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United States Patent Office 
3,69,883 

ELECTIFEROSTATEC COATTING MEITHGAS 
ANG APPARATUS 

James W. Juvina, Indianapolis, Hai. assignor to Rams 
burg Electro-Coatiaig Corp., Adiarra siis, Ind., a cor 
pration Gf Indiana 

Fie Oct.-25, 96, Ser. Ne. 148,793 
55 Caimas. (C. 7-93.42) 

This invention relates i to electrostatic spray coating 
methods and apparatus for the application of liquid coat 
ing material, particularly paint, to provide a protective or 
decorative coating on a surface. . 

This application is a continuation-in-part of my applica 
tion : Serial No. 812,780, and now abandoned, filied 
May 12, 1959, which in turn was a continuation-in-part 
of my application Serial No. 486,247, and now aban 
doned, filed February 4, 1955. 

În commercial production spray painting, the provision 
of smooth uniform coatings of the type desired and com 
moniy provided on articies such as home appliances, 
housewares, and metal or other objects of all kinds, re 
quires not only a relatively uniform distribution of the 
coating material during the spraying operation, but also 
eposition of the spray particles while still in liquid state 

and the use of particles of a suitable fineness. If the spray 
particles are too large they do not filow together satisfac 
torily when deposited and result in a coating which lacks 
the desired uniform appearance. 
The use of an electrostatic depositing field is of material 

benefit in improving paint deposition efficiency in spray 
painting. Particularly where automatic spray systems are 
used in connection with a conveyorized production line, 
the use of an electrostatic depositing field results in avoid 
ance of a substantial loss of paint which otherwise takes 
place, both as under-spray falling out before it reaches 
the articles being coated and as over-spray passing beyond 
or away from the articles and eventually going onto the 
booth wails or out the exhaust stack. Suitable charging 
of the spray particles and the utilization of an electrostatic 
field to the surface being coated results in the deposition 
on such - surface of spray particles which would not other 
wise have been deposited thereon, deposition efficiency 
being materially improved by the electrostatic effects. 
Where such a field is being used, fineness of atomization 
has a very important function in achieving optimum field 
effects and deposition efficiency regardless of the quality 
of finish desired. Charge on a liquid droplet is primarily 
a function of surface area under optimum electrical charg 
ing conditions; and since reduction in droplet diameter 
reduces its volume more rapidly than its surface area, fine 
droplets have a larger charge-to-mass ratio than larger 
droplets, and therefore may be better controlled by the 
depositing field. . . W , 
Commercial electrostatic spray painting initially uti 

lized conventional air-spray guns to atomize the paint or 
other liquid coating material into, spray particles. The 
air blast from such a spray gun, however, detracted from 
the effect of the electrostatic field on the spray particles 
and i resulted in lower deposition efficiencies than were 
theoretically possible. In recent years commerciai elec 
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trostatic spray coating installations have, in many cases, . 
utilized airless atomization in conjunction with the elec 
trostatic deposition, thus avoiding the air blast effects. 
The basic provisions of such a system are disclosed in 
Starkey and Ransburg Patent No. 2,685,536 issued Au 
gust 3, 1954, where the particular embodiments illustrated 
utilize electrostatic atomization. The commercial instal 
lations now being bade by the company owning such pat 
ent, however, utilize a rotating atomizing device, rather 
than the stationary atomizers illustrated in Such patent, 
such rotating devices being the subject of Ransburg Patent 
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particles of a desired fineness. 
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No. 2,893,894. Many commercial installations utilizing 
the rotating device employ rotational speeds such that 
electrostatic forces are still the principal atomizing force; 
and this sometimes presents difficulties in securing spray 

This is particularly true 
of certain coating materials which are more difficult to 
electrostatically atomize than the commonly used synthet 
ic enamels and lacquers; examples of such more difficult 
materials being metallic pigment paints and water-in-oil 
emulsion paints. The introduction of the above men 
tioned airless atomizing devices thus provided commercial 
spray painting systems which overcame the disadvantage 
of strong air blasts and materially improved deposition 
efficiency; but they have the disadvantage that with certain 
types of coating materials it is difficult to secure spray 
particles which are sufficiently fine in size for the desired 
commercial paint finishes. 
By utilizing a high pressure jet with certain character 

istics desirable for atomization of the paint or other liquid 
coating material, substantial mechanical forces effective 
for atomization can be re-introduced in the system while 
at the same time maintaining quiescent the atmosphere 
at or near the article surface being coated. The term 
“quiescent” is used herein to indicate the absence of air 
currents of such velocity and volume as would, for "mainy 
of the particles approaching deposition, overcome the 
electrostatic depositing forces. and thereby cause a sub 
stantial proportion of the particles to escape deposition 
on the work. Rather than issuing a blast of air which 
strikes the paint to effect atomization as in the conven 
tional air spray gun, a high velocity, expanding, thin film 
of the paint is caused to issue into relatively quiescent air 
with such high relative speed with respect to it that the 
interaction provides a very appreciable mechanical atom 
izing force. A solid circular stream of liquid, even 
though traveling through the surrounding air at very high 
relative velocities, does not give atomization of a desired 
type suitable for desired field control and for quality paint 
finishes; but issuance of the liquid in an expanding thin 
film, whether in the form of a hollow cone or fan-like, if 
certain conditions as to velocity and form are present, re 
sults in atomization into the very fine particles which 
result in the desired field control and a high quality finisih; 
and optimum electrostatic deposition may be approached 
by use of such an atomizing device under proper condi 
tions of spacing and field strength. The use of a hydro 
static jet, while still obviating the disadvantages of a car 
rier air blast in an electrostatic system, provides control 
factors not heretofore available with elimination of the 
air spray gun. The jet with a high velocity, º expanding 
thin film not only permits control of fineness of atomiza 
tion despite other factors not under ready control (as 
paint type and viscosity) but also directional and particle 
momentum control enabling control of film thickness un 
der situations otherwise, providing difficultil?s in an elec 
trostatic system, as providing sufficient paint in the bot 
tom of a depression or other area where the field alone 
might result in an undesirably thin coating. 
One method of determining whether atomization is suit 

able as to particle size is to measure the diameter of spots 
formed by spray particles impinging on an appropriate 
target under controlled conditions. Conditions which 
have been used in practice involve passing a 4” by 6” fiat 
target through the spray longitudinally of its longest di 
mension with one face in a plane perpendicular to the 
spray axis and at a distance of about 12” from the spray 
source with sufficient rapidity that the exposed face of the 
target is substantially free of overlapping spots. If the 
average diameter of the ten largest i spots on the target 
(hereinafter called the “spray spot size”) is less than about 
0.015 inch, the spray is capable of producing finishes of 
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high quality, although where finish requirements are less 
stringent sprays producing a spray spot size of 0.020 inch 
may be satisfactory, and spray with a spray spot size above 
0.020 inch should only be used where the quality of finish 
is not critical, for example, in maintenance painting of fac 
tory walls or the coating of heavy equipment, such as farm 
machinery. Hereinafter, where reference is made to the 
size of spots produced by deposited spray particles it is to 
be understood that the size referred to is the spray spot size 
determined under the conditions just indicated. 

