed air. In a plasma flame spray gun the
carrier gas is generally the same as the primary
plasma gas, although other gases such as hy-
drocarbons are used in special cases.

To obtain high quality coatings, it is necessary
to accurately control the rate of the powder fed
through the gun and to maintain the rate constant
for a given set of spray conditions. The fine powder
used is very difficult to handie and to feed with any
uniformity into a carrier gas.

An some applications of thermal spraying, it is
important to provide powder by means of a carrier
gas through more than one conduit, the multiple
conduits being fed to a single spray gun or to
separate spray guns to provide a greater flow rate
of powder for coating, or to provide for concurrent
application of the coating at different positions on
the article to be coated. One of the most important
requirements for such a system is that the powder
flow through the multiple conduits must be sub-
stantially equal.

Under prior practice, when there has been
such a need, it has been common to simply pro-
vide a complete duplication of powder feed appara-
tus, including separate supply hoppers, with a sin-
gle powder pickup device in each hopper. With
such an arrangement, it is difficult to provide for
equal flows. To fry to provide equal fiows, and to
reduce the complexity of the apparatus, it is ad-
vantageous, if possible, to provide for a single
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hopper with multiple powder pickups and delivery
conduits  associated with that one tank. Various
efforts have been made to provide such a powder
feed structure. For instance, see U. S. Patent
3,826,540 issued to Frederick K. Jensen and U. S.
Patent 4,262,034 issued to Dennis Andersen and U.
S. Patent 4,582,254 issued fo Anthony J. Rotolico.
However, in sach of these systems, the entire
powder feed hopper and associated structure is
completely different from a corresponding hopper
and structure which is adapted for a single powder
pickup. Thus if single powder pickup is desired all
but one pickup tube may be removed, but this can
result in uneven wear of the pickup orifices by the
powder; i.e., greater wear of the one remaining in
use; and, therefore, uneven pickup rate when the
multiple pickups are again installed.

It is an important object of the present inven-
tion to overcome each of the above-mentioned
problems and to achieve the advantages of as-
sured matching of the multiple sets of conduits in a
multiple outlet powder pickup system from a single
hopper.

Another object of the invention is to provide for
greater convenience and economy and simplicity in
multiple outlet powder pickup systems by providing
a unitary muitiple outlet powder pickup element
structure having a piurality of separate carrier gas
bores which is interchangeable with a single bore
powder pickup within a powder delivery tank struc-
ture designed for a singie conduit.

Another object of the invention is to provi an
improved powder pickup system incorporating a
carrier conduit structure having a single carrier gas
inlet and an interior plenum connected to a plurality
of separate carrier gas bores for delivery to sepa-
rate outlet connections.

Another object of the invention is fo provide a
multiple bore powder pickup element structure
which provides maiched pickups with closely
spaced inlets in order o assure balanced delivery
of powdered coating materials.

Further objects and advantages of the invention

will be apparent from the following description and _

the accompanying drawings.

Summary of the Invention

In carrying out the invention, there may be
provided a powder pick-up system for thermal
spray guns comprising an enclosed hopper for a
powder to be thermally sprayed in loose particulate
form, a feed gas conduit adapted to discharge a
regulated amount of feed gas under pressure into
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the hopper, a unitary carrier conduit- structure pow-
der pickup device having a single carrier gas inlet
and a plenum connected to said inlet with a plural-
ity of separate carrier gas bores connected to
receive gas from said plenum, separate outlet con-
nections from each of said bores for separate deliv-
ery of gas-entrained powder to at least one spray
gun, said conduit structure including at least one
opening through wall thereof from each o said
bores into the interior of said hopper for picking up
powder therefrom.

Brief Description of the Drawings

Figure 1 is a perspective view of a preferred
embodiment of the invention including a schematic
showing of two conduits to carry a supply of gas
entrained powder through to a thermal spray gun.

Figure 2 is a side view, partially in section,
of the embodiment of Fig. 1.

Figure 2A is an enlarged sectional detail of
the lower portion of the apparatus of Fig. 2 illustrat-
ing dstails of a unitary carrier conduit structure
powder pickup device which forms a part of the
invention. .

) Figure 3 is an enlarged top view, partly in
section, of the powder pickup device as illustrated
in Figs. 1, 2 and 2A.

