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[57] ABSTRACT 

A powder spray gun which, in the presently preferred 
embodiment, is particularly adapted for spraying a par 
ticular powder spray onto the interior surfaces of con 
tainers and other target objects in a con?ned area. The 
apparatus includes a rigid tubular support member and 
a ?exible powder transport tube. The rigid support 
member carries a high voltage cable having a charging 
electrode at one end. The ?exible tube terminates in a 
discharge nozzle which may be adjustably mounted to 
the support member adjacent the charging electrode so 
as to permit variation of the angle at which the powder 
is released from the nozzle relative to the longitudinal 
axis of the support member. Intermediate the discharge 
nozzle and an upstream portion of the powder transport 
tube which is connected to the support member, the 
?exible tube is smoothly curved so as to prevent any 
sharp corners in the transport tube or the nozzle within 
which powder could collect and interrupt smooth, even 
discharge of powder from the gun. 

6 Claims, 1 Drawing Sheet 
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ADJUSTABLE POWDER SPRAY GUN 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

BACKGROUND OF THE INVENTION 

This invention relates to powder spray systems, and, 
more particularly, to an apparatus which, in the pres 
ently preferred embodiment, is operable to apply a solid 
particulate powder coating to the interior surface of a 
target object. 
Powder coating materials are commonly used to coat 

or paint objects in industrial ?nishing applications. In 
such applications, a powder material, such as epoxy, 
polyester or porcelain frit, is conveyed to an applicator 
gun by air under pressure, and is ejected from the nozzle 
of the gun while entrained in an air stream. Quite com-' 
monly, an electrical charge is imparted to the powder as 
the air entrained powder is dispensed from the gun. This 
charge causes the powder to be electrostatically at 
tracted toward the object to be coated which is gener 
ally at electrically ground potential. After coating, the 
object is usually moved into an oven where the powder 
coating material is melted and baked onto the coated 
surface. 

In addition to providing a surface ?nish to objects, 
powder coatings have also been applied for other pur 
poses, as for example, as lubricants in particulate pow 
der form upon the surfaces of mold cavities to obtain a 
smooth, continuous surface on the molded part. 
Powder spray guns used for spraying solid particulate 

powder materials generally include a handle connected 
to a barrel having a nozzle assembly at one end. The 
barrel is formed with a powder delivery passageway for 
transporting solid particulate powder to the nozzle 
assembly, and a passageway in which a high voltage 
cable is disposed which terminates with a charging 
electrode at the nozzle assembly. The solid particulate 
powder entrained in a stream of air ?ows through the 
powder passageway in the barrel along a path substan 
tially parallel to its longitudinal axis, and then exits the 
barrel through the nozzle assembly where an electro 
static charge is irnparted to the particulate powder by 
the charging electrode. One example of powder spray 
guns of this type is disclosed in the assignee’s US. Pat. 
No. 4,380,320. 

Standard powder spray guns such as described above, 
generally release the particulate powderfrom the noz 
zle assembly along an axis generally parallel to the di 
rection of flow of the powder through the powder 
delivery passageway in the gun barrel. In some cases, a 
de?ector is mounted in the nozzle assembly of the gun 
which contacts the stream of powder and de?ects it at 
an angle to form a conical shaped spray pattern directed 
toward the surface of the object to be coated. Even 
with the spray pattern altered in this manner, the gen 
eral direction of the powder spray is parallel to the 
longitudinal axis of the gun barrel. It has been found 
that in some applications, space limitations make it diffi 
cult to effectively coat the entire surface area of a target 
object with conventional powder spray guns. For ex 
ample, the interior corners of closed rectangular or 
square boxes can be difficult to completely coat with 
known powder spray guns. If space limitations do not 
permit the barrel of the gun to be tilted so that the 
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nozzle can be movably directed at different areas of a 
box interior, the interior corners of a box cannot be 
completely coated. This is because the spray pattern of 
conventional powder spray guns is directed parallel to 
the longitudinal axis of the gun barrel and not at varying 
angles relative to its longitudinal axis. 