In general, deposition of a quality filish with high ef 
fficiencies in an electrostatic system is obtained by use of a 
jet with a very smalli orifice arranged to cause the liquid 
coating material, which is supplied thereto at very high 
pressures, to issue in the form of an expanding film, with 
very high liquid velocities. In certain instances such 
velocities at least initially can be of the order of 10,000 
feet per minute or more. The particles of spray so formed 
are capable both of producing satisfactory finishes and 
of possessing in an electrostatic field, charge-to-mass ratios 
great enough to render them highly responsive to electro 
static forces and to attain high deposition efficiencies. 
The electrostatic field employed may be one maintained 
either to the forward portion of the atomizer, the leading 
edge of the paint-film, or it may extend to a spray-charg 
ing electrode disposed close to the zone of atomization. 
In any event, such field should have an average potential 
gradient of at least 5,000, and preferably at least 10,000, 
volts per inch. M : * 

Various additional features and advantages of my in 
vention will be apparent from the following description 
and from the drawings in which: 
FIGURE, 1 is a perspective view of a system utilizing a 

high pressure jet atomizing device and embodying the in 
vention here disclosed; 
FIGURE, 2 is an enlarged view of a jet nozzle tip, and 

the film issuing therefrom; 
FIGURE 3. is an end view of the nozzle shown in FG 

URE, 2, at half scale relative thereto and looking from 
the right of such FIGURE 2; M 

FIGURE, 4 is a perspective view of another embodiment 
of my. invention; * 
FIGURE 5 is a vertical sectional view, along the axis 

of the atomizer; 
FIGURE 6 is illustrative of various operating conditions 

and comprises portions 6A, 6B and 6C, ilustrative of op 
eration in three different positions of the control cam; 
FIGURE 7 is a longitudinal sectional view illustrating 

an atomizing apparatus incorporating another embodiment 
of the invention; 
FIGURE 8 is a side elevational view partly broken 

away of the right-hand portion of FIGURE, 7; and 
FIGURE 9 is a top elevationai view partly broken away 

of the right-hand end of the apparatus of FIGURE 7. 
Referring now to the particular embodiment illustrated 

in FIGURES: 1-6 of the drawings, a conveyor, track: 59 
provides the enclosure within which a conveyor chain-11 
slides, this chain being longitudinally moved by suitable 
conveyor drive means, not shown. At appropriately 
Spaced intervals the chain - is provided with hangers, - as 
the hangers 12 and 13 illustrated, which are adapted to 
Support the articles to be coated, as the cabinets 14-17 

4. 
contact with the actuating finger 23a terminates it, so that 
paint is not wasted between the articles. 

() 
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The paint, which may for example be a conventional 
synthetic enamel, is here shown as being applied at two 
stations. One of these comprises the jet atomizer 30 
mounted on an insulator 49 carried by the movable por 
tion 4 of a hydraulic reciprocator 42. This reciprocator 
is actuated by conventionali hydraulic means (not shown) 
to reciprocate the spray: jet vertically a desired number of 
times during the passage of a cabinet thereby. The other 
spray source is here shown as the jet 43 mounted on a 
fixed insulating support 44 and so placed as to coat the 
undersides of the cabinets as they pass down the line. A 
similar arrangement, at another point in the line could 
be used to paint the other sides and the tops of the cabi 
nets. The source of paint is here illustrated as a paint 
tank 45 mounted on insulated supporting legs 46. The 
paint being withdrawn from the tank passes through a first 
filter 47 and then through a pair of supply tubes 48 and 
49 to pumps 58 and 51 in the housing 52. Inasmuch as 
the pumps and associated parts are duplicated in each side 
of the housing, only one will be described. The pump is 
of the variable volume, positive displacement piston type, 
the piston being here shown as diriven by a scotch-yoke 
drive arrangement 53, preferably with adjustable eccen 

- trics, from an insulating shaft 54 extending down through 
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an insulating supporting sleeve 55 to drive means in the 
base 56. Preferably a variable drive means is provided 
as, for example, one utilizing a variable speed drive ar 
rangement in conjunction with an i electric motor. . . . . 
The high i pressure outlet of the pump is connected 

through pipe i 57, a solenoid operated three-way valve 58 
and an ultra-fine filiter 59 to the outlet fitting 60. Con 
nection is made : through a suitable high pressure hose 
6. to the jet 43. The ultra-fine filter is of a commercially 
available type preferably passing only particles of less 
than the order of twenty-five microns in diameter. 

Connected to the pipe 57 is a pulse damper 62 com 
prising a housing having therein a diaphragm exposed 
to the very high pressure in the line, the diaphragm, be 
ing capable of compressing stafficiently to smooth out 
the pulses of the positive i displacement pump andi insur 
ing a very uniform, high pressure i delivery of paint to 
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illustrated, by suitable means such as the hooks 18 and 19 
and the holding members 20, and 21. The overhead con 
veyor illustrated is adapted to move the articles along at 
an appropriate rate as, for example, at a speed of 10 feet 
per minute, through the coating zone provided by one or 
more jet spray heads. Microswitches 22 and 23 are ad 
justably mounted on and supported by the conveyor track 
19, and are provided with pivotally movable switch ac 
tuating fingers 22a and 23a which are contacted by the 
hooks, as the hook 18, during passage of the articles along 
the conveyor path. Contact of the hook 48 with the ac 
tuating finger 22a, for example, initiates spraying, and 
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the jet 43. Also- connected to the pipe 57 is a pressure 
relief valve 63 having a return connection to the inlet 
side of the pump and adjusted to open at some pressure 
slightly above the pressure being used, preventing dam 
age in the event of a stoppage in the outlet. - 
The solenoid operated three-way valve 58 also com 

municates with the inle? side of the pump 51, this con 
nection being here shown as effected by the pipe 64. 
When the valve is in one position, the pipe 57 communi 
cates with the filter 59 and thus feeds liquid to the jet 
43, whereas actuation of the solenoid, as by the micro 
switch 23, causes communication between the pipe 57 
and the pipe 64, with resultant recirculation through the 
pump which is stiil running and substantially instanta 
neous cessation of delivery from the jet i 43. This char 
acteristic results in very desirable “triggering” of the . . 
spray from a remote point. * 

it will be understood that the system in the other side 
of the casing 52, the : left-hand side as viewed in the 
drawing, is similar. Accordingly, the liquid coating ma 
terial would be similarly supplied to the jet i 39 through 
the outlet fitting 65 and the hose 66. It will be under 
stood that in the system illustrated, the jets 30 and 43 
are spaced apart by the distance between the conveyor 
hangers 12 and 3, so that both guns can be triggered 
simultaneously even though one jet is painting the side 
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surface of the cabinet 15 while the other jet is painting 
the underside of the cabinet. 16. - . . 

