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ABSTRACT 0F THE DISCLOSURE 

An air and liquid type electrostatic spray gun with 
concentric passages for air in the inner passage and liquid 
in the outer passage. The inner passage has a longitudinally 
adjustable conically tapered plug terminating an a flange 
actinlg to deflect air radially. There are whirler means up 
stream of the plug. 

This invention relates to improvements in electro 
static spray cooling systems in which liquid coating ma 
terial is atomized into fine particles, and the atomized 
particles are electrostatically charged and attracted to 
and deposited on an article to be coated. The invention 
relates particularly to a novel and improved air spray 
gun for atomizing the liquid coating material and con 
trolling the pattern of the atomized spray produced. 

In present day electrostatic spray coating systems, 
liquid coating materials such as paints or enamels are 
atomized into a spray finely-divided droplets, and an 
electrostatic iield is provided for attracting the atomized 
spray to the article to be coated so that the coating is de 
posited on said article with high efficiency. These electro 
static coating systems differ from each other chiefly in 
the method employed for atomizing the coating material, 
the coatinlg eiiiciency varying with the type of atomiza 
tion employed. 

In the earliest of the electrostatic coating systems, an 
electrostatic field was created between a grid electrode 
and the article to be coated, and a standard air spray 
gun was located within or proximate to the field for 
atomizing the paint. The atomized spray would become 
charged by the electrostatic field and would be attracted 
to the article to be coated, which was maintained at the 
opposite polarity. While the deposition eiiiciency of such 
systems was appreciably higher than that of a spray gun 
used without electrostatic deposition, the eliiciency was 
nevertheless lower than desired. This loss of deposition 
eñiciency resulted chiefly in the manner in which the 
air was employed for atomizing the liquid, such air being 
necessarily directed in a high velocity stream over the 
liquid so that the atomized particles and the stream of 
air left the air gun in a forward direction at high velocity. 
As a result, some of the atomized paint would be propelled 
entirely through the field without becoming charged or 
being attracted to the articles to be coated. In addition 
some atomized particles, striking the article at high 
velocity, would rebound and settle to the floor. Further, 
conventional air guns have a relatively small pattern 
of dispersion, which when coupled with the high velocity 
of the air stream would cause the coating to be con 
centrated unevenly on the coated object. 
The air spray systems described above were succeeded 

by more recent systems employing other means for atom 
izing the liquid in attempting to remedy the aforemen 
tioned difficulties. These recent systems included em 
ploying rotating centrifugal atomizers and those utilizing 
the electrostatic force of the iield for atomizing the liquid. 
The centrifugal atomizers produced a spray of atomized 
paint without great forward velocity, but with some radial 
velocity, so that deposition efficiency was increased. How 
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ever, the size of the spray particles were not readily con 
trollable, and the cost of the centrifugal atomizer ap 
paratus was relatively high. The systems which employed 
electrostatic force for atomizing the liquid proved highly 
etlicient since the atomized paint was subject to no 
physical forces for imparting to it a forward velocity. 
However, the paint spray became so highly charged that 
it was difficult, if not impossible for the field to deposit 
it within recesses and cavities or upon sharp edges of 
articles to be coated. 

It is an object of the present invention to provide in 
an electrostatic coating system, a spray gun which atomizes 
liquid coating material by the force of air passing there 
through, and yet is capable of producing an atomized spray 
with little forward velocity so that the deposition efficiency 
is appreciably greater than that of the air spray »guns 
previously employed. 

Another object of the invention is the provision of an 
air spray gun of the character described which is capable 
of ready adjustment for varying the spray pattern over 
a wide range, the ‘gun being adapted, where desired, to 
produce a spray pattern of maximum area which is sub 
stantially larger than the patterns heretofore achievable 
with standard spray guns. 

