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ABSTRACT OF THE DISCLOSURE 
An electrostatic coating apparatus for controlling the 

thickness and uniformity of the coating deposited on a 
workpiece. A linear array of a plurality of uniformly 
charged electrostatic spray guns are mounted on a recip 
rocable stem and an electrode is provided on said stem 
at each side of said array, spaced from the adjacent gun 
at a distance substantially equal to the spacing between 
adjacent spray guns and charged to the same potential, 
the ends of the electrodes being spaced from the work at 
substantially the same distance as the discharge ends of 
said spray guns. 

-arrassassistacaroa 

This is a continuation of application Ser. No. 351,666, 
filed Mar. 13, 1964. 

This invention relates to a film thickness control for 
electrostatic coating systems and has for its primary ob 
ject to provide an apparatus in which auxiliary electrodes 
are used in conjunction with a plurality of electrostatic 
spray guns to improve the uniformity of the coating 
deposited on a workpiece. 
Where an electrostatic spraying system is to be used for 

coating an extensive workpiece, as for example, a long 
panel suspended from an overhead, horizontally moving 
conveyor, it has been found that it is necessary to use a 
plurality of spray guns in an array. This expedient is 
adopted because the rate of material flow through a single 
electrostatic spray gun is somewhat limited for highest 
efficiency and if it were attempted to cover the entire 
workpiece with one gun, it would be necessary to operate 
the conveyor at an intolerably low rate of travel, and to 
reciprocate the gun vertically through a stroke Substan 
tially equal to the height of the workpiece. When an array 
of a plurality of electrostatic spray guns is used, more 
material can be deposited in a unit of time and the con 
veyor speed can be increased to a satisfactory, conven 
tional value. 
The association of a plurality of electrostatic spray 

guns in an array, however, leads to problems in obtaining 
uniformity of the film thickness, or the thickness of mate 
rial applied to the Workpiece, whether or not the array 
is reciprocated. If the array is reciprocated, more uniform 
deposition can be obtained than without the movement. 
The present invention relates to a means to control the 
film thickness deposited by an array of electrostatic spray 
guns and finds its highest use where the array is recip 
rocated, but will also be found to improve the uniformity 
of the deposition from even a stationary array. 

It is desirable that the variation in film thickness, or 
the thickness of a deposited coating of paint, for exam 
ple, be quite uniform over the entire coated area. The 
film thickness uniformity is expressed as a percentage or 
ratio between the thickest and thinnest parts of the coated 
areas. For example, if the thickest coated area is measured 
and found to have a coating of 0.010' in thickness, and 
thinnest area is measured and found to have a deposited 
coating of 0.0075, the uniformity is said to be 75 per 
cent. In practice, 70 percent uniformity is considered to 
be acceptable, and a uniformity of 80 percent is excellent. 

In electrostatic coating systems, particularly where a 
high charge is imparted to the coating material by a very 
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intense electrostatic field set up adjacent the issuing orifice, 
the spray pattern of a spray gun is influenced and may be 
drastically affected by the presence of neighboring similar 
ly charged apparatus. For example, if a single spray gun 
has a round deposition pattern, the association therewith 
of a like gun will cause a distortion of the pattern of 
each gun into a non-circular configuration that trails off 
into a sparse spray on the side removed from the neigh 
boring gun, and that is somewhat more dense in the areas 
between the spray guns. The resulting combined pattern 
has a pronounced tendency to be thicker in the central 
areas and thinner at the outside areas to the point where 
the coating thickness uniformity will be measured at less 
than the desired value. 
When three or more electrostatically charged spray 

guns are associated in a linear array it will be found 
that the pattern of the center guns is noticeably com 
pressed while the patterns of the outside guns in the array 
are undesirably extended away from the center to give a 
non-uniform pattern that is difficult to work with and that 
may produce an unacceptable coating on a large panel, 
for example. The reason for this difficulty apparently lies 
in the fact that with three or more guns, the inside spray 
patterns are subject to electrostatic interference from two 
sides, while the outside spray patterns are affected only 
from one side. This results in inside spray patterns that 
are electrostatically more compressed than the outside 
patterns, thus producing interior patterns of either a 
greater maximum film thickness or patterns having a 
steeper slope or both. 
The present invention is based on the discovery that 