Modi?cations of known powder spray guns have 
been made to obtain complete coating of the interior 
surfaces of containers and other applications where 
space limitations restrict movement of the spray gun. In 
one design, the end of the gun barrel is turned upwardly 
at a sharp 90° angle so that the nozzle discharges the 
particulate powder material perpendicularly relative to 
the longitudinal axis of the powder delivery passage 
way in the gun barrel. The problem with this design is 
that powder becomes entrapped and collects in the 
sharply angled bend of the gun barrel which causes 
clogging of the powder flow and results in the dis 
charge of an uneven spray pattern of powder from the 
nozzle. 

In an attempt to solve this problem, powder spray 
guns have been provided with a tubular extension hav 
ing an inlet end adapted to ?t onto the nozzle end of the 
gun barrel and an outlet end adapted to spray the pow 
der material onto a target object. These extensions are 
gradually bent or curved between their inlet and outlet 
ends so that the outlet end is disposed approximately 
perpendicularly relative to the inlet end and the longitu 
dinal axis of the powder delivery passageway in the gun 
barrel. Curved powder spray gun extensions reduce the 
powder clogging problems encountered with sharp 90° 
bends in the powder ?ow path, but the extensions are 
incapable of permitting adjustment of the angle or di 
rection in which the particulate powder material is 
released from their discharge end. While discharge of 
the powder material from the extension at an angle of 
90° relative to the longitudinal axis of the barrel permits 
coating of a portion of the interior surfaces of a target 
object which cannot be reached with conventional 
spray guns, other angular positions of the barrel exten 
sion may be necessary to completely coat other portions 
of the interior of the same object or a different target 
object. Several extensions could be formed at angles 
other than 90°, but this would require a manufacturer to 
stock a number of individual extensions having different 
angles to completely coat the interior surfaces of one or 
more target objects. 

It has therefore been an objective of this invention to 
provide a powder spray gun capable of spraying solid 
particulate powder material entrained in a stream of air 
over the entire interior surface of containers or over the 
surface of target objects in a con?ned area. 

SUMMARY OF THE INVENTION 

The powder spray gun of this invention which ac 
complishes this objective includes a support member 
having a longitudinal axis, a nozzle mounted upon the 
support member and being formed with a flow passage 
having an inlet at one end and a discharge ori?ce at the 
other end, a charging electrode mounted to the support 
member adjacent the discharge orifice of the nozzle, 
and a flexible powder transport tube for transmitting 
particulate powder material to the nozzle. The ?exible 
tube has an upstream portion connected to the [support 
member] mounting block and a discharge end con 
nected to the inlet end of the nozzle. Powder conveyed 
by the flexible tube to the nozzle is released through its 
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discharge ori?ce where it is charged by the electrode. 
The nozzle may be adapted to be adjustably oriented 
relative to the longitudinal axis of the support member 
at any desired angle so as to permit wide variation of the 
direction in which the particulate powder material is 
sprayed from the discharge charge ori?ce for com 
pletely coating the interior surfaces of a container or 
any target object. 
An advantage of this powder spray gun is that it 

enables solid particulate powder material to be sprayed 
in a uniform spray pattern from the discharge ori?ce of 
the nozzle regardless of the angle at which the nozzle is 
oriented relative to the support member. This result is 
primarily attributable to the powder transport tube 
being curved gradually between its upstream portion 
and the nozzle so that powder cannot become en 
trapped in sharp bends or curves of the tube. 
Another speci?c aspect of this invention is predicated 