Referring now more particularly to FIGURES 2 and 
3, it will be seen that the jet nozzle indicated in general 
as 36, is of a type providing a fan-like film substantially 
in a single plane. Liquid under pressure in the interior 
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passage 31 is delivered through a very small orifice 32 
which is elongated in cross-section; i.e., as viewed from 
the right of FIGURE 2. For most applications the 
orifice should have a major and minor dimension which 
produce an orifice which is equivalent in cross-sectional 
area to a circular orifice which is no larger than of the 
order of .015 inch in diameter. One very satisfactory 
orifice is 012 of an inch along its major outlet opening 
diameter, and .005 of an inch across its transverse or 
minor diameter; and this has given very satisfactory re 
sults at suitable pressures. The discharge orifice is re 
cessed somewhat below the outermost i portions of the 
face of the nozzle, being here shown at the bottom of 
a semi-cylindrical depression 33 which extends parallel 
to the major diameter of the elongated outlet opening 
32. The fan-like film issuing from the opening 32 when 
the liquids are supplied thereto at very high pressures 
is of a character illustrated in FIGURE 2. The par 
ticular film illustrated has almost exactly straight sides 
34 and 35 with an included angle of about 80° there 
between. 

It is important to provide sufficient pressure and fluid 
velocity in the expanding film to keep the film, sides sub 
stantially straight, preferably almost exactly straight, in 
order to achieve atomization of the desired fineness. The 
included ange between such sides must be at least 25° 
for desirable results, although in certain instances the 
angle might be as small as 15°, but preferably is at least 
50° or 60°. When liquid is delivered at high pressures 
through very small elongated orifices of the type here dis 
closed, there is a tendency to form “streamers” at each 
of the sides. “Streamers” are highly undesirable in the 
deposition of coating materials as they not only spoil the 
deposition pattern but also provide areas of large par 
ticle size with resultant detraction from field control and 
from the quality of the finish being applied. In order 
to obviate such streamers from these small orifices it 
is necessary to use liquid pressure of the order of 250 
pounds per square inch and preferably well in excess of 
300 pounds per square inch. In commercial work with 
the variabies encountered on a commercial production 
line, I find it often desirable to use a pressure at least 
of the order of 800 pounds per square inch. In fact, 
very satisfactory deposition patterns and atomization of 
synthetic enamel from the jet oriffice described have been 
attained with pressures in the neighborhood of 1700 
pounds per square inch, for example. 

In a film of the fan-like type illustrated in FIGURE 
2, very high pressures result in the formation, at least 
at and near the edge of the film where it is breaking 
up into discrete particles, of arcuate waves identified as 
Sása to 36i; and radially extending striations or areas of 
greater and lesser density here identified as 37a to 37g. 
The arcuate waves appear at somewhat lower pressures 
than the striations. I find it important to drive the liquid 
fast enough relative to the surrounding air to cause the 
arcuate waves to have a very short wave length, prefer 
ably of less than of the order of one-twentieth of an 
inch, in order to provide atomization into particles of 
a suitable fineness. It will be understood that the draw 
ing of FIGURE 2 comprises a magnification of several 
items, as it has been found in practice that the distance 
from the front edge of the film where it is breaking up 
into discrete particles, to the orifice 32, is preferably 
no more than an inch and most desirably not more than 
34 of an inch, very satisfactory operating resuits being 
secured when this distance is of the order of %4 of an 
inch. 

For production line painting it is important to make 
the nozzle, or at least the portion having the projection 
orifice therein, of highly wear-resistant material. Tung 
sten carbide or a jewel such as a diamond are very 
satisfactory, and stainless steel has also proven satisfac 
tory. The orifice must be of small enough size that in 
conjunction with the very high pressures used it will 
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3 
produce the desired fineness of atomization at the re 
quired delivery rate. Where open articles, such as tubu 
lar steel chair frames or bicycle frames, are to be painted, 
delivery rates of less than 250 cc. per minute are most 
satisfactory and, in the painting of such articles, the 
greatest benefit from the electrostatic forces is realized. 
With less “open” articles, delivery rates can be increased 
to 400 cc. per minute, and the delivery rate may be 
further increased as the ratio of surface area to open 
area of the article also increases. 

While a high velocity expanding fan-like film has been 
illustrated in the figure and described in detail, it will be 
understood that a circular rather than elongated orifice 
may be used in conjunction with a spinner insert in the 
passageway 3 to provide a hollow conical film; and that 
sulch a film will have the wave and other characteristics 
described and will also under such conditions provide 
suitable atomization. Satisfactory results have been ob 
tained with circular orifices having the same general order 
of effective orifice diameter as those used with slotted 
orifices previously mentioned. In either case, with the 
pressures, velocities, and other conditions described, the 
atomization is substantially entirely a function of the me 
chanicai effects set up in the high velocity expanding film 
by virtue of its relative movement with respect to the 
surrounding air and by virtue of the turbulent or non 
laminar flow through the orifice, with any electrostatic 
field applied to the film having little atomizing effect. 

