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ELECTROSTATC SPRAY COATING SYSTEM 

James W. Juvinal, Indianapolis, Ind., assignor to Rans 
burg Electro-Coating Corp., Indianapolis, Ind., a cor 
poration of Indiana 

Filed Feb. 11, 1955, Ser. No. 487,498 
3 Clains. (C. 18-624) 

This invention relates to the coating of articles of 
manufacture with a spray of electrically charged liquid 
coating material particles and more particularly to meth 
ods and apparatus for controlling the distribution of 
spray particles moved through a quiescent atmosphere 
and deposited on the surface of an article under the in 
fluence of an electrostatic field. The term "quiescent' 
is here used in the sense that the atmosphere or air 
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through which the charged spray particles move as they 
deposit on the articles is free from air currents of such 
velocity and volume as would prevent the electrostatic 
field from being a significant factor in determining the 
paths of the spray particles and their distribution over 
the surface of the article being coated. 

United States Patent No. 2,736,671, issued February 
28, 1956 discloses a system of electrostatic spray coating 
in which the spray particles are atomized from the cir 
cular edge of a rotating bell-shaped atomizing head and 
are projected in a direction generally axial of such edge 
by an electrostatic field maintained between the atomizer 
and an article being coated. The pattern in which the 
spray from such an annular-edged device is deposited on 
a stationary flat surface of relatively large area main 
tained substantially normal to the axis of the atomizer 
(which pattern will hereinafter be referred to as a static 
pattern) is an annulus having a center portion substantial 
ly devoid of spray particles. If the flat surface referred 
to is moved rectilinearly through the spray in its own 
plane the spray will form on the surface a band of coat 
ing material characterized generally by the fact that it 
increases in thickness for a distance from its longitudinal 
center toward its side edges. The cross-sectional shape 
of a band so produced will hereinafter be referred to as a 
dynamic pattern. In some instances, the dynamic pat 
tern produced by an unmodified annular spray may be 
such that the thickness at and adjacent the center of 
the band is half, or even less than half, that at points 
nearer the sides of the band. 
The prior patent of J. W. Juvinall, Patent No. 

2,839,425, dated June 17, 1958, and of R. C. Juvinall et 
al., Patent No. 2,877,137, dated March 10, 1959, discuss 
at greater length the characteristics of static and dynamic 
patterns produced by unmodified annular sprays and dis 
close expedients for improving uniformity in the thick 
ness of coatings produced by sprays emanating from an 
nular sources. However, the devices there disclosed 
possess certain disadvantages, one of which is the fact 
that they are not well adapted to conveyorized operations 
in which articles to be coated are moved through a coat 
ing zone in spaced relation and the atomizer is "trig 
gered,” or so controlled as to be operative only when an 
article is in position to receive the discharged Spray. 

It is an object of this invention to provide improved 
control over the distribution of electrically charged par 
ticles projected in a general axial direction from an 
annular-edged atomizer. Another object is to promote 
uniformity in the thickness of the coating produced on 
extended surfaces moved through a spray having a nor 
mal annular shape, and to do so in a manner which over 
comes disadvantages present in prior Systems aimed at 
improving uniformity in the coating produced by nor 
mally annular sprays. A further object is to provide an 
electrostatic coating method and apparatus in which a 
normally annular spray is modified to better adapt it for 
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triggered control. Still another object is to produce an 
electrostatic spray-coating apparatus, and an atomizer 
adapted to use in such apparatus, for coating the opposed 
surface portions of adjacent articles moved in spaced re 
lation through a coating zone. 
In practicing my invention in its preferred and most 