upon the speci?c adjustable connection for connecting 
the nozzle at different angles with respect to the support 
member. This adjustable connection includes an elon 
gate member formed with a slot at each end, a threaded 
bore formed in each of the nozzle and support member, 
and a pair of set screws. The elongate member is posi 
tioned between the nozzle and support member so that 
one of its slots overlies the threaded bore in the nozzle 
and the other slot overlies the threaded bore in the 
support member. The set screws are then inserted 
through the slots and into the threaded bores to secure 
the support member in place and lock the nozzle in 
position relative to the ?xed support member. In order 
to change the angle between the nozzle and the support 
member, the set screws are loosened and the elongate 
member is pivoted to permit movement of the nozzle 
relative to the support member. Preferably, the nozzle is 
movable between a position generally parallel to the 
longitudinal axis of the support member, or at a 0° angle 
relative thereto, to a position wherein the nozzle is 
disposed at an acute or obtuse angle relative to the 
longitudinal axis of the support member. Therefore, the 
powder spray is adapted to be directed along or parallel 
to the longitudinal axis of the support member or at 
acute or obtuse angles relative to the longitudinal axis of 
the support member. 

Still another speci?c aspect of this invention is di 
rected to the speci?c mounting assembly for connecting 
the support member and the upstream portion of the 
powder tube. This mounting assembly comprises a 
frame member, a rod movably mounted to the frame 
member and a block which is slidable along the rod and 
releasably mounted thereto. The upstream portion of 
the powder tube and one end of the support member are 
mounted to the block and movable therewith along the 
rod. The frame member which carries the rod and block 
is movable toward and away from the object to be 
coated and is pivotal 360° about an axis substantially 
parallel to the longitudinal axis of the support member 
to permit the nozzle release ori?ce to be movably di 
rected at different portions of the interior surface of the 
target object to assure complete coating with the partic 
ulate powder material. 

Still another aspect of this invention is directed to the 
nozzle ori?ce con?guration and the orientation of that 
nozzle ori?ce. We have found that if the ori?ce [or] of 
the nozzle is rectangular in con?guration, and if that 
rectangular ori?ce is oriented normally or perpendicu 
lar to a plane containing the powder transport tube, the 
resulting discharge of particulate powder material from 
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4 
the gun is more evenly distributed within the stream of 
air than when a conventional circular powder discharge 
ori?ce is utilized. 
The powder spray gun of this invention achieves 

uniform powder coating in applications such as the 
interior surfaces of containers and the surfaces of mold 
cavities, wherein severe space limitations restrict ma 
nipulation of the gun. Unlike the barrels or barrel exten 
sions of known powder spray guns, the nozzle con 
nected to the powder tube of this invention is adapted to 
direct the powder spray at varying angles relative to the 
longitudinal axis of the support member or barrel which 
carries the high voltage cable and charging electrode. 
By adjusting the connection between the nozzle and 
support member of this invention, the powder spray can 
be directed at acute or obtuse angles relative to the 
longitudinal axis of the support member without the 
placement of any sharp corners in the flow path of the 
nozzle. This permits complete coverage of the interior 
comers and surfaces of a closed container, and various 
other hard to reach areas on the exterior or interior 
surfaces of target objects. Importantly, the relative 
angle between the charging electrode carried by the 
support member, and the nozzle mounted to the powder 
tube, can be ?eld adjusted by the operator to accommo 
date different objects to be coated or different areas of 
a single object. 

DESCRIPTION OF THE DRAWINGS 

The structure, operation and advantages of this in 
vention will become further apparent upon consider 
ation of the following description taken in conjunction 
with the accompanying drawings, wherein: 
FIG. 1 is a schematic, perspective view of the pow 

der spray apparatus of this invention; and 
FIG. 2 is a plan view of the nozzle and charging 

electrode portion of the apparatus herein. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The powder spray apparatus 10 of this invention 
comprises a mounting assembly 12, a support member 
14 ?xed to the mounting assembly 12, and a ?exible 
powder transmitting tube 16 having an upstream por 
tion 17 connected to [the support member 14] a 
mounting block 26 and a discharge end 40 connected to 
a nozzle 21. The nozzle 21 is adapted, in the presently 
preferred embodiment, to direct a solid particulate pow 
der entrained in a stream of air onto the interior surfaces 
of a target object (not shown). In order to apply a uni 
form and complete coating of a solid particulate powder 
to all interior surfaces of an object, the mounting assem 
bly 12 is movable longitudinally and rotatably relative 
to the object, and the direction at which the powder 
coating is discharged upon the object from the nozzle 
21 may be angularly adjusted as described in detail 
below. 
The mounting assembly 12 comprises a Z-shaped 