in the particular embodiment illustrated in FIGURES 
1-6 of the drawings, suitable high voltage power packs 68 
and 69 have one terminal grounded and the other or “hot” 
terminal connected to the jet, so that the nozzle or the 
paint-film projected from it acts as one electrode of the 
field having the grounded article as the other electrode. 
In order to have sufficient electrical effect, particularly to 
pick up and carry forward particles which might other 
wise be lost as under-spray dropping out before reaching 
the article, it is necessary in this particular embodiment 
to have the total potential difference of the field at least 
40,000 volts. Where, as in the apparatus of FRGS. 1-6, 
the field exists between the atomizer and the articles, it 
is usually desirable that the atomizer be so located with 
respect to the articles that a substantial dispersion of the 
spray particles and a substantial decrease in their momen 
tum will occur before they reach the immediate vicinity 
of the articles, as the tendency of the particles to be car 
ried past the articles and lost as overspray may thereby 
be reduced. However, in the coating of articles having 
depressions, or for other reasons, the momentum of the 
particles may be employed as a control factor to produce 
adequate coating, and in that event it may be desirable to 
position the atomizer close enough to the articles to in 
sure that the particles being deposited retain sufficient of 
their initial momentum to insure an adequate coating. 
Where particle momentum is not to be so employed as a 
control factor, in order to achieve maximum deposition 
efficiency, it may be desirable that the distance between 
the atomizer and the articles, measured along the spray 
axis, be at least 20 inches. Where the spray axis is per 
pendicular to the article path very satisfactory results 
have been obtained by spacing the atomizer 30 inches 
or a little more from that path. Closer spacings can be 
employed without substantial decrease in deposition effi 
ciency if the atomizer is arranged to discharge at an acute 
angle to the article path. It has been found that with 
either of the gun orientations just menioned, particle 
charging is improved as the voltage i gradient is increased. 
With either arrangement the voltage supply output and 
the electrostatic system configuration should be such as 
to maintain average potential gradients of at least about 
5,000 volts per inch and preferably at least 10,000 volts 
per inch. When close spacings are used, as in the case 
where the inozzle or liquid film serves as the high voltage 
electrode and it is not deemed desirable to minimize the 
effect of particle momentum imparted by the hydrostatic 
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pressure, supply voltages may be as low as 40,000 volts. 
When larger spacings are employed it may be desirable 
to employ supply voltages of 100,000 to 150,000 volts 
OI CW2 Ore v 

The form of my invention illustrated in FIGURES 1 
to 3, and heretofore described, is very satisfactory for 
most - production ines, but there are situations where 
greater control of the rate of delivery from a given sized 
orifice is desirable. For example, where short runs of 
articles differing markedly in size are being painted in 
“batches,” it may be undesirable to have to remove and 
replace jets frequently during a shift in order to provide 
the widely varying paint deliveries necessary for main 
tenance of a desired film thickness on articles of substan 
tially different size moving at the same conveyor speed. 

- Yet, with a given sized orifice, control of output by varia 
tion of pressure in the liquid coating material being sup 
plied to the jet results in relatively small changes in out 
put flow, since rate of flow of a given liquid through a very 
small orifice of the type with which I am here concerned 
is a function of the square root of the pressure. For 
example, if the system is operating on cabinets of a given 
size, and cabinets only half that size then come down the 
same line, output volume of coating material should be 
reduced by one-half. However, if the system has been 
operating at 1200 pounds delivery pressure to the jet, re 
duction of this pressure to 800 pounds only results in a re 
duction of volume of 18%. It would be necessary to 
drop delivery, pressure to 300 pounds per square inch in 
order to º cut the delivered volume to one-half; and yet 
where i a high quality finish is desired, the atomization 
effected at 300 pounds pressure may be undesirable. 

Accordingly, I have devised and am here illustrating in 
FIGURES 4 to 6 a jet atomizing system which enables 
liquid pressure to be maintained at a desired discharge 
level, as 800 pounds per square inch, and yet permits wide 
variation in the volume of coating material delivered, 
being adjustable even during operation of an electrostatic 
coating system. Generally speaking, I accomplish this 
by i maintaining the liquid in a supply chamber immedi 
ately behind a jet orifice at the desired high pressure at all 
times, while rapidly opening and closing the communica 
tion between the orifice and the liquid supply chamber, 
with control of the volume of output being effected by 
variations of the relative duration of the open and closed 
periods. 

I also find that some coating materials now being used 
commercially, as acrylic lacquers, have a tendency to 
settle out with even a brief cessation of flow. Under 
some conditions of triggering, the arrangement shown in 
FIGURES 1 to 3 permits undesirable settling of an acrylic 
lacquer, and accordingly, H have devised an arrangement 
which keeps the paint filowing at all times even if the 
atomizing orifice is closed. 

Referring now more particularly to the embodiment of 
my invention illustrated in FIGURES 4, 5, and 6, the 
atomizer comprising the hydrostatic jet orifice 71 is again 
shown as mounted upon the vertically movable rod 72 
of a reciprocator. This rod carries a first or main Sup 
port bracket 73 having upturned ends 73a and 73b. The 
end 73a carries a motor 74; and since the bracket and 
associated parts are at high voltage during operation of 
the system, this would be energized through an isolating 
transformer, or may be an air or hydraulic motor. A 
splined shaft 75 is journaled in the bracket ends and 
adapted to be rotated by the motor at some Suitable and 
preferably relatively low speed as, for example, 300 
r.p.m. The splined shaft carries a control cam member 
76, this cam having a raised portion 76a and a recessed 
portion 76b. As may be best seen in FIGURE 4, the 
raised portion occupies a progressively greater portion 
of the periphery of the cam toward the left end of the 
cam as it is viewed in this figure, and a progressively 
lesser portion of the periphery toward the lower right 
hand end of such cam. The left-hand portions of FIG 
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URES 6A, 6B and 6C show representative cam portions 
along the section lines indicated on FIGURE - 4. 
A second bracket member 77 is fixedly mounted on 

the first bracket 73, and in turn carries the hydrostatic 
jet atomizer (to the left as viewed in FIGURE 5) andi 
the arrangement for controlling the average volume of 
liquid coating material atomized therefrom in a given 
length of time. Referring now more particularly to FRG 
URE 5, a yoke 78 is slidable in ways in the bracket 77, 
being adapted to move right and left as viewed in this fig 
ure. The yoke surrounds the control cam 76, and has 
mounted in one of its legs a cam follower or roller 79. 
The yoke is constantly urged to the left (as viewed in 
FIGURE 5) by a spring 80 in a spring housing 8, the 
spring bearing against a reciprocable rod member 82 
mounted on the yoke 78. Rotation of the cam 76 thuis 
permits the spring to move the yoke to the left when a 
recessed portion of the cam is adjacent the roller 79, 
and moves the yoke to the right an appreciable distance 
when a raised portion of the cam surface is in contact 
with the roller 79. 