Additional objects and advantages of the invention will 
become apparent during the course of the following speci 
iication when taken in connection with the accompanying 
drawings, in which: 

FIG. 1 is a side elevational view of an air spray gun 
made in accordance with the invention; 

FIG. 2 is an exploded view of the front portion of the 
air spray gun shown in FIG. l; 
FIG. 3 is a central longitudinal section through the 

front portion of the air spray gun; 
FIG. 4 is a rear perspective view on an enlarged scale, 

of the air distribution member forming part of the air 
spray gun; and 

FIG. 5 is a section taken along line 5-5 of FIG. 1. 
Referring in detail to the drawings, there is shown in 

FIG. 1 an air spray gun made in accordance with the 
present invention and especially constructed for use in 
an electrostatic coating system, as will be presently ex 
plained. The gun generally includes a forward head 12 
made of conductive metal, and an insulated tubtular casing 
14 connected to and carrying the head 12, and serving as 
the rear body portion of the gun. 
The head 12 is formed of a main body member 16, a 

hollow threaded cap 18 and an air regulating member 20. 
The body member 16 is preferably formed of a single 
block of sturdy, conductive metal, such as bronze, ma 
chined to provide a cylindrical end portion 22, an inter 
mediate portion 24 of smaller diameter and a tubular front 
end portion 26 of still smaller diameter. The intermediate 
portion 22 is provided with external screw threading 28. 
The head body member 16 is provided with a central 

longitudinal bore 30 of relatively large diameter, extend 
ing continuously entirely through the tubular front end 
portion 26, the intermediate portion 24 and a portion 
of the cylindrical rear end portion 22. At its rear end, 
the bore 30 communicates with a co-axial, internally 
threaded bore 32 of smaller diameter, the bore 312 ex 
tending centrally through the rear wall of end portion 22. 
A longitudinal bore 34 is also drilled inwardly and 

partially through the head rear end portion 22, said 
bore 34 being parallel to and spaced transversely from 
the bore 30, and serving as an air inlet passage. A trans 
verse bore 36 drilled inwardly from the side wall o‘f end 
portion 22, provides communication between bores 34 
and 30, as shown in FIG. 3. The outer end of bore 36 
is internally threaded and receives screw 3‘8 which acts 
as a plug to close oil the end of bore 36. 
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Another longitudinal bore 40, spaced from the central 
bore 30 and diametrically opposed to the bore 34, extends 
from the rear wall of head end portion 22 to the front 
wall of intermediate portion 24. This bore 40, which 
opens immediately behind the front end portion 26, 
serves as the paint inlet passage of the head. An air inlet 
tube 42 is secured within the mouth of bore 34, in com 
munication therewith, and a similar paint inlet tube 
44 is secured within the mouth of bore 40 and com 
munciates therewith. The tube 42 is coupled to a flexible 
air ‘pipe 46 leading to a source of air under pressure, 
while the tube 44 is coupled to a ñexible pipe 48 leading 
to and fed by a reservoir containing paint or other liquid 
coating material. 
The cap 18 is provided at its rear end with internal 

threading 50 sized to mesh lwith the external threading 
28 on the intermediate portion 24 of main body member 
y16 so that said cap may be securely mounted on the 
body member in the manner shown in FIG. 3. The thread 
ing 50 terminates in an inwardly-inclined peripheral 
shoulder 52 which abuts a corresponding bevelled surface 
53 at the front end of the intermediate portion 24, these 
mating surfaces S2 and 53 abutting in the fully-mounted 
position of cap 18 to prevent further inward movement 
of the latter. The cap also has a shallow circular Iwell 54 
adjacent to and extending inwardly from shoulder 52. 
In the mounted position of the cap 18 shown in FIG. 3, 
the end wall of said well 54 is spaced from the front wall 
of the intermediate body member portion 24 to form 
an annular paint passage 56 communicating with the 
paint inlet bore 40. 
The front end portion of cap 18 is provided with a 