frame member 18 having a section [21] + 23 formed 
with a bore 20 which is adapted to receive a rod 22 
slidable therealong and generally perpendicularly to 
section [21] 23. A set screw 24 is inserted into frame 
member 18 and engages rod 22 to secure it in a desired 
position along section [21] 23. A mounting block 26 is 
slidable along the rod 22, and is locked in place at a 
desired position therealong by a set screw 28. The frame 
member 18, rod 22 and mounting block 26 are movable 
as a unit longitudinally and rotatably relative to the 
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longitudinal axis of section [21] 23 of the Z-shaped 
frame member 18. As discussed below, such movement 
of mounting assembly 12 permits the support member 
14 and the nozzle [19] 21 to be positioned at differing 
portions of the interior surfaces of the object to be 
coated for complete application of the solid particulate 
powder thereto. 
The support member 14 is preferably a rigid tube 

having a longitudinal axis which is formed of a non-con 
ducting, substantially rigid material such as plastic. The 
support member 14 is mounted at one end to the mount 
ing block 26 and extends outwardly therefrom so that 
its longitudinal axis is generally perpendicular to rod 22 
and parallel to the longitudinal axis of frame section 
[21] 23. A high voltage cable 30 is carried within the 
support member 14 and connects at one end to a power 
supply 32. The opposite end of cable 30 extends through 
the support member 14 to its outer end 15 where it 
connects the power supply 32 to a powder charging 
electrode 34. The charging electrode 34 extends out 
wardly from the outer end 15 of support member 14 
immediately adjacent the nozzle 21. 
The ?exible powder tube 16 is formed with an inlet 

end (not shown) connected to a powder pump 36, an 
upstream portion 17 mounted to the mounting block 26 
and a discharge end 40. The powder tube 16 is adapted 
to convey solid particulate powder entrained in a 
stream of air from the powder pump 36 to its discharge 
end 40. The nozzle 21, having a ?ow passage 44 termi 
nating at one end in an inlet port 46 and at the opposite 
end in a smaller sized discharge ori?ce 48, is connected 
at its inlet port 46 to the discharge end 40 of the powder 
tube 16. Preferably, the discharge ori?ce 48 of nozzle 21 
is rectangular in con?guration for purposes to become 
apparent below. The nozzle 21 is connected to the outer 
end 15 of support member 14 so that its discharge ori 
?ce 48 is disposed immediately adjacent the charging 
electrode 34. An electrical charge is imparted to the 
particulate powder material exiting discharge ori?ce 48 
by the charging electrode 34 so that it will be electro 
statically attracted to the target object which is held at 
electrically ground potential. 

In accordance with an important feature of this in 
vention, [,1 in the preferred embodiment, the nozzle 
21 is adapted to be mounted at varying angular positions 
relative to support member 14 by an angle adjustment 
element 50. Alternatively, nozzle 21 can be mounted at 
a ?xed angle with respect to support member 14. Ad 
justment element 50 is an elongate member formed with 
a slot 52 at one end and slot 54 at the opposite end. A 
threaded bore is formed in the nozzle 21 and a second 
threaded bore is formed in the support member 14, 
which bores are adapted to receive set screws 60, 62, 
respectively. The nozzle 21 is connected to the support 
member 14 by placing the adjustment element 50 be 
tween the nozzle 21 and support member 14 so that its 
slot 52 overlies the bore in nozzle 21 and its slot 54 
overlies the bore in support member 14. The set screws 
60, 62 are then inserted through the slots 52, 54 and into 
the bores to secure the adjustment element 50 in place 
and thereby mount the nozzle 21 in position relative to 
the ?xed support member 14. In FIG. 1, the nozzle 21 is 
oriented relative to the support member 14 so that the 
path of the powder material through flow passage 44 
and out of discharge ori?ce 48 is substantially perpen 
dicular or at a 90° angle relative to the longitudinal axis 
of the support member 14. The angle between the pow 
der flow path within flow passage 44 of nozzle 21 and 
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6 
the longitudinal axis of support member 14 may be 
adjusted within the range of about 0° to 90'' by loosen 
ing set screws 60, 62 and sliding the nozzle 21 along slot 
52 and/or sliding the adjustment element 50 along the 
set screw 62 of support member 14. At any angular 
position of nozzle 21 relative to support member 14, the 
discharge ori?ce 48 of nozzle 21 is disposed immedi 
ately adjacent the charging electrode 34 to assure that a 
charge is imparted to the solid particulate powder exit 
ing the discharge ori?ce 48. 
An important advantage of this invention is that the 