Referring now more particularly to the part shown at 
the left of FIGURE 5, the jet nozzle 83 having the 
orifice 7 therein is mounted in a body member. 84 in 
such a manner as to provide a supply cavity 835 immedi 
ately behind the jet orifice 7 and adapted to be in com 
munication therewith. The atomizing orifice is of one of 
the type heretofore described in this application, as for 
example, an elongated orifice which may be 0.010 inch 
in vertical dimension and 0.004 or 0.005 inch as in trans 
verse dimension. Liquid coating material is kept under 
high hydrostatic pressure in the supply chamber 85 at 
all times during operation of the equipment, preferably 
by a circulating system wherein a pump delivers liquid 
coating material through a supply tube 86 and has such 
material returned through tube 87. In accordance with 
known methods of recirculating while maintaining pres 
sure, the return passage would be provided at some point 
with a restrictive orifice so related to the capacity of the 
supply pump that it can at ail times maintain in the sup 
ply chamber 85 a desired operating pressure, as 1,000 
pounds per i square inch. A valve rod 88 has one end 
close to the inner end of the orifice 74 and its other (or 
right-hand eind as viewed in FIGURE 5) mounted on 
the yoke 78 to be moved thereby, and provides means for 
interrupting the supply to the orifice, and for minimizing 
clogging. A suitable packing arrangement is provided 
to prevent loss of liquid from the supply chamber 85 
while permitting reciprocation of the valve rod 88, this 
being here shown as packing meams 89 held in place by 

- a gland nut 989. 
Average volume of flow from the jet orifice 7’?i in a 

- given length of time, as one minute, is thus regulated by 
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iocation by suitable adjustment means. 

the amount of time during which the valve rod closes 
the orifice, relative to the amount of -time during which 
the orifice is open to or in communication with the sup 
ply chamber. When the valve rod moves away from the 
orifice it substantially instantaneous (within a º few 
thousands of an inch of valve rod movement) provides 
full connection between the high pressure liquid in the 
supply chamber and the orifice, resulting in immediate 
good - quality atomization continuing for as long as such 
communication remains open. - - - 

Control of the effective rates of flow of the liquid 
coating material, the average volume atomized in a given 
length of time, is obtained by varying the relative dura 
tion between the period when the atomizing orifice is in 
open communication with the supply chamber and the 
period when such communication is interrupted. In order 
to effect this regulation, the cam 76 is movable along the 
splined shaft 75, being moved to and held in a desired 

The adjustment 
means is here shown as a bracket member 91 adapted 
to be moved by a threaded shaft 92, threaded into the 
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end 73b of the main mounting bracket. Rotation of 
this threaded member 92, as by use of a screw driver 
in the slot 92a (which adjustment may even be effected 
during operation of the equipment by use of screw driver 
with a suitable insulating shank) changes the position of 
the cam along the splined shaft to provide an increase or 
decrease of the period of time when filow is permitted 
through the atomizing orifice 71 relative to the period of 
time during which such flow is interrupted. By opening 
communication with the orifice several times per second, 
as 5 times per second with the 300 r.p.m. rotation here 
tofore mentioned, satisfactory evenness of paint deposi 
tion may be secured on the article being coated, while at 
the same time substantial variation may be effected in 
the average volume of coating material being delivered. 

in this regard, FIGURES 6A, 6B and 6C are repre 
sentative of flow relationships which may be obtained. 
When the control cam is moved far down to the lower 
right (as viewed in FIGURE 3) until the section AA is 
in line with the cam following roller 79, it will be seen 
in F?GURE 6A that liquid flow communication is kept 
open a large percentage of the time, so that the average 
volume of liquid coating material delivered would be 
about 85% of that which would be delivered if the jet 
were uninterrupted and operating at the same pressure. 
Referring next to FIGURE 6B and its associated graph, it 
will be seen that when the cam is in mid-position (as 
illustrated in FIGURE 4) the communication between 
the jet orifice 7 and the supply chamber 85 is open half 
of the time and closed half of the time, resulting in de 
livering an average volume of coating material which is 
half that which would be delivered by the same jet with 
out any control means. FIGURE 6C shows the operative 
cam section and associated graph when only a very small 
fiow is desired, communication between the atomizing 
orifice and the supply chamber being only about 15% of 

. the time under these conditions. In each case the sub 
stantially instantaneous operation of the valve rod 88 pro 
vides a substantially square wave form, as illustrated, 
maintaining good uniformity and quality of atomization 
despite the periodic interruption. Moreover, the move 
ment of the valve rod, and the ability to use a larger 
orifice at low delivery rates, avoids clogging of the nozzle 
by paint solids. 

It will be apparent that this arrangement enables de 
sired atomizing pressures (as 800 to 1000 pounds per 
square inch) to be maintained at all times in the supply 
chamber 85; permits a wide range of control of the volume 
of coating material delivered by use of the control ar 
rangement heretofore described; provides for continuous 
recirculation of coating materials requiring it; and 
eliminates clogging of the atomizing orifice. 

Referring now to the embodiment of the invention ilius 
trated in FIGURE 7, there is shown a spraying device 696 
having a barrel 101 of insulating material. The barrel 
18 is secured to a metal body 103 in a suitable manner 
and the body is electrically grounded. Extending through 
the body 193 and barrel 19 is an insulation covered lead 
line 94 connected to the hot terminal of a power pack 
(not shown) and by means of an electrical connection 105 
to a resistor 106. The resistor 16 may have a resistance 
of the order of 160 megohms, and is connected at its right 
hand end to a contact member 96a which in turn is con 
nected to a fine wire electrode 107 having a terminal por 
tion 1898 which extends outwardly of an end cap 699 and 
nozzle plate G9a, both of which may be of electrically 
insulating material, and lies closely adjacent but radially 
spaced from an orifice 110 from which the paint is ex 
pelled. The distance from the electrode terminal portion 
to the closest grounded gun part (the forward end of 
atomizer body 1993) is about six inches. It is preferred 
to use a slim electrode, one of no more than about 0.1 
inch in diameter and most desirably one about .01 or 02 
inch in diameter. The electrode is preferably pointed. 

Like the orifices described in the other embodiments, 
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the orifice 19 is formed in a nozzle member 26 of 
highly wear-resistant material such as tungsten carbide 
or diamond and has a .005 inch minimum or minor diam 
eter, and a .015 inach major diameter, the combination pro 
ducing an orifice approxiately equivalent to a circular 
orifice having a diameter of .009 inch. 

Paint is delivered to the atomizer from a source (not 
shown) through a passage i? in the atomizer body 

- which connects to a longitudinally extending passage ili? 
in the barrel which is terminated by a valve seat 43 lo 
cated at the end of the passage immediately adjacent 
nozzie 26 and communicating with the orifice 9. The 
valve is controlied by the tapered end of a valve member 
í4 connected to an actuating rod 5 of insulating mate 

rial, in turn connected to operating means not shown. 
Paint under the high pressures previously described 

herein is supplied to the atomizer through passage 1 
and emerges from the orifice 10 in the form of a fan 
shaped film 221 as shown in FIGURES 8 and 9, which 
at a zone of atomization 122 breaks up into a fan-shaped 
spray 23 of atomized particles. Leakage of paint into 
the area of the barrel occupied by the resistor 66 is 
prevented by an O-ring 132 surrounding a fitting 33 
through which the electrode contact member 66a passes. 
Like the barrel 1694, valve actuator rod 45, end cap 469 
and nozzle plate i DS9a, the fitting 33 is made of insulat 
ing material. 