longitudinal bore 58 which extends from the front wall 
thereof to the circular well 56, and communicates with 
the latter. This bore 58 is of lesser diameter than the 
Well 54 and of slightly larger diameter than the tubular 
front end portion 26 of the main body member 16. In 
the mounted position of the cap 18, said tubular front 
end portion 26 extends through the bore 58, projecting 
a slight distance forwardly of the cap front wall, as 
shown in FIG. 3. The circumferential wall of the tubular 
portion 26 is also spaced inwardly of the wall of bore 58, 
deñning a narrow annular paint outlet passage 60‘ which 
communicates with the annular chamber 56. 
The air regulating member 20 has a cylindrical rear 

end section 62 having an external diameter slightly 
smaller than the diameter of longitudinal bore 30, so 
that the cylindrical section 62 has a precise, snug sliding 
lit within said bore 30. Integral with and extending for 
wardly of said section 62 is a tapered section 64 having 
a rear end of small diameter and a peripheral wall which 
increases progressively in diameter toward the front end 
of said section 64, as shown in FIG. 2. At its front end, 
the section 64 has an integral annular ilange 66, the ex 
ternal diameter of which is slightly larger than the ex 
ternal diameter of the tubular front end portion 26 of 
body member 16. As shown in FIG. 3, a central longi 
tudinal bore 68 extends entirely through the air regulating 
member 20. 
The cylindrical section 62 of air regulating member 20 

has an annular shoulder 70` bordering its area of junc 
tion with the smaller diameter tapered section 64. At its 
rear end, the cylindrical section 62 has a recessed por 
tion 72, as best seen in FIG. 4, at the base of which a 
plurality of small bores 74 are drilled. The bores 74 
are arranged in a circular row surrounding the central 
longitudinal bore 68, and extend to and open through 
the shoulder 70 at the front of cylindrical section 62. 
As shown in FIGS. 3 and 4, the bores are inclined rela 
tive to the longitudinal axis of the air regulating member 
20, this inclination imparting a substantially spiral path 
to the air passing through said member 20, as will be 
presently described. 
The air regulating member 20 is mounted upon an 

adjusting member indicated generally by reference num 
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4 
eral 80. The adjusting member 80 includes a shank ‘82 
made of electrically-conductive material, and having a 
rear section of relatively large diameter bearing screw 
threading 84 sized to mesh with the internal threading 
of bore 32. At its forward end, the shank 82 has an 
axially-aligned extension 86 of smaller diameter, which 
is not threaded and is sized to extend through the longi 
tudinal bore 68 of air regulating member 20. The portion 
of shank extension 86 which projects forwardly of the 
air regulating member 20 bears external threading 88 
and terminates in a sharp pointed tip `90. The threading 
88 is sized to receive a nut 92. 
The adjusting member 80 also includes a shank 94 

made of electrically insulating material such as a rigid 
plastic and coupled -co-axially to the rear end of the 
shank 82, as a continuation of the latter, by a sleeve 96. 
In assembled condition, the shank `94 projects rear 
lwardly from the rear end of the insulated tubular casing 
14, and secured thereto is an insulating iinger piece 98 
by means of which the entire adjusting member 80 
may be rotated. 

Fine adjustment of the member 80 is añorded by a 
tensioning plate 100 having a central threaded aperture 
102 receiving the threaded shank 82. As shown in FIG. 
5, the plate 100 is bifurcated, having depending legs 
l104 which straddle the air inlet pipe 44 and prevent the 
plate 100 from turning as the shank 82 is screwed there 
through. A compression spring 106 is mounted on the 
shank 82 between the plate 100 and the rear wall of cy 
lindrical end portion 22 of body member v16. The spring 
106 exerts a rearward biasing force upon plate 100 to 
provide screw tension upon the adjusting member 180, 
permitting fine adjustment and preventing creeping. 