solid particulate powder may be directed through the 
discharge ori?ce 48 of nozzle 21 at varying angles rela 
tive to the longitudinal axis of support member 14 while 
still providing a substantially uniform and even spray 
pattern upon the target object. In FIG. 1, the flow path 
of the powder through ?ow passage 44 and discharge 
ori?ce 48 is generally perpendicular to the longitudinal 
axis of support member 14 so that the particulate pow 
der material is sprayed directly upwardly in the plane of 
the drawing from the discharge ori?ce 48. This enables 
a uniform coating of powder to be applied to such areas 
as the interior corners and surfaces of a container. By 
adjusting the angular position of the nozzle 21 and its 
discharge ori?ce 48 relative to the longitudinal axis of 
support member 14, as described above, the solid partic 
ulate powder can be applied to other hard to reach areas 
of target object. This adjustment can be easily made in 
the ?eld by the operator of apparatus 10 by simply 
loosening the set screws 60, 62 and positioning the noz 
zle 21 as desired. 

In order to obtain a uniform spray pattern of solid 
particulate powder from the discharge ori?ce 48 at 
various angles of nozzle 21, the powder tube 16 is 
smoothly curved between its upstream portion [38] I 7 
connected to mounting block 26, and its discharge end 
40 connected to nozzle 21. Preferably, the upstream 
portion [38] 17 of the powder tube 16 is disposed 
generally parallel to the longitudinal axis of support 
member 14 to aid in even distribution of the particulate 
powder flowing Within the tube 16. The gradual curve 
of powder tube 16 helps reduce the concentration of 
solid particulates of powder which can accumulate on 
one side of the inner walls of the powder tube 16 due to 
centrifugal force. Sharply angled corners or other ob 
structions in powder tube 16 are eliminated since they 
could entrap the powder particulates and create clog 
ging or an uneven flow of powder particulates to the 
nozzle 21 as found in prior art designs. Any concentra 
tion of particulates on one wall or area of the inner 
portion of powder tube 16 which does not occur in 
redirected by the ?ow passage 44 of nozzle 21 from its 
inlet port 46 to the discharge ori?ce 48. The tapered 
shape of the flow passage 44, from a greater cross sec 
tion at inlet port 46 to a lesser cross section at discharge 
ori?ce 48, aids in uniformly distributing the powder 
particles in the air stream in which they are entrained. 
In addition, the rectangular shape of the discharge ori 
?ce 48 creates a flat or rectangular shaped spray pattern 
which further aids in producing a spray pattern in 
which the particulates are uniformly distributed. The 
connection between the nozzle 21 and discharge end 40 
of powder tube 16 assures that the discharge ori?ce 48 
of nozzle 21 is disposed substantially perpendicularly to 
a plane passing through the nozzle 21 and powder tube 
16. As a result, the powder particulates are directed 
[vertically upwardly] through the nozzle 21 at a right 
angle relative to the rectangular shaped discharge ori 
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?ce 48 regardless of the angular orientation of the noz 
zle 21 relative to support member 14. This further assists 
in producing a uniform spray pattern from the nozzle 
ori?ce 48. 
While the invention has been described with refer 