Ht will be noted from FIGURES 8 and 9 that the end 
S of electrode 197 is spaced from one surface of the 

film fan 2E, and also terminates short of the zone of 
atomization 22. Thus, the electrode wire is positioned 
out of the paint stream issuing from the orifice i ili and 
its terminal portion is located intermediate the orifice 
and the zone of atomization where the film breaks up 
into spray particles. In the particular embodiment iilus 
trated, the exposed portion of the electro?e is offset about 
4/6 inch from the surface of the film and the terminal por 
tion 3 is about 3/8 inch rearward of the zone of atomiza 
tion i 22. It has been found that locating the electrode 
tip rearwardly of the zone of atomization in this embodi 
ment provides more effective charging of the spray par 
ticles, and thus higher deposition efficiency than would 
be obtained if the electrode projected forwardly to or 
beyond the atomizing zone. Locating the electrode 
spaced from the film prevents electrical blunting of the 
electrode by the paint and also prevents the electrode 
from interfering with formation of the desired film and 
with the atomizing process. While one electrode is shown 
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and is preferred for obtaining the best deposition efficiency, 
more than one electrode may be used. For example, 
satisfactory results have been obtained where two i elec 
trodes rather than one extend forwardly of the atomizer 
generally in a plane parallel to the face of the liquid film 
and terminate 1/8 inch rearwardly of the atomizing zone 
and are spaced /8 inch from the face of the liquid film 
and their terminal portions are spaced from each other 
about .05 inch. 
The electrode 1097 is maintained at high electrostatic 

potential by being connected in the manner described to 
a power pack so as to produce normally a potential on 
the electrode terminal portion #98 of the order of 50,000 . 
volts. Inasmuch as the forward end of the atomizing 
gun i 909 is adjacent the electrode 17 and is insulated 
from ground it acquires a potential normally substan 
tially equal to the potential on the electrode 1897 or, at 
least a pottential which differs from the potential on the 
electrode by not more than a small percentage (nor 
mally less than 10%) of the voltage applied to the elec 
trode. Assuming a normal electrode-to-target spacing 
of ten inches, this would provide a field to the articie 
with an average potential gradient of 5,000 voits per inch, 
and with the grounded atomizer body 193 spaced only 
about six inches rearwardly of the electrode terminal por 
tion 488, there would also be a field to the grounded body 
with an average potential gradient in excess of 8,000 volts 
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per inch. The presence of the grounded atomizer body 
at a fixed and relatively short distance from the electrode 
has certain advantages. Being fixed, a minimum poten 
tial gradient is insured adjacent the eiectrode despite any 
variations in - distance between the atomizer and the 
articles to be painted. The relatively short distance be 
tween the charging electrode and the grounded body makes 
it possible to achieve a high local potential gradient adja 
cent the electrode tip and hence effective charging of the 
atomized paint with a lower voltage applied to the elec 
trodie, and the use of a lower appilied voltage in turn makes 
possible the use of a smallier and less expensive power pack 
and a lighter and more flexible high voltage lead line, the 
latter being of particular importance when the atomizer 
is to be hand operated. A further reduction in eiectrodie 
potential can be achieved without serious loss in deposition 
efficiency by still further reducing the distance between the 
charging electrode and the grounded body. Very satis 
factory results have been obtained with a device of this 
type providing an electrode-to-ground spacing of about 
three inches and operating with an electrode potential in 
the order of 25,000 volts. 

Use of a spray-charging electrode like 107 in the ap 
paratus shown in FIGS. 7–9 provides far more effective 
charging of the spray particles than has been found to be 
possible where tiae nozzle only is maintained at high volf 
age for the pupose of charging the film. An electrode 
like 197 can be used where the potential difference be 
tween such electrode and the article provides the soie 
charging field. This may be accomplished by eliminating 
grounded body portion 93, in which event the entire 
atomizing device may be of conducting materiai suitably 
isolated from ground. For most effective results, this 
arrangement requires quite high voltages to compensate 
for the greater distance between electrodes, the second 
electrode being the article. Aliso, in this arrangement if 
the distance between the electrode and the article varies 
appreciably, it is necessary to make a significant compen 
sating voltage change in order to maintain consistent 
charging effectiveness. Satisfactory results can be 
achieved, however, with a constant applied voltage par 
ticularly when the atomizer to, article distance does not 
vary over wide limits. In the arrangement shown in 
FIGS. 7-9, a charging effectiveness is maintained reason 
ably consistet even if there are relatively large changes 
in the spacing between the atomizer and the article with 
out making appreciable compensating voltage changes. 
While i have shown and described certain embodiments 

of my invention, it is to be understood that it is capable 
of mainy modifications. For example, the atomizing de 
vices, particularly device É968, can be adapted for use as 
a hand-held spray gun by forming the metal body $3 at 
the rear end of the gun to provide a handle. The use of 
the resistor 1436 is particularly advantageous in a hand 
held gun as it serves to limit the intensity of any electrical 
discharge which would occur upon approach of the elec 
trode 1687 to any grounded object or any portion of the 
operator’s body, and thereby reduces fire and shock haz 
ards. Where reduction of such hazards is important, it 
is advisable to make the contact member 96a and the 
electrode 1937 as small as possible in order to reduce their 
electrical capacitance. For the same reason, it may be 
desirable to make the nozzle member 1426, the valve seat 
4:13, and at least the forward eind of the valve member 
E 44 of insulating material. If the forward portion of the 
gun is made of conducting material the foregoing haz 
ards wil not be eliminated. - - 

i clain: 
1. The method of electrostatically spray-coating an 

article which comprises continuously supplying liquid 
coating materiai under high hydrostatic i pressure of at 
least two hundred fifty pounds per square inch to a small 
orifice in a single-fluid atomizing head, said orifice having 
an effective opening equivalent to a circular orifice of not 
greater than about fifteen thousandths of an inch in di 
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ameter, projecting the coating material therefrom into 
the surrounding atmosphere with a very high velocity, the 
coating material forming a thin expanding film with gem 
erally straight sides defining an angle of at least 15° and 
having a forward edge, the thickness of said film being 
less than the transverse extent thereof throughout the 
length of said film, to effect atomization of the coating 
material from said edge into fine spray particles, the dis 
tance of the center of said film edge from said is orifice 
being not in excess of about three-quarters of an inch, 
whereby the particles are of a size providing on deposition 
a spray spot size of not greater than of the order of twenty 
thousandths of an inch in diameter, effecting relative 
movement between said head and the article surface trans 
verse to the general direction of spray particle movement 
while maintaining the space between the articie and said 
head great enough to permit substantial dispersion of the 
spray particles and at least several inches, maintaining a 
quiescent atmosphere adjacent the article, and providing 
an electrostatic charging field having an average gradient 
of the order of five thousand volts per inch electrostat 
ically to charge and carry through said quiescent atmos 
phere and deposit on said article while still in liquid state 
a substantial portion of the spray particles which would 
not otherwise have been deposited thereon, the relative 
movement being such as to effect a substantial displace 
ment between the article surface and head transverse, to 
the general direction of spray particle movement during 
particle deposition. 