In assembling the air gun, the adjusting member [80 
is inserted through the rear open end of tubular casing 
14 and the threaded metal shank 82 is screwed through 
the plate 100 and the threaded bore 32 until the pointed 
tip 90 projects from the front of the tubular front por 
tion 26. The air regulating member 20 is then inserted 
on the l'front end of the shank extension 86 and slid 
rearwardly until it engages and is stopped by the larger 
diameter of shank 82. The nut 92 is then tightened on 
the threaded portion ‘88, clamping the air regulating 
member 20 securely on the front end of the adjusting 
member 8‘0. 
As previously indicated, the air gun of the invention is 

intended to be employed in an electrostatic coating sys 
tem and to operate in conjunction with an electrostatic 
ñeld which will charge the atomized coating particles 
leaving the gun and attract these particles to an object to 
be coated. The conductive metal parts of the gun head 
may therefore be connected to one terminal of an elec 
trical power source of high voltage so that the gun is the 
charging electrode of the electrostatic field, while the 
opposite terminal of the power source is grounded and 
connected through ground to the articles to be coated, 
which constitute the receiving electrode of the lield. There 
is thus maintained a high potential variant between the 
air gun and the articles to be coated which establishes 
the electrostatic field, as is well known in the art. For this 
purpose, there is shown in the drawings an insulated elec 
trical lead 108 which is soldered or otherwise secured to 
the conductive body member 16, the lead 108 being con~ 
nected to the high voltage terminal of the usual electrical 
power supply (not shown). 

In practice, articles to be coated (not shown), are nor 
mally suspended from a conveyor which is maintained at 
ground potential and so arranged that the grounded ar 
ticles pass successively in front of the air gun head. Be 
cause of the electrostatic ñeld established, the atomized 
paint emitted from the gun head is attracted to the 
grounded article or articles passing in front of the gun, so 
that the spray is deposited on the articles with high ef 
iiciency. In such an arrangement, the gun is mounted 
spaced from and facing the articles transported by the 
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conveyor, the casing 14 being clamped upon a supporting 
stand. ' 

In operation of the air gun’for atomizing liquid, paint 
or other liquid coating material is fed to the body of 
the air gun through the feed pipe 48 and the coupled inlet 
tube 44, the paint flowing through bore 40, circulating 
through annular chamber 56 and then passing through the 
narrow annular passage 60, leaving the gun head in the 
form of a fine annular forwardly directed stream emitted 
from the front open end of the annular passage 60. 
At the same time, air under pressure is fed through pipe 

46 and its coupled inlet tube 42, the air travelling through 
bores 34 and 36 into the large central longitudinal bore 
30, the forward end of which is closed off by the closely 
fitting rear cylindrical section 62 ‘of air regulating member 
20. The air then passes through the plurality of small 
bores 74 and enters the space between the tapered section 
64 and the inner surface of the tubular front portion 26 
of body member 16. Because of the tapered conical shape 
of the section 64, the air stream is subjected to a venturi 
action, and flows through this area at low pressure, exiting 
through the annular opening 110 defined between the 
mouth of the tubular portion 26 and the wide diameter 
portion of the air regulating member front section 64. 
Since the flange 66 is located immediately forwardly of 
this opening, the annular air stream is diverted by flange 
66 from longitudinal forward movement to a flow in a 
radial direction, as indicated by the arrow in FIG. 3. The 
air stream, flowing in this radial direction, thus impinges 
upon the stream of lquid coating material issuing from 
the mouth of passage 60, atomizing the liquid stream to 
produce a spray of finely divided liquid particles which 
leave the front end of the air gun head in radial directions. 
When high voltage is supplied to the air gun head 

through lead 108, the electrical charge concentrates at 
the pointed tip 90, so that said tip becomes the charging 
electrode of an electrostatic field eminating therefrom, 
and the potential gradient of the field is highly concen 
trated at the point of tip 90. Because of the sharp pointed 
configuration of the tip 90, and the consequent accumula 
tion of high voltage charge thereon, an ionic discharge 
occurs at said tip. On the other hand, the location of 
the other metallic parts of the atomizer head behind the 
pointed tip 90, effectively shields these parts from the 
electrostatic field created between the tip 90 and the ar 
ticles to be coated, so that the liquid coating material, at 
its zone of atomiztaion is remote from the point of high 
est potential concentration of the field, and the atomiza 
tion itself is unaffected by electrostatic forces. 