the combined patterns of a plurality of electrostatic spray 
guns can be made uniform to an unexpectedly high de 
gree by introducing into the electrostatic field at each end 
of the array of a plurality of spray guns, a field modifying 
or compressing electrode charged to the same polarity as 
the charging electrodes of the spray guns themselves. The 
field modifying electrodes may carry a lower or higher po 
tential than the spray guns themselves, depending on the 
degree of pattern correction and compression that may 
be desired for a given workpiece, and may be energized 
from the same power source as the spray guns themselves, 
or from a different power source. In the most preferred 
embodiment of the invention, the spacing of electrostati 
cally charged guns within the array is uniform, the guns 
are charged to the same potential, and the spacing be 
tween the end guns and the field modifying electrodes is 
Substantially equal to the spacing between guns, the elec 
trodes being charged to the same potential and the same 
polarity as the guns themselves. In this manner, the com 
pressing effect on the spray deposition pattern of the gun 
adjacent the electrode will be substantially the same as 
the compressing effect on said pattern produced by the 
neighboring spray gun in the array. 
A preferred embodiment of the invention is illustrated 

diagrammatically in the attached drawings forming a part 
of this specification and in which: 

FIG. 1 is a diagrammatic view of an array of electro 
static spray guns embodying the present invention; 

FIG. 2 is a graph of film thickness or film cross sec 
tion of deposited coatings from an array of three electro 
statically charged spray guns without the modifying elec 
trodes provided by the present invention; and 

FIG. 3 is a graph similar to FIG. 2 indicating the film 
cross section resulting from the present invention. 

In the drawings, 10a, 10b and 10c designate electro 
statically charged spray guns of the type in which the 
spray gun itself, or an electrode carried by the spray gun, 
is brought to a high potential, for example 60 kV. to 120 
kV., preferably negative with respect to ground. Particles 
of coating material issuing from the gun acquire a high 
negative charge and are deposited on a grounded work 
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piece Wunder the influence of the electrostatic field which 
exists between the gun and the work. If desired, a positive 
charge may be placed on the gun and thus on the particles 
and further, the work may be at other than ground po 
tential as is well known in the art. It will be assumed for 
purposes of this description that the spray pattern of a 
single spray gun 10 is essentially circular. That is, if the 
gun is not moved, and if the work W is a large flat panel 
held stationary, coating material will be deposited on the 
work over a circular area. Because the density of the coat 
ing it not completely uniform throughout the circular 
area, it is known in the art that the spray gun may be re 
ciprocated to deposit a band of coating material that may 
be acceptably uniform in cross section. Further, if the 
work W is moved laterally on a conveyor across the space 
in front of the gun while the gun is reciprocating verti 
cally the entire panel will become coated with a layer of 
material that should be essentially uniform in thickness. 
The rate of reciprocation and the rate of lateral traverse 
are so related that the gun makes several vertical passes 
across the work during the time taken for the conveyor to 
traverse a distance equal to the width of the pattern. 

Electrostatic spray guns are limited in the quantity of 
coating material that can be satisfactorily atomized, 
charged and deposited in any given period of time. This 
quantity of material and the area of work to be coated 
determine the speed at which a conveyor carrying the 
work can be operated. For this reason, among others, it 
is frequently necessary to employ an array of two or more 
electrostatically charged guns. The present invention is 
applicable to any array, but is particularly useful where 
three or more guns are associated as a linearly arranged 
group. The benefits of the invention will be most pro 
nounced when the array of guns is reciprocated so that 
the combined spray sweeps across the work in a direction 
transverse to the direction of conveyor movement. 
As shown in the drawings the spray guns 10a, 10b and 

10c are mounted in any suitable manner on a stem 11. 
The spacing d between guns can be assumed to be adjust 
able for purposes which will become apparent. The stem 
11 is supported at its top and bottom by insulating arms 
12 and 13 which are pivoted to the steam and to a com 
mon frame 14. One of the arms 13 is extended rearwardly 
of the frame 14 and is driven to its reciprocating motion 
by an eccentric 15 powered by a motor 16 and connected 
to the arm 13 by a connecting rod 17. 
The spray guns 10a, 10b and 10c may be of any suit 

