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Arvid C. Waberg, Harvey, R. (% H. G. Fischer & Co., 

945. W. Belmoat Ave., Franklin Park, .) 
Filed Juliy 16, 1959, Ser. No. 827,587 

6 Cailins. (Ci. 239-15) 

This invention relates to a spray gun for electrostatic 
coating. 
Spray guns for discharging a blast of atomized mate 

rial, such as paint or other coating material, have long 
been known and used. Such guns have provided means 
for discharging a stream of coating material into atmos 
phere and jet atomizing the same at or near the point of 
discharge by means of compressed air. A variation of 
such gun has involved the discharge of a fine stream of 
coating material under high pressure such as 1,000 
pounds per square inch or more. A liquid, either a so 
lution or a suspension, when discharged into atmosphere 
will jet atomize under such conditions. 

Conventional spray guns with some modifications are 
used in electrostatic coating. The modifications have 
been necessitated by the fact that at times high poten 
tial electrodes have been carried by the gun. The loca 
tion of such electrodes as a rule has been arbitrary. 
Little if any attempt has been made to shape the electric 
field at the region of atomization. 

In high voltage work, it has long been recognized that 
the geometry of an electrically charged surface is im 
portant in determining the intensity of an electric field 
at the electrode region. For example, it is well known 
that in air, the breakdown potential between two oppo 
sitely charged electrodes will vary greatly depending upon 
the shape of one or both electrodes. In particular, if one 
electrode has a sharp tip or point, the breakdown poten 
tial in air will be substantially less for a given electrode 
separation than if both electrodes have smooth spherical 
surfaces of substantial radius. 
The above phenomenon has been used to a limited 

extent in electrostatic coating. Spray guns having 
charged electrodes with sharp points have been used. 
Such electrodes have been applies as accessories to con 
ventional spray guns having considerable amount of 
highly charged metal exposed to atmosphere in the vi 
cinity of the atomizing region. The coating efficiency 
of such guns is quite ow. 
As a rule, coating materials cannot be classed as elec 

trical conductors and are more generally considered as 
electrical insulators. Because of this, all coating par 
ticles discharged from a charged metal nozzle in a gun 
cannot be assumed to be charged. If it were possible to 
charge electrically every particle of coating material 
emanating from a gun, then atomization of the coating 
material might be aided by the electrostatic forces of re 
pulsion, in addition to mechanical atomization by high 
pressure jets. With conventional spray guns having 
various kinds of electrodes attached thereto, the electric 
field pattern is not conducive to electrostatic atomiza 
tion apart from field intensity. 
That the charging of the atomized particles in con 

ventional guns is ineficient is indicated by the fact that 
such atomized particles of coating material generally 
travel in straight paths and frequently pass beyond the 
work if misdirected. If the charging of atomized parti 
cles would be more completely effected than has hereto 
been the case, atomized charged particles would follow 
the lines of electric force and tend to congregate upon 
the work. This is known as the wrap-around effect 
whereby a coating particle, which would normally if un 
charged go past the work due to its direction of travel, 
will instead be directed from such straight path and will 
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strike the surface of the work near the edge, either in 
front or back. 

This invention is based upon the discovery that a 
spray gun having a highly charged electrically conducting 
member having a sharp tip or edge right at the region 
of discharge of a blast of coating material and free of 
any adjacent charged metal surfaces exposed to atmos 
phere in the vicinity of the atomizing region will greatly 
improve the efficiency of operation of the spray gun. In 
particular, a spray gun embodying the invention is so 
constructed as to provide what may be termed a convex 
charged surface, as viewed from the front of the gun, 
with the most forward point or edge of the charged Sur 
face being at or near the discharge orifice. Such a con 
struction provides an intense electric field pattern at or 
near the region of jet atomization. This invention makes 
possible for the first time a high degree of atomization of 
a coating material obtained by combining electrical and 
jet atomization. 
An additional feature makes possible a more effective 

electrical charging of the coating material prior to its 
atomization. This is obtained by feeding the coating ma 
terial over a long, charged metallic path prior to dis 
charge into air. This promotes a rapid transfer of elec 
tric charges to particles making up the stream of coating 
material just prior to atomization. 
The combination of intense field at the region of 

atomization coupled with the pre-charging of the coating 
stream prior to discharge into the atomizing region pro 
vides a highly eficient spray gun which can operate With 
substantially less air and will deliver more of the coating 
material to the work than conventional guns. 