Thus, as the liquid is atomized, it is carried from the 
gun in a radial direction by the air stream, and the atom 
ized spray enters the aforesaid electrostatic field. The 
spray particles are subjected to the ionization discharge 
emitted from the pointed tip 90 and receive a so-called 
“space charge” of a polarity opposite to that of the 
grounded article or articles spaced forwardly of the tip 
90. The ionized paint particles are therefore attracted to 
the grounded articles and carried thereto »by the electro 
static field for deposition thereon. 

It will be appreciated that the air stream within the 
gun head in passing through the inclined bores 74 of air 
regulating member is imparted with a rotary, spiral path 
of travel indicated by the arrows in FIG. 4. At the same 
time, the air stream travels through the venturi-shaped 
passage defined by the air regulating member front sec 
tion 64 so that it exits from the air gun head at low 
pressure. The atomized particles and carrier air stream 
thus provide a wide radial spray pattern with little move 
ment or velocity so that the spray parti-cles tend to hang 
within the electrostatic field and have ample opportunity 
to receive the aforementioned space charge. The air gun 
of the present invention is therefore capable of supplying 
a fine atomized spray in such a manner that the atomized 
paint is deposited with high efficiency, with negligable 
loss of paint resulting from overspray or fall~out. In addi 
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6 
tion, the radial 4dispersion of the atomized liquid from the 
gun provides a wide spray pattern effecting an appreciably 
greater area of coverage than has been possible with con 
ventional air guns. Further, it has been observed that even 
with the larger spray patterns provided, the normal ten 
dency for the paint to feather or thin out in the marginal 
zones of the pattern, is materially reduced. While with 
conventional air spray guns, the density of the paint spray 
deposited is substantially decreased in wide marginal 
areas of the spray, resulting in uneven coating, the gun 
of the present invention may be adjusted to decrease this 
low density fringe zone to a remarkable degree. This 
benefit can be attributed to the coaction of the circular 
atomizer air movement and the creation of the low pres 
sure area at the precise point of atomization. 
The area ofthe spray pattern may be varied over a wide 

range by means of the adjusting member 80. This may be 
accomplished during the actual painting operation by 
manually grasping and turning the finger piece 98. The 
threaded shan-k l82 is thus selectively turned in either 
direction to move the air regulating member 20V forwardly 
or rearwardly within the tubular portion 26. Movement 
of the member 20 in a forward direction brings a smaller 
ldia-meter portion of the tapered section 64 into registry 
with the mouth of the tubular portion 26 to increase the 
size of the annular air outlet opening 110 and also re 
duces the venturi effect of said tapered section 64, so that 
the spray pattern is increased in size. Movement of mem 
iber 20 in a rearward direction has the opposite effect 
and reduces the area of the atomized spray pattern. In this 
manner, the paint pattern may be selectively adjusted from 
a diameter of approximately two inches to a pattern of 
thirty-six inch diameter. 

It is to be understood that while the electrostatic sys 
tem described herein contemplated the connection of the 
high voltage power supply to the metal |body of the air 
gun so that the gun itself served as one electrode of the 
electrostatic field, the gun may be employed in conjunc 
tion with an external field. In this instance an external 
charging electrode in the nature of a wire grid or the like 
may be mounted in the vicinity of the gun head to create 
an electrostatic field between such electrode and the 
articles to be coated, and the gun itself will be free of 
electrical connections. The atomized spray emitted by the 
gun will enter the external field and become charged in 
the same manner as previously indicated. 