able type since the present invention is applicable to any 
electrostatic coating system whether the coating mate 
rial is atomized by mechanical or electrostatic force. 
The diagrammatic showing in FIG. 1 indicates guns of 
the type in which liquid coating material is supplied 
to each gun through a flexible hose or tube 18 and air 
is supplied through a flexible hose or tube 19 and is used 
to atomize the liquid and to operate the on-off control 
cylinder within the gun itself. Air operated and air 
atomizing spray guns are, of course, well known in the 
art. In the diagrammatic disclosure, the guns themselves 
are charged from a power pack E, one side of which is 
grounded and the opposite terminal of which carries a 
negative charging voltage, -V. If desired, the electro 
static field from each gun may be intensified by the intro 
duction of a central, needle-like electrode disposed in or 
closely adjacent to the nozzle of the gun where air 
atomization first takes place. 
When the spray guns 10a, 10b and i0c are charged 

simultaneously, the electrostatic field originating in each 
gun has a decided distorting effect on the field of its 
neighbors. In the electrostatic coating process the field 
intensity is preferably very high in the areas where the 
coating material, if it is liquid, is broken up into drop 
lets or atomized. The atomized particles will thus acquire, 
by ionic bombardment, the high charge that is requisite 
for efficient deposition of the atomized particles on the 
work. In passing to the work, the particles are largely 
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4 
influenced by the shape and intensity of the electrostatic 
field in the region between the guns and the workpiece, 
and if the field is distorted at the ends of the array the 
deposition on the work will be unequal in thickness in 
the direction of the length of the composite pattern from 
the three spray guns. FIG. 2 shows diagrammatically 
the inequality of the film thickness to be expected. In this 
figure the abscissa represents film thickness, greatly ex 
panded, and the ordinate represents lineal distance from 
end to end of the array of guns or a vertical dimension 
in the orientation of the parts shown in FIG. 1. The 
results are those obtained from vertically reciprocating 
an array of three spray guns in front of a moving work 
piece suspended on a conveyor and moving laterally with 
respect to the direction of spray projection. The three 
solid line curves 20, 21 and 22 show the contribution to 
the total film thickness made by each of the electrostatic 
spray guns charged to like potential, uniformly spaced 
and having the same quantity of coating material supplied 
to each. Thus the areas under the three curves are equal 
because they represent equal volumes of deposited mate 
rial. The dash line 23 indicates the total film thickness 
and is the arithmetic sum of curves 20, 21 and 22. The 
curves 20, 21 and 22 are taken with the stem 11 recipro 
cating through a path having a maximum lineal dimen 
sion approximately equal to the spacing distance between 
guns. It has been found that this spacing and reciprocat 
ing stroke length are essentially optimum although varia 
tions therein may be tolerated and may, in fact, be dic 
tated by the characteristics of the work to be coated. 
The film thickness variation shown in FIG. 2 would 

probably not be commercially acceptable, even though 
the efficiency of the deposition of the entire electrostatic 
coating system may be quite high. Too much of the liquid 
coating material appears in the center area of the Work 
panel and too little is deposited in the outer areas. 
The center line of the coated work-piece is designated C 
in FIG. 2. 
The present invention makes it possible to provide a 

multiple spray gun array in which the uniformity of depo 
sition is greatly improved. I have found that if the linear 
array of spray guns 10a, 0b and 10c is terminated at 
each end by a field-modifying electrode 30, each gun 
may be made to have a similar pattern, and the film 
thickness uniformity of the deposition from the array 
may be made to exceed 80 percent. That is, no area of 
the work panel W will have a deposited film that is less 
than 80 percent of the maximum thickness of the film on 
any portion of the panel. Each electrode 30 may com 
prise, for example, a simple rod-like element having a 
sharp point. The electrode should be such that it will 
exert the same field influence as one of the spray guns 
in the array. 
The location of the field modifying electrodes 30 may 

be varied, but in the preferred execution of the invention, 
the electrode geometry and spacing is such that the elec 
trostatic field emanating from the electrode 30 influences 
or compresses the pattern of the adjacent electrostatic 
spray gun in substantially the same manner and to sub 
stantially the same extent as the pattern is influenced by 
the field of the neighboring gun in the array. To this end, 
if a given spacing d is used between spray guns 10a and 
10b, and between spray guns 10b and 10c, the same spac 
ing d would be utilized between spray gun 10a and the up 
per field modifying electrode 30, and the same spacing d 
would be used between the lower spray gun 10c and the 
lower of the field modifying electrodes 30. Similarly, 
the spacing between the end of the electrode and the work 
W would be the same as the spacing between the charg 
ing electrode of the spray guns and the work. It is, of 
course, apparent that the electrodes 30 may, therefore, 
be most easily charged from the power pack E to the volt 
age -V to which the spray guns are charged. If, for any 
reason, it is necessary to apply a higher or lower charg 
ing voltage to the electrodes 30, it may be necessary to 
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use a separate power pack for this purpose. For example, 
if the work W is a large concave panel so that the distance 
between the work and the field modifying electrodes 30 
is somewhat less than the distance between the spray 
guns themselves and the median plane of the panel W., 
the voltage on the field modifying electrcdes 30 may be 
reduced in view of the lower electrode-work spacing that 
occurs by reason of the configuration of the work. 