Figure 3A is an end view showing further
details of the entrance end of the powder pickup
device of Fig. 3.

Figure 4 is an enlarged top view, parily in
section, of a modified embodiment of the powder
pickup device of Fig. 3.

Description of Preferred Embodiments

Referring more particularly to Fig. 1, there is
shown a powder pickup system for thermal spray
guns which includes an enclosed hopper 10 for
powder to be thermally sprayed in ioose particulate
form by a spray gun schematically illustrated at 12.
The system is provided with gas under carefully
controlled pressure and with carefully controlled
flow rates by gas delivery and control apparatus,
not shown. Such apparatus may be combined with
other controls for the spray gun 12,

Figure 2 is a side view, partly in section, of the
system of Fig. 1. As shown more clearly in Fig. 2,
the system includes a feed gas conduit connection,
indicated at 14, which is adapted to introduce a
regulated amount of feed gas under pressure into
the hopper 10. ’
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Included in the system is a unitary carrier
conduit structure powder pickup device 16 which
receives carrier gas from a single carrier gas inlet
18, as shown in Fig. 2. As shown most clearly in
Fig. 1, the unitary carrier conduit structure 16 in-
cludes separate outiet connections, indicated as 20
and 22 for separate delivery of gas entrained pow-
der to a spray gun indicated schematically at 12
through extended conduits indicated schematically
at 24 and 26. The separate outlet connections are
preferably from separate tubes 28 and 30 which
define separate bores for the separate delivery of
gas entrained powder.

Figure 2A is an enlarged detail view showing a
cross section of the lower housing of the hopper
structure 10 of Figs. 1 and 2.

As shown more clearly in the sectional views of
Figs. 2 and 2A, the tubes 28 and 30 extend
through a flanged hub 32 and into an inlet coupling
34. The entire unitary carrier conduit structure fits
within a housing bore, and the inlet coupling 34
includes a ring seal 38 which provides a gas-tight
seal with the interior surface of the housing bore.
The seal 36 and the axial end face of the inlet
coupling 34 and the walls of the housing bore
together form a plenum for the supply of gas under
pressure from the single inlet 18 to both of the
carrier gas bores of the tubes 28 and 30. The
structure of the inlet coupling 34 is more clearly
shown in Figs. 3 and 3A and described further
below in connection with those figures.

Each of the tubes 28 and 30 includes an open-
ing through the tube wall, as indicated at 38 in tube
28 and 38A in-tube 30 for the introduction of gas
entrained powder from the hopper.

As shown in Figs. 2 and 2A, the hopper struc-
ture preferably includes a porous disk-shaped
member 40 at the gas inlet to the bottom of the
hopper from the inlet connection 14 to diffuse the
feed gas into the hopper and to block backflow of
powder into the feed gas conduit in the absence of
feed gas flow. The feed gas supplied through the
inlet 14 and the porous member 40 fluidizes pow-
der in the bottom part of the hopper, preferably
fluidizing only a portion of the powder near open-
ings 38 and 38A. A part of that fluidized powder is
aspirated through the wall opening 38 into the bore
of the tube 28. It will be understood that an open-
ing corresponding to opening 38 is provided in
tube 30 (Fig. 3), but tube 30 is not visible in Figs. 2
and 2A, since it is obstructed by tube 28. In order
to enhance the movement of powder down through
the hopper 10 and the fluidization of the powder,
the hopper is preferably provided with a vibrator
motor in the bottom of the hopper housing as
indicated at 42.
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The hopper 10 is preferably provided with a
removable cover 44 for convenience in refilling the
hopper (Fig. 1). The cover 44 preferably includes a
gas inlet fitting 46 through which pressurizing gas
may be added at the top of the hopper so that the
pressurization of the entire volume of the hopper
need not be provided solely from the inlet 14. This
speeds up the initial startup of operations after the
hopper has been previously depressurized.

Referring more particularly to Fig. 3; there is
shown a top view, partially in section, of the unitary
carrier conduit structure 16. The respective tubes
28 and 30 are sectioned, and the opening 38
through the bottom of the wall of the tube 28 is
clearly shown, as is the corresponding opening
38A in tube 30. The inlet coupling 34 is also
sectioned in order to more clearly show the struc-
ture of that coupling, and particularly the structure
of the axial end face of that inlet coupling. As
illustrated in Fig. 3, the two tubes 28 and 30 are
securely attached together by the end coupling 34
and the flanged hub 32 {o form the unitary carrier
conduit structure {(powder pickup device).