- 2. A method of the character claimed in claim 1 where 
in the coating material is projected in a thin hollow con 
ical film. · 

3. The method of electrostatically spray-coating an 
article which comprises supplying liquid coating material 
under high hydrostatic pressure to a small orifice, pro 
jecting the coating material therefrom into tae surround 
ing atmosphere with a very high velocity as a thin expand 
ing fan-like film with generally straight sides defining an 
angle of at least 15° and having an edge, said pressure 
being great enough that the projection of saidi film - from 
said orifice to said edge is not in excess of an inch, and 
said film having a thickness less than its width throughout 
the length thereof, to º effect atomization of the coating 
material from the film edge into fine spray particles of a 
size providing on deposition a spray spot size of Iess than 
twenty thousandths of an inch in diameter, effecting rela 
tive movement between said head and the article surface 
transverse to the general direction of spray particle move 
ment while maintaining the space between the article and 
said head great enough to permit substantial dispersion 
of the spray particles and at least several inches, main 
taining a quiescent : zone in the atmosphere adjacent the 
article, and providing an electrostatic field having an 
average gradient of the order of ten thousand volts per 
inch extending between the article and the edge of said 
film i electrostatically to charge and - carry through said 
quiescent atmosphere and i deposit on said article while 
stiil in liquid state a substantial portion of the spray par 
ticles which would not otherwise have been deposited 
thereon, the movement of said articie being such as to 
effect a substantial displacement of the article surface 
transverse to the general direction of spray particle move 
ment during particle deposition. N 

4. The method of electrostatically spray-coating an 
article which comprises supplying liquid coating material 
under high hydrostatic pressure to a small orifice in a 
single-fluid - atomizing head, projecting the coating ma 
terial therefrom into the surrounding - atmosphere with 
a very high velocity as a thin fan-like film having an edge 
and substantially straight sides with an included angle of 
at least 25°, said pressure being at least three hundred 
pounds per square inch and sufficient that the length of the 
film from said orifice to said edge is less than one inch, to 
effect atomization of the coating material from the film 
edge into fine spray particles of a size providing on dep 
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osition a spray spot size not Îarger than aboliit .020 inch, 
effecting relative movement between said head and the 
article surface transverse to the general direction of spray 
particle movement while maintaining the space between 
the article and said head great enough to permit substan 
tial dispersion of the spray particles and at least several 
inches, maintaining a quiescent zone in the atmospher 
adjacent the article, and providing - an electrostatic field 
having an average potential gradient of at least five thclu 
sand volts per inch electrostatically to charge and to 
carry through said quiescent atmosphere and deposit on 
said article while stili in liquid state a substantial portion 
of the spray particles which would not otherwise have 
been deposited thereon, the relative movement being such 
as to effect a substantial displacement between the article 
surface and head transverse to the general direction cf 
spray particle movement during particle deposition. 

5. The method of electrostatically - spray-coating an 
article which comprises supplying liquid coating material 
under high hydrostatic pressure to a small , orifice and 
projecting the coating material therefrom into the sur 
rounding atmosphere as a thin expanding fan-like film 
having an edge and substantially straight opposite sides 
which diverge to define an angle of at least 15°, said pres 
sure being sufficient that the length of said thin expanding 
film to said edge is no more than approximately one inch, 
to effect atomization of the coating material from the film 
edge into fine spray particles which when deposited have 
a spray spot size no greater than of the order of .020 inch, 
maintaining a quiescent zone in the atmosphere adjacent 
the article, the distance of the article from the orifice 
being sufficient to permit substantial dispersion of the 
spray particles and at least several inches, providing an 
electrostatic charging field extending from a terminus be 
tween said orifice and the edge of said film and betwee1 
the sides of the film, said field having an average poten 
tial gradient of at least five thousand volts per inch, eiec 
trostatically to charge and carry through said quiescent 
atmosphere and deposit on said article while still in liquid 
state a substantial portion of the spray particles which 
would not otherwise have been deposited thereon, and 
effecting relative movement - between the orifice and the 
article surface transverse to the general direction of spray 
particle movement during particle deposition. 

6. The method of electrostatically spray-coating an 
article which comprises supplying liquid coating material 
under high hydrostatic pressure to a small orifice having 
an effective opening equivalent to a circular orifice of not 
greater than fifteen thousandths of an inch in diameter 
and projecting the coating material therefrom into the 
surrounding atmosphere with a very high velocity as a 
thin expanding film having an edge and generally straight 
diverging sides which define an angle of at least 15°, said 
pressure being at least three hundred pounds per square 
inch and sufficient that the length of said thin expanding 
film to the center of said edge is no more than approx 
imately one inch, to atomize the coating material from 
the film edge into fine spray particles which when depos 
ited have a spray spot size no greater than of the order 
of .020 inch maintaining a quiescent zone in the atmos 
phere adjacent the article, the distance of the article from 
the orifice being sufficient to permit substantial dispersion 
of the spray particles and at least several inches, provid 
ing an electrostatic field extending from an electrode ad 
jacent the film to the article having a total potential dif 
ference of at least twenty-five thousand volts electro 
statically to affect charging and carry through said quies 
cent atmosphere and deposit on said article while still in 
liquid state a substantial portion of the spray particles 
which would not otherwise have been deposited thereon, 
and effecting relative movement between the orifice and 
the article surface transverse to the general direction of 
spray particle movement during particle deposition. 

7. The method of claim 6 wherein saíd field extends 
from a substantially point-like terminus. 
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8. The method of electrostatically spray-coating an 

article which comprises supplying liquid coating mate 
rial under high hydrostatic pressure to a small orifice and 
projecting the coating material therefrom into the sur 
rounding atmosphere with a very high velocity as a thin 
expanding film having substantially straight diverging 
sides defining an angle of at least 15° and a forward edge, 
said pressure being sufficient that the projection of said 
film from said orifice to said edge is between about 1% 
and 10% of the distance of the article from the orifice 
but in no event in excess of one inch, to effect atomization 
of the coating material from the film edge into fine spray 
particles of a size providing on deposition a spray spot 
size no greater than .020 inch, maintaining a quiescent 
zone in the atmosphere adjacent the article, the distance 
of the article from the orifice being sufficient to permit 
substantial dispersion of the spray particles and at least 
several inches, providing an electrostatic field to the arti 
cle having a total potential difference of at least twenty 
five thousand volts electrostatically to charge and carry 
through said quiescent atmosphere and deposit on said 
article while still in liquid state a substantial portion of 
the spray particles which would not otherwise have been 
deposited thereon, and effecting relative movement be 
tween the orifice and the article surface transverse to the 
general direction of spray particle movement during, parti 
cle deposition. 