FIG. 3 diagrammatically indicates the effect of the 
presence of the field modifying electrodes 30. It will be 
seen that each of the spray guns 10a, 10b and 10c in this 
instance, when reciprocated, deposits coating material in 
a similar pattern and the film thickness of the spray 
from each of the three guns is designated 31, 32 and 33. 
The contribution to the film on the work of each of the 
spray guns is indicated as essentially the same, and the 
sum of the three separate films is essentially a flat, straight 
line as indicated by the dashed line 34, which is the arith 
metic sum of the increments 31, 32 and 33 deposited by 
the separate spray guns. In this figure, C' designates the 
center of the coated area of the work. 

Film thickness uniformities upwards of 80 percent 
have been obtained with the physical arrangement of the 
elements approximately as shown in FIG. 1. Typical 
parameters for the operation of a system including three 
spray guns as there shown would be as follows: 
Spacing between guns --------------------in-- 10 
Spacing between modifying electrodes and adjacent 

StillS --------------------------------in-- 10 
Spacing between guns (and electrodes) and work 

piece --------------------------------in-- 15 
Charging voltage -----------------------kV-- -120 
Reciprocator stroke length --------------- in-- 8/2 
Reciprocator frequency -------------- c./min.-- 60 
Conveyor speed --------------------ft./min.-- 15 
Material discharge -------------- c./min./gun-- 150 
Material discharged ------------------------ (1) 

Baking enamel ; viscosity 21 Sec. Zann No. 2 cup. 

In an electrostatic system, it is recognized that the over 
lap of the pattern from the spray guns with respect to 
the edge of the article to be coated should be controlled. 
If the overlap is too great, paint will be lost by spraying 
beyond the article, and if the edge is sharp, there is a 
tendency for the paint to build up to an excessive thick 
ness at the sharp corner. Therefore, the end gun at the 
top and bottom of the array should be spaced inwardly 
towards the center of the work panel when it stands at 
the mid-point of its reciprocating stroke, by a distance 
about equal to one-half of the stroke length. 
The effect of variations in spacing between the spray 

guns and the work panel has been investigated, and it 
has been found that, while somewhat lower film thickness 
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uniformities are obtained as the spacing is increased be 
yond the optimum, the system is relatively insensitive 
between 15' and 21' with charging voltages of -120 
kv., and harmonic reciprocation of the stem 11 through 
strokes that were adjustable between about 8' and about 
10', the reciprocation frequency being 60 cycles per 
minute. Where higher surface speeds produced by greater 
conveyor speeds or rotation of the work were used, it was 
found that reciprocating frequencies in the order of 100 
cycles per minute or more are desirable. 
While the invention has been disclosed in conjunction 

with a specific form and disposition of the parts, it should 
be expressly understood that numerous modifications and 
changes will suggest themselves to those skilled in the 
art, and that such changes may be made without depart 
ing from the scope of the appended claims. 
What I claim is: 
1. Electrostatic coating apparatus comprising a recipro 

cable stem, a linear array of a plurality of uniformly 
Spaced uniformly charged electrostatic spray guns mount 
ed on said stem and having their discharge ends sub 
stantially uniformly spaced from the median plane of the 
Work to be coated, and an electrode mounted on said stem 
at each end of said array spaced from the adjacent gun 
a distance substantially equal to the spacing between ad 
jacent spray guns and charged in the same polarity as 
said adjacent gun and to the same potential, the ends 
of said electrodes being spaced from the work at substan 
tially the same distance as the discharge ends of said 
Spray guns, whereby each of said electrodes is effective to 
influence the deposition pattern of its adjacent gun in 
substantially the same manner and to substantially the 
same extent as said pattern is influenced by the presence 
of the neighboring gun in said array, and means to re 
ciprocate said stem and the array of spray guns and 
electrodes carried thereby. 

2. Electrostatic coating apparatus in accordance with 
claim 1 in which said last means operates to reciprocate 
Said stem and said array of spray guns and electrodes 
through a distance Substantially equal to the spacing dis 
tance between adjacent guns. 
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