Since mechanical work has to be performed upon 
coating particles to atomize the same and to propel such 
atomized particles toward an object to be coated, it fol 
lows that the more efficiently the work is performed on 
the atomized particles, the more efficient is the entire 
coating operation. A spray gun embodying the present 
invention provides an intense electric field which radiates 
from what is practically a point source at a region of 
atomization outwardly toward work to be coated. 
By virtue of this electrode arrangement, the electric 

field not only has maximum intensity but has substan 
tially no component pointing in any direction except to 
ward the work generally. This does not necessarily 
mean that all the lines of force extend geometrically 
straight toward the work. Many of the lines of force 
will tend to bow outwardly. However, in distinction to 
other gun constructions, in the general region where 
atomization is to occur, the field pattern in the new gun 
has minimum distortion from what might be termed a 
point source. 
The importance of the above resides in the fact that 

the coating particles are discharged from the gun to 
ward the work and thus have considerable kinetic en 
ergy. It is true that the blast which atomizes the par 
ticles tends to divert atomized particles from the origi 
nal direction of travel of the jet. However, the com 
bination of jet energy plus the blast of compressed air 
provides a mass of atomized particles which are gener 
ally directed toward the work apart from electrical con 
siderations. 

in conventional guns, the electric field, apart from 
being less intense for the same voltage, frequently works 
at cross purposes with the kinetic energy of the atomized 
particles resulting from the gun discharge. It frequently 
occurs that the electric field in conventional guns will 
tend to move particles in a different direction from the 
discharge direction. This wastes the energy of the par 
ticles and results in a cloud of atomized particles which 
will hover around the gun and drift to surfaces other than 
the work to be coated. 
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under normal conditions. When trigger arm 61 is pulled 
back to the right as seen in FIGURE 1, plunger 60 and 
the rods, together with the needle at the end, is withdrawn 
to permit coating material to be discharged. This trigger 
arrangement is conventional. Coating material is sup 
plied through fitting 64 from a suitable pipe, not shown, 
fitting 64 permitting material to flow into the region 
around rod 46b. it is understood that the coating mate 
rial is under some pressure so that material will be dis 
charged through nozzle 33 upon withdrawal of the nozzle 
valve rod. Suitable packing is provided to prevent leak 
age of materials. 

In accordance with customary practice, trigger handle 
61 is also coupled to operate air valve 66 in body 10. 
Valve 66 controls the flow of compressed air from fitting 
67 to the region around part 57 within nut 52. The vari 
ous parts are so arranged that compressed air is fed into 
annular region 5 between sleeves 11 and 14, annular 
region i8 and substantially little if any air gets into the 
region around rod 40b where the coating material is sup 
posed to flow. In some instances, a certain amount of 
air may be permitted to leak into this region, so that flow 
of coating material is promoted. 
As previously pointed out, the details of portion 10 of 

the gun are conventional. In the construction illustrated, 
the high potential impressed upon the metal parts at the 
nozzle end of the gun are prevented from going back to 
the gun body () by virtue of insulation material used for 
sleeves 1, 4, rod 40b and sleeve 16a. However, if 
body portion 10 of the gun is not held by an operator or 
if there is no objection to having metal portion of 10 at 
high potential, then the various insulating means can be 
eliminated. However, even in such case, it should be 
noted that the insulation at the nozzle assembly 12 of 
the gun which is retained in all cases, concentrates the 
electric field as hereinbefore pointed out. It is preferred 
to have the insulating sleeves and rods as described so 
that the amount of highly charged metal exposed to 
atmosphere is reduced to a minimum insofar as the entire 
gun is considered. 

Instead of having high potential lead 37 extending out 
wardly from nozzle portion 12 of the gun as illustrated in 
FIGURE 1, it is possible to have the high potential lead 
xtend rearwardly from metal rod 40b axially of the gun. 
This is illustrated in FIGURE 10 wherein portion 140b 
of insulating material is a sleeve rather than a solid rod. 
High potential wire or lead 127 extends backwardly from 
rod 40 within sleeve i40b and emerges from the rear of 
the gun as an insulated cable. 