The iniet coupling member 34 includes an axial
end face 48 which is recessed in an axial direction,
the end face including an axially extended rim
portion 50 fo partially define the plenum and to
assure a minimum axial dimension for the plenum.

Fig. 3A is a left end view of the structure
illustrated in Fig. 3, which more clearly shows the
recessed face 48, the rim portion 50 and the bore
openings from the face 48 inio the respective tubes
28 and 30.

Fig. 3B is an enlarged detail, partly in section,
showing the preferred construction of the inlet cou-
pling portion of the powder pickup device of Fig. 3.
The undercut tips of the ends of the tubes 28 and
30 extending into the associated recesses in the
end coupling 34 permit space for brazing material
by which the parts are permanently joined.

The above-described embodiment of a powder
pickup device is preferably utilized in conjunction
with a powder feed system of the general type
disciosed in U. S. Patent 4,561,808 issued Decem-
ber 31, 1985 to Mark F. Spaulding et al for a
"POWDER FEED PICKUP DEVICE FOR THER-
MAL SPRAY GUNS", and assigned to the same
assignee as the present application.

Figure 4 is a top view corresponding to the
view of Fig. 3 and illustrating a modified embadi-
ment of the unitary carrier conduit structure powder
pickup device which incorporates further principles
taught in the aforementioned U. 8. Patent
4,561,808. In this embodiment, instead of providing
a single wall opening in the bottom of each tube,
two side wall openings are provided in each tube
which are arranged substantially horizontally, as
indicated at 52 and 54 for tube 28A, and at 56 and
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58 for tube 30A. In accordance with the teachings
of the prior above-mentioned patent application, the
ports 52-58 are each directed at an acute angie
with respect to the axis of the bore. As illusirated in
the drawing, the angle of each of the openings 52-
58 is slanted back towards the inlet end of the
powder pickup device. The angle that each open-
ing port 52-58 makes with the associated axis of
the tube is preferably about 45 degrees. The mem-
bers of each pair of ports are substantially parallel
to one another. The separation between the adja-
cent ports 52-54 and 56-58 is preferably between
about one and about ten times the average diam-
eter of the tube bore where the openings intersect
with the tube bore.

An additional feature of each fube in accor-
dance with the teachings of the above-mentioned
patent 4,561,808 is that there is provided a con-
stricted section of the tube downstream from the
inlet ports 52-58. That constriction is indicated at
60 in tube 28, and at 62 in tube 38. Beyond the
restricted portions 60 and 62, on the downstream
side, each bore increases again in a stepwise man-
ner, to the original bore size, as indicated at 64 and
66. It will be understood that the constrictions 60
and 62 are exaggerated in the drawing of Fig. 4 in
order to promote clarity in the presentation of the
principles involved.

In accordance with the teachings of the afore-
mentioned U. S. Patent 4,561,808, this arrange-
ment provides for a substaniially increased uni-
formity in powder pickup and delivery, especially
with materials which are difficult to feed.

It should be understood that each of the tubes
28,30 and 28A,30A of both embodiments may be
relatively thick-walled tubes as illustrated in Fig.
3B, having relatively thicker walls than indicated by
the other drawings. The structures are shown with
relatively thin walls in the other drawings in order to
promote an understanding of the invention and to
present the details with greater clarity. The greater
wall thickness is pariicularly important in connec-
tion with the embodiment of Fig. 4 since the length
of the passages of the ports 52-58 is important in
conjunction with the rest of the geometry of the
structure in promoting the desired result.

When in use, each of the powder pickup de-
vices (18, 16A) of the invention is firmly secured in
the associated hopper housing siructure by means
of the flange portion of the flanged hub 32. The
flanged portion is secured to the hopper body by
means such as threaded screw fastenings which
are inserted through the openings indicated at 68
and 70 in Fig. 3A. The openings 68 and 70 are
purposely positioned at an angle of less than 180
degrees away from one another with respect to the
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center of the structure so that it will be apparent to '

the operator that there is only one correct vertical
alignment of the powder pickup device in the as-
sembled position.