While a preferred embodiment of the invention has been 
shown and described herein, it is obvious that numerous 
omissions, changes and additions may be made in such 
embodiment without departing from the spirit and scope 
of the invention. 
What is claimed is: 
1. For use in an electrostatic spray coating system em 

ploying an electrostatic field for depositing liquid coating 
material upon articles, an air spray gun for atomizing said 
liquid coating material and discharging the atomized 
material into said electrostatic field, said air spray gun 
comprising a body having a central longitudinal bore 
opening at the forward end of said body, means for 
connecting the rear portion of said central longitudinal 
bore to a source of air under pressure, said body also in 
cluding a second longitudinally extending bore spaced 
from said central bore, -means for connecting said second 
bore to a source of liquid coating material, an air reg 
ulating member slidably located in the forward end of 
said central longitudinal bore for longitudinal movement 
therein, said air regulating member having a cylindrical 
rear portion of sufficient diameter to fit snugly within said 
central -bore and having air-diverting inclined channels 
for causing air passing therethrough to travel in a rotary 
path, and a tapered substantially conical front portion 
downstream of said channels and terminating in a front 
peripheral flange, said conical front portion having a rear 
end of small diameter and a peripheral wall increasing 
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progressively in diameter toward said front flange to pro 
vide a venturi-shaped air passage to decrease the pressure 
of air passing therethrough, said air regulating member be 
ing located within said central bore with a portion of said 
conical front portion located in the mouth of said bore and 
deiining an annular air outlet opening and said peripheral 
flange located forwardly of said air outlet opening in 
position to direct the air radially outward from said 
air spray gun, said second bore communicating with an 
annular liquid outlet passage ‘having a -mouth surrounding 
and concentric with said air outlet opening, whereby the 
liquid leaving said mouth is engaged and atomize-d by the 
air ñowing radially from said air outlet opening, and 
adjusting means for selectively moving said air regulating 
member longitudinally within said central bore, whereby 
to adjust the size of said air outlet opening and the size 
of said venturi air passage. 

2. An air spray gun according to claim l1 in which 
said air-diverting inclined channels comprise a plurality 
of inclined through bores extending from the rear surface 
of said air regulating member rear portion to the front 
surface thereof and communicating with said venturi air 
passage, whereby the air leaving said bores travels in a 
rotary path through said venturi air passage and exits 
at low pressure therefrom . 

3. An air spray gun according to claim 1 in which said 
adjusting means comprises a longitudinally-extending 
screw shank secured to said air regulating member and 
threadedly engaging a portion of said `body member, said 
shank having a rear portion projecting from the rear 
end of said gun body and exposed for manual turning 
of said screw shank to adjust the position of said air 
regulating member within said central bore. 

4. An air spray gun according to claim 1 in which said 
ygun body comprises a body member including a cyl 
indrical section having external screw threading and a 
tubular section of lesser diameter projecting forwardly of 
said cylindrical section, said central longitudinal bore ex 
tending through said sections and opening at the front end 
of said tubular section, and a threaded cap engageable 
with the external threading of said cylindrical section for 
mounting said cap thereon. 
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>5. An air spray gun according to claim 4 in which 

said cap has a longitudinal bore of slightly greater diam 
eter than the external diameter of said body member 
tubular section, said cap -bore receiving said tubular sec 
tion in the mounted position of said cap and for-ming with 
the exterior surface of said tubular section an annular 
liquid passage communicating with the second bore of 
said body member and opening adjacent the front end of 
said tubular section. 

6. An air spray gun according to claim 5 in which 
the cylindrical section of said body member joins said 
tubular section at a lateral shoulder, said second longi 
tudinal bore extending through said cylindrical section and 
opening through said shoulder, said cap in its mounted 
position having an internal surface spaced from said 
shoulder and forming therewith an annular liquid cham 
ber connecting said second longitudinal bore with said 
annular liquid passage. 
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