If the coating liquid is under high pressure, and no 
compressed air is used then it will be understood that 
the compressed air supply can be eliminated. In such 
case sleeves 1 and 4 can be combined into one and 
the ducts for air in nozzle assembly 12 may be entirely 
eliminated. 
With regard to the grooves on the outside of metal 

rod 49, these may be readily cleaned. If desired, helical 
grooves may be provided on the inside surface of metal 
sleeve 6 although such grooves may be harder to clean, 
Any tortuous paths for coating material may be provided 
instead of helical grooves. These paths should expose 
maximum metal surface to the coating material for easy 
charging. 
What is claimed is: 
1. In a gun of the type used in electrostatic coating 

for discharging coating material in a liquid carrier, a gun 
handle portion, a straight cylindrical tube of rigid elec 
trically insulating material having the rear end of said 
tube attached to said handle portion, a metallic assembly 
and nozzle structure at the forward end of said cylindrical 
tube, said nozzle structure including a hollow, conically 
shaped, metal valve portion terminating in a short nozzle 
discharge tip having a sharp free annular edge, said 
metallic assembly and nozzle structure including the nozzle 
edge being coaxial with said tube and providing a sharp 
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6 
decrease in outside transverse dimensions beginning with 
the assembly structure and ending with the nozzle dis 
charge edge so that the metallic assembly and nozzle 
structure are convex forwardly of the gun with the dis 
charge tip projecting forwardly a short distance only, a 
straight valve rod within said tube and coaxial therewith 
and terminating in a metallic conical valve member for 
needle valve operation within said hollow conical valve 
portion, said valve rod including as a part thereof an in 
Suiating actuating rod portion extending back to said 
handle portion, said conical valve member being movable 
by said valve rod longitudinally in said valve portion to 
open and close said needle valve, means for feeding coat 
ing material along the rod and valve member into said 
conical valve portion and through said nozzle discharge 
tip, a cap structure of solid, electrically insulating mate 
rial covering said metallic assembly, said cap structure 
including a part at the front end covering the metal with 
insulation, said metal being at the forward end of the gun 
except for a cap aperture through which only the short 
metal nozzle discharge tip projects, the thickness of the 
front end part of the insulating cap structure as measured 
along lines parallel to the tube axis being substantially 
no greater at the region adjacent the discharge tip than 
at the other portions of the front end part of the insulat 
ing cap structure, due to the shortness of the nozzle dis 
charge tip, and means extending from said metallic as 
sembly and nozzle structure for impressing a high electric 
potential on said metallic assembly during gun operation, 
said convex shape of the metal assembly with the solid 
insulation and the short nozzle discharge tip and annular 
sharp nozzle edge cooperating when the gun is electrically 
charged to concentrate electric charges at the sharp nozzle 
edge so that coating material and the electric field appear 
to stream from a common source, the metallic assembly 
and nozzle structure of Said gun being otherwise free of 
any charged metal projections whereby efficient gun opera 
tion is secured. 

2. The gun according to claim 1 wherein said metallic 
assembly and nozzle structure includes a metallic cylin 
drical sleeve portion extending rearwardly from the hollow 
conical valve portion, said valve rod including a metallic 
cylindrical rod portion extending rearwardly from the con 
ical valve member, said metallic valve rod portion fitting 
snugly within the metallic sleeve portion, one of the op 
posed cylindrical metallic surfaces having at least one 
helical groove in which coating material can travel and 
become electrically charged on its way to the nozzle tip. 

3. In a gun of the type used in electrostatic coating for 
discharging coating material in a liquid carrier, said gun 
including a gun handle portion, a straight cylindrical tube 
of rigid insulating material having the rear end of said 
tube attached to said handle portion, a solid insulating cap 
structure closing the end of said gun, said solid insulating 
cap structure having an opening therethrough in axial 
alignment with said insulating tube, a tapering needle 
valve structure at the forward end of said tube and dis 
posed back of said insulating cap structure, said needle 
valve structure terminating in a short, sharp edged metallic 
tip portion projecting through the aperture of said in 
sulating cap structure, the projecting metallic part extend 
ing forwardly from a substantially larger mass of metal 
within the insulating structure and the wall of the cap 
structure having no greater thickness axially of the tube 
at the opening than elsewhere because of the short tip, 
said needle valve structure including a hollow, conically 
shaped, valve portion terminating in a discharge nozzle 
and a metallic conical needle valve member within the hol 
low conical valve portion and longitudinally movable rela 
tive thereto for needle valve operation, said conical needle 
valve member forming part of a straight valve rod within 
said insulating tube and extending rearwardly toward said 
handle, said entire needle valve being coaxial with said 
insulating tube, means for impressing a high potential 