9. The method of claim 8 wherein said field is pro 
vided from a terminus located between said orifice and 
the edge of said film. 

10. The method of electrostatically spray-coating an 
article which comprises supplying liquid coating material 
under high hydrostatic pressure to a small orifice and 
projecting the coating material therefrom into the sur 
rounding atmosphere with a very high velocity as a thin 
expanding film with substantially straight diverging sides 
which defines an angle of at least 15° and a forward edge, 
said pressure being sufficient that the distance from said 
orifice to said edge is no more than one inch, the thick 
ness of the film at said edge being substantially less than 
the extent of such edge, to atomize the coating material 
from the film edge into fine spray particles which upon 
deposition on said article provide a spray spot size no 
greater than of the order of .020 inch, frequently inter 
rupting the Supply of coating material to said orifice for 
regulating the average rate of coating material delivery 
therefrom, maintaining a quiescent zone in the atmos 
phere adjacent the article, the distance of the article from 
the orifice being sufficient to permit substantial dispersion 
of the spray particles, providing an electrostatic field to 
the article having a total potential difference of at least 
forty thousand volts electrostatically to charge and carry 
through said quiescent atmosphere and deposit on said 
article while still in liquid state a substantial portion of 
the spray particles which would not otherwise have been 
deposited thereon, and effecting relative movement be 
tween the orifice and the article surface transverse to 
the general direction of spray particle movement during 
particle deposition. 

11. Apparatus for electrostatically spray-coating an 
article comprising: a single-fluid atomizing device having 
therein means defining a small elongated orifice with a 
ratio of length to width of at least 2 and so formed that 
liquid Supplied under high hydrostatic pressure to said 
orifice Will be ejected therefrom as a thin expanding fan 
like film having an edge and almost exactly straight sides 
With an included angle of at least 15°; means for sup 
plying liquid coating material to said orifice under hy 
drostatic pressure so high that the length of the film 
to the center of said film edge is no greater than about 
one inch and that the coating material is atomized from 
the film edge into fine spray particles having a size pro 
viding on deposition a spray spot size of not greater than 
of the order of twenty thousandths of an inch in diam 
eter; and a high voltage power pack connected to said 
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atomizing device providing an electrostatic field having 
an average gradient of at least five thousand volts per 
inch extending between said atomizing device and the 
article to be coated, electrostatically to affect deposition 
on said article while still in liquid state of a substantial 
portion of the spray particles which would not otherwise 
have been deposited thereon. 

12. Apparatus of the character described in claim 11. 
wherein said atomizing device includes a slender elec 
trode connected with said high voltage power pack and 
having a terminal portion disposed in a position spaced 
from but close to one face of said film but between the 
sides of said film. 

13. Apparatus for electrostatically spray-coating an 
article, comprising: a single-fluid atomizing head hav 
ing therein means defining a small elongated orifice with 
a maximum dimension not greater than about fifteen 
thousandths of an inch; means for supplying liquid coat 
ing material to said orifice under high hydrostatic pres 
sure well in excess of three hundred pounds per - square 
inch, to effect projection of the coating material from 
said orifice means into the surrounding atmosphere at a 
rate of less than about four hundred cubic centimeters 
per minute but with a very high velocity, said orifice 
means having a configuration such that said coating mate 
rial is projected as a thin expanding film having sub 
stantially straight sides with an included angle of at least 
Î5° and a forward edge from which coating - material is 
atomized into fine spray particles of a size providing 
om deposition a spray spot size of less than about twenty 
thousandths of an inch; means for frequiently interrupting 
the supply of coating materiai to said orifice for regu 
lating the volume of liquid coating material atomized 
from said orifice in a given length of time; means for 
moving the article through quiescent atmosphere along 
a path such that the distance of the article from said 
orifice when the path intersects the axis of the orifice is 
great enough to permit substantial dispersion of the spray 
particles; and a high voltage power pack providing an 
electrostatic depositing field having a total potential dif 
ference of at least forty thousand volts extending from 
said orifice means to the articie to charge and carry 
through said quiescent atmosphere and deposit on said 
article while stil in liquid state a substantial portion of 
the spray particles which would not otherwise have been 
deposited thereon, the movement of said article being 
such as to effect a substantial displacement of the articie 
surface transverse to the general direction of the lines 
of force of the field during particle deposition to cause 
such lines of force to sweep such article surface. 
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14. Apparatus for electrostatically spray-coating an 

article comprising: a single-fluid atomizing head having 
therein means defining a small elongated orifice having 
an effective opening equivalent to a circular opening not 
greater than about .015 of an inch in diameter and so 
formed that liquid supplied under high. hydrostatic pres 
sure to the orifice will be ejected therefrom as a thin 
expanding film having an edge and substantially straight 
sides defining an angle of at least 15°; means for supply 
ing liquid coating material to said orifice under hydro 
static pressure so high that the length of the film to the 
center of said film edge is no greater than about one 
inch and that the coating material is atomized from the 
film edge into fine spray particles having a size providing 
on deposition a spray spot size of not greater than about 
.020 of an inch in diameter; means for moving the article 
through quiescent atmosphere along a path such that the 
distance of the article from said orifice when the path 
intersects the axis of the orifice is - great enough to per 
mit Substantial dispersion of the spray particles; a thin 
wire electrode mounted on the atomizing head and extend 
ing forwardly therefrom in the direction of ejection of 
said film adjacent, but spaced from one face of said filim 
and between the sides thereof; and a high voltage power 
pack connected to said electrode for providing an elec 
trostatic field having a potential gradient of at least 5,000 
volts per inch for charging the atomized particles to 
charge and carry through said quiescent atmosphere and 
deposit on said article while still in liquid state a sub 
stantial portion of the spray particles which would not 
otherwise have been deposited thereon, the movement of 
said article being such as to effect a substantial displace 
ment of the article surface transverse to the general di 
rection of spray particle movement during particle deposi 
tion. W 

15. Apparatus of the character described in claim 14 
ywherein the electrode has a terminal portion and the spac 
ing between the terminal portion and the extension of the 
orifice axis is less than the distance between the termina 
portion and the orifice. M 
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