Generally each of the powder entrainment
opening$ in tubes 28, 30 and 28A, 30A should
open generally downwardly to prevent excessive
influence by gravity on the flow, but the orifice
opening need not point straight down. It is pre-
ferred that the geometric design and arrangement
of the orifice be such that there is no gravity flow of
the powder through the orifice into the carrier gas
stream in the absence of fluidizing gas flow. Thus,
in some cases, the orifice can be side-facing or
even partially upwardly facing. For example, the
orifice can be in a relatively thick tube wall, or can
consist of a short length of tube extending side-
ways to prevent the powder, with its particular
angle of repose, from entering the conduit. Alier-
natively, the openings may be upwardly directed
with a shed interpose in spaced relationship above
each opening to prevent gravity flow of powder into
the openings as described in aforementioned U. S.
Patent 4,582,254.

The hopper 10 and the associated housing,
including the lower housing portion containing the

.housing bore into which the powder pickup device

is fitted, is very similar to a housing which has
been used with a single bore powder pickup device
in the past, and this same housing may be em-
ployed with a single bore powder pickup device.
Accordingly, it is one of the important advantages
of the invention that a very simple conversion can
be made between a single bore powder pickup
system and a multiple bore powder pickup system
by interchanging multiple and single bore powder
pickup elements in the same hopper structure. The
same single inlet connection 18 may be employed
with either powder pickup device, and it is only
necessary to deal with the change between one
and two powder outlets in terms of required
changes in powder conduit connections.

Also, since both tubes 28, 30 or 28A, 30A are
always used simuitaneously, any wear of the holes
38, 38A or 52-58 by abrasive powder will be uni-
form among the holes. Therefore, uniform power
pickup by both tubes can be expected.

Another major advantage of the invention is
that the two powder pickup elements formed by the
two tubes 28 and 30 are very closely positioned
together within the hopper so that they both pick
up fluidized powder from the hopper at substan-
tially the same position within the hopper. This
leads to substantial uniformity of the mixture of gas
and powder in the iwo conduits. That condition
promotes high quality coatings in the operation of
the thermal spray gun 12.
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While this invention has been shown and de-
scribed in connection with particular preferred em-
bodiments, various alterations and modifications
will occur to those skilled in the art. Accordingly,
the following claims are intended to define the valid
scope of this invention over the prior art, and to
cover all changes and modifications falling within
the true spirit and valid scope of this invention.

Claims

1. A powder pickup system for thermal spray
guns, comprising:

an enclosed hopper for a powder o be thermally
sprayed in loose particulate form;

a feed gas conduit adapted to discharge a regu-
lated amount of feed gas under pressure into the
hopper; and

a unitary carrier conduit structure powder pickup
device having a single carrier gas inlet and a
plenum connected to said inlet with a plurality of
separate carrier gas bores connected o receive
gas from said plenum, separate outlet connections
from each of said bores for separate delivery of
gas-entrained powder to at least one spray gun,
said conduit structure including at least one open-
ing through a wall thereof from each of said bores
into the interior of said hopper for picking up pow-
der therefrom.

2. A system as claimed in Claim 1 wherein the
number of separate carrier gas bores provided in
said unitary carrier conduit structure is two.

3. A system as claimed in Claim 2 wherein
said separate carrier gas bores are defined by
separate tubes which are attached together.

4. A system as claimed in Claim 3 wherein
said tubes are arranged at the same elevation in a
parallel configuration and said opening through the
wall of said conduit structure form each of said
bores into the interior of said hopper for picking up
powder compriges a single hole in the bottom of
each tube into the associated bore defined by each
tube.

5. A system as clanmed in Claim 3 wherein
said tubes are arranged at the same elevation in a
parallel configuration, and wherein a plurality of
openings are provided through the wall of each
tube from each of said bores into the interior of
said hopper for picking up powder therefrom, said
plurality of openings for each tube being arranged
between downwardly and substantially horizontally
in each tube on the side of each tube opposite to
the other tube of said unitary carrier conduit struc-
ture.
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6. A system as claimed in Claim 5 wherein
said plurality of openings in the side of each tube
consists of two openings, and wherein said open-
ings extend substantially horizontally and substan-
tially parallel to one another through the wall of the
associated tube and at an acute angle to the direc-
tion of travel of the carrier gas through the asso-
ciated tube.