ence to a preferred embodiment, it will be understood 
by those skilled in the art that various changes may be 
made and equivalents may be substituted for elements 
thereof without departing from the scope of the inven 
tion. In addition, many modi?cations could be made to 
adapt a particular situation or material to the teachings 
of the invention without departing from the essential 
scope thereof. Therefore, it is intended that the inven 
tion not be limited to the particular embodiment dis 
closed as the best mode contemplated for carrying out 
this invention, but that the invention will include all 
embodiments falling within the scope of the appended 
claims. 
What is claimed is: 
1. Apparatus for applying a solid particulate powder 

coating to the interior surface of a target object, com 
prising: 

a mounting block; 
a hollow, rigid support member having a longitudinal 

axis, one end of said support member being 
mounted to said mounting block, the other, outer 
end of said support member mounting a powder 
charging electrode; 

a high voltage cable carried [with] within said hol 
low support member for connecting said powder 
charging electrode to a source of electrical power; 

a nozzle including a ?ow passage having an inlet port 
at one end and a discharge ori?ce at the other end, 
said inlet port receiving solid particulate powder 
and said discharge ori?ce ejecting the solid particu 
late powder in a predetermined pattern from said 
?ow passage; 

an adjustment element connected between said noz 
zle and said outer end of said support member for 
positioning said discharge ori?ce of said nozzle 
proximate said powder charging electrode to elec 
trostatically charge solid particulate powder 
ejected from said discharge ori?ce; 

means connected to said adjustment element for ad 
justing the [angle] direction of said nozzle ?ow 
passage in said nozzle relative to said longitudinal 
axis of said support member; 

a ?exible tube for transmitting solid particulate pow 
der, said ?exible tube having an upstream portion 
?xedly connected to said [support member 
mounting block and a discharge end ?xedly con 
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8 
nected to said inlet port of said nozzle ?ow pas 
sage; 

said ?exible tube being disposed in a plane oriented 
generally perpendicularly to said discharge ori?ce 
so as to direct the solid particulate powder [sub 
stantially vertically upwardly] through said noz 
zle ?ow passage; 

said ?exible tube being smoothly curved between said 
discharge end and said upstream portion so as to 
prevent powder from becoming entrapped in 
sharply angled corners of a powder ?ow path be 
tween said upstream portion of said ?exible tube 
and said discharge ori?ce of said nozzle. 

2. The apparatus of claim 1 wherein the upstream 
portion of said ?exible tube has a section which extends 
generally parallel to the longitudinal axis of said support 
member. 

3. The apparatus of claim 1 in which said nozzle is 
adapted to be adjusted to dispose said flow passage of 
said nozzle at acute or obtuse angles relative to said 
longitudinal axis of said support member. - 

4. The apparatus of claim 1 wherein: 
said adjustment element comprises an elongate mem 

ber formed with a slot at each end; 
said means connected to said adjustment element 

comprises a pair of set screws, a threaded bore 
being formed in each of said nozzle and said sup“ 
port member; 

said elongate member being positioned so that each of 
said slots therein overlies said threaded bore in one 
of said nozzle and said support member, said elon 
gate member being releasably connected to said 
nozzle and said support member by inserting said 
set screws through said slots and tightening them 
within said threaded bores, said set screws being 
adapted to be loosened to permit movement of said 
nozzle so as to dispose said flow passage thereof at 
varying angles relative to the longitudinal axis of 
said support member. 

5. The apparatus of claim 1 further including a 
mounting assembly comprising a frame member, a rod 
movably mounted to said frame member, and said 
mounting block movable along said rod, said support 
member being mounted to said mounting block so that 
said longitudinal axis of said support member is gener 
ally perpendicular to said rod, said mounting assembly 
being movable laterally and rotatably relative to an axis 
substantially parallel to the longitudinal axis of said sup 
port member. 

6. The apparatus of claim 1 in which said discharge 
ori?ce of said nozzle is formed in a generally rectangu 
lar shape for spraying said powder spray onto said tar 
get object. 

it t t * It 
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