5 upon the metal projecting through said aperture in said 
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insulating cap structure, a second tube within said first 
named tube extending from said needle valve member pro 
viding a passageway for coating material from the gun 
handle portion around the valve rod and into said needle 
valve, the space between said two tubes providing an air 
chamber to said insulating cap structure, said cap struc 
ture having an annular clearance around the charged metal 
part at the center and having air discharge ports laterally 
offset from the tube axis, said region behind the cap 
structure communicating with the air chamber and the 
laterally offset air discharge ports directing air blasts dur 
ing gun operation which converge axially in front of the 
gun, said entire gun having no metal at high potential ex 
posed to atmosphere except for the metal in the apertured 
part of the cap structure whereby when the gun is elec 
trically charged and is discharging coating material from 
the nozzle tip, the origin in space of the coating material 
and electric field appear to be the same. 

4. In a gun of the type used in electrostatic coating for 
discharging coating material in a liquid carrier, said gun. 
including a gun handle portion, a straight cylindrical tube 
of rigid insulating material having the rear end of said 
tube attached to said handle portion, a solid insulating 
cap structure closing the end of said gun, said solid in 
sulating cap structure having an opening therethrough in 
axial alignment with said insulating tube, a tapering all 
metal needle valve structure at the forward end of said 
tube and disposed back of said insulating cap structure, 
said needle valve structure terminating in a short, sharp 
edged metallic tip portion projecting through the aperture 
of said insulating cap structure, the projecting metallic 
part extending forwardly from a substantially larger mass 
of metal within the insulating structure and the wall of 
the cap structure having no greater thickness axially of 
the tube at the opening then elsewhere because of the 
short tip, said needle valve structure including a hollow, 
conically shaped, valve portion terminating in said short 
metallic nozzle discharge tip and having a conical needle 
valve member within the hollow conical valve portion 
and longitudinally movable relative thereto for needle 
valve operation, said conical needle valve member form 
ing part of a straight valve rod within said insulating tube 
and extending rearwardly toward said handle, said entire 
needle valve being coaxial with said insulating tube, means 
for impressing a high potential upon the metal projecting 
through said aperture in said insulating cap structure, a 
second tube within said first named tube extending from 
said needle valve member providing a passageway for 
coating material from the gun handle portion around the 
valve rod and into said needle valve, said valve rod being 
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disposed within said second tube, and the second tube 
having its outer surface spaced from the inner surface of 
the first named tube, the space between said two tubes 
providing an air chamber to said insulating cap structure, 
said cap structure having an annular clearance around the 
charged metal part at the center and having air discharge 
ports laterally offset from the tube axis, said region be 
hind the cap structure communicating with the air cham 
ber and the laterally offset air discharge ports directing 
air blasts during gun operation which converge axially in 
front of the gun, said entire gun having no metal at high 
potential exposed to atmosphere except for the metal in 
the apertured part of the cap structure whereby when the 
gun is electrically charged and is discharging coating ma 
terial from the nozzle tip, the origin in space of the coat 
ing material and electric field appear to be the same. 

5. The construction according to claim 4 wherein me 
tallic means having a large surface area is provided 
within said second tube along the passageway for coating 
material, said metallic means being charged to the same 
high potential as the gun tip and serving to change the 
coating material on its way to the discharge nozzle. 

6. The construction according to claim 4 wherein said 
second tube has a portion extending rearwardly from the 
valve member of metal and wherein the valve rod portion 
within said metallic tube portion is also of metal, the two 
fitting Snugly and wherein one of the metallic members 
has at least one helical thread therein providing a passage 
way for coating material flowing within said second tube 
to the interior of the needle valve for charging the coating 
material. 
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