7. A system as claimed in Claim 6 wherein a
partial constriction is provided within the bore of
each tube downstream from said side openings.

8. A system as claimed in Claim 7 wherein the
separation between said openings in each of said
tubes is between about one and about ten times
the average diameter of the iube bore where the
openings intersect with the tube bore.

9. A system as claimed in Claim 6 wherein the
acute angles of said openings are each about forty
five degrees.

10. A system as claimed in Claim 1 wherein
said feed gas conduit is connected to discharge
feed gas into said hopper at a position below the
normal minimum level of the powder within the
hopper.

11. A system as claimed in Claim 2 wherein
said hopper includes a lower housing portion, said
lower housing portion including a single horizontal
housing bore extending therethrough to accom-
modate said unitary carrier conduit structure, and
further including a fluid conduit fitting connected to
the inlet side of said housing bore, said unitary
carrier conduit structure being adapted to fit into
said housing bore and exiending across the interior
of said lower housing portion, the inlet end of said
carrier conduit structure including a sealing means
and being adapted to estabiish a seal with the
interior walls of said housing bore and {o form and
define said plenum in cooperation with the interior
of said housing bore and said inlet fitting, the inlet
end of said unitary carrier conduit structure includ-
ing an axial end face, said axial end face including
two openings from said plenum into said respective
carrier gas bores of said unitary carrier conduit
structure.

12. A system as claimed in Claim 11 wherein
said axial end face of said inlet end of said unitary
carrier conduit structure which contains said open-
ings into said separate carrier gas bores is re-
cessed in an axial direction and includes an axially
extending rim portion to partially define said ple-
num and to assure a minimum axial dimension for
said plenum.

13. A unitary carrier conduit structure powder
pickup device for use in a powder pickup system
for thermal spray guns in conjunction with an en-
closed hopper for a powder 0 be thermally
sprayed in loose particulate form, the carrier con-
duit structure having a single carrier gas inlet
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adapted to form a pienum with a plurality of sepa-
rate carrier gas bores connected to receive gas
from the plenum, said conduit structure including
separate outlet connections from each of said
bores for separate delivery of gas-entrained pow-
der to at least one thermal spray gun, said conduit
struciure including at least one opening through a
wall thereof from each of said bores for opening
into the interior of an enclosed hopper for picking
up powder therefrom.

14. A carrier conduit structure as claimed in
Claim 13 wherein two of said separate carrier gas
bores are provided and are defined by separate
tubes which are attached together.

15. A carrier conduit structure as claimed in
Claim 14 wherein said tubes are arranged to be
positioned at the same elevation in a parallel con-
figuration and said opening through the wall of said
conduit structure from each of said bores for pick-
ing up powder comprises a single hole in the
bottom of each tube into the associated bore de-
fined by each tube.

16. A carrier conduit structure as claimed in
Claim 14 wherein said tubes are arranged to be
positioned at the same elevation in a parallel con-
figuration, and wherein a plurality of openings are
provided through the wall of each tube from each
of said bores for picking up powder, said plurality
of openings for each tube being arranged between
downwardly and substantially horizontally in each
tube on the side of each tube opposite to the other
tube of said unitary carrier conduit structure.

17. A carrier conduit structure as claimed in
Claim 16 wherein said plurality of openings in the
side of each tube consists of two openings, and
wherein said openings extend substantially horizon-
tally and substantially paraliel to one another
through the wall of the associated tube and at an
acute angle to the direction of travel of the carrier
gas through the associated tube.

18. A system as claimed in Claim 17 wherein a
partial constriction is provided within the bore of
each tube downstream from said side openings.

19. A carrier conduit structure as claimed in
Ciaim 14 wherein the inlet end of said carrier
conduit structure partiaily forms and defines said
plenum, said inlet end of said unitary carrier con-
duit structure including an axial end face, said axial
end face including two openings from said plenum
into said respective carrier gas bores of said uni-
tary carrier conduit structure.

20. A carrier conduit structure as claimed in
Claim 19 wherein said axial end face of said inlet
end of said unitary carrier conduit structure which
contains said openings into said separate carrier
gas bores is recessed in an axial direction and
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includes an axially extending rim portion to partially
define said plenum and to assure a minimum axial

dimension for said plenum.
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