generally used form, I provide an annular-edged atomiz 
ing device, such as one of the usual type disclosed in the 
aforesaid E. M. Ransburg patent, No. 2,736,671, capable 
of projecting a normally annular spray of electrically 
charged particles in a general axial direction, and I as 
sociate such atomizing device with a conveyor adapted 
to move through the axially projected spray the article 
or articles to be coated. To modify the distribution of the electrostatically deposited spray particles, whereby to 
attain the objects above noted, I employ an electrode 
which provides spray-repelling zones near the annular 
edge of the atomizer and effectively confined to regions 
located adjacent the ends of an edge-diameter. extending 
transversely to the path of article movement. Such 
spray-repelling zones improve uniformity in the thickness 
of coatings produced on extended surfaces and provide 
a spray which is well adapted to triggered control. In 
addition, the spray-repelling zones tend to divide the 
spray along a plane extending axially of the atomizer and 
transverse to the path of article movement. Where it is 
desired to coat opposed surfaces of adjacent articles 
moved through the coating zone in spaced relation, the 
atomizer may be arranged for movement into spaces be 
tween adjacent articles, and in such an arrangement the 
spray-spilling tendency of the spray-repelling Zones pro 
motes a uniform division of the spray between the ad 
jacent articles. - 
The principles and details of my invention will be fully 

understood from the following description of an embodi 
ment thereof, with reference to the accompanying draw 
ings wherein: - 

FIG. 1 is a isometric view illustrating apparatus for 
practicing my invention in the coating of automobile 
bodies; - 

FIG. 2 is a fragmental side elevation, in partial sec 
tion, illustrating one of the atomizers shown in FIG. 1; 

FIG. 3 is a plan view illustrating in somewhat idealized 
form the static pattern produced by one specific embodi 
ment of my invention; and 

FIG. 4 is a view similar to FIG. 3 showing the static 
pattern produced by another embodiment of my inven 
tion. - 

In the apparatus illustrated in FIG. 1, automobile 
bodies 10 are passed in succession and in spaced relation 
through a coating zone by a conveyor diagrammatically 
indicated at 11. At each side of the conveyor there is 
a pair of atomizers 13 positioned to discharge a paint 
spray horizontally against the lower portion of the side 
of the automobile body and a second pair of atomizers 
14 arranged to discharge paint sprays horizontally against 
the upper portions of the automobile-body sides; and 
above the path followed by the automobile bodies there 
is another atomizer 15 arranged to project a paint Spray 
downwardly to coat the tops of the bodies. In the par 
ticular apparatus illustrated, it is contemplated that the 
atomizer 15 will be mounted for vertical movement under 
control of a fluid pressure cylinder 16 so that it may enter 
the space between adjacent automobile bodies and dis 
charge coating material onto the opposed front and rear 
surfaces thereof. 
The several atomizers 13, 14, and 15 may be of differ 

ent sizes, but otherwise their construction may be sim 
ilar. For purposes of describing that construction, I 
have illustrated in FIG. 2 one of the atomizers 14. As 
there shown, the atomizer includes a rotatable atomizing 
bell or head 17 having a peripheral atomizing edge 17a 
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and mounted for rotation on one end of a hollow shaft 
of a motor (not shown) mounted within a housing 18. 
When the motor is energized, bell 17 will rotate about a 
line 17x which is the axis of the atomizer and the bell. 
Liquid coating material is fed from a reservoir at a con 
trolled rate through a conduit 20 to a stationary feed tube 
21 running through the hollow motor shaft and project 
ing into the atomizing bell 17. Attached to the end of 
feed tube 21 is a hollow cylindrical tube 22 of metal with 
a cut-away section 22a to permit free flow of liquid from 
the end offeed tube 21 to the interior surface of atomiz 
ing bell 17. This particular feeding arrangement, which 
forms no part of my invention, is more fully described 
and claimed in the U.S. Patent No. 2,728,606 issued De 
cember 27, 1955. 

Attached to the end of tube 22 is a two-ended elec 
trode 24 conveniently made of metal rod about three 
sixteenths of an inch in diameter and preferably having 
hemispherically tipped terminals 24a and 24b. Elec 
trode terminals 24a and 24b are positioned adjacent dia 
metrically opposite portions of atomizing edge 17a. The 
atomizer 14, or at least the head 17 and electrode termi 
nals 24a and 24b, is maintained at a high electrical po 
tential relative to autobody 11, as by connecting the 
atomizer to the high voltage terminal of a high-voltage 
Source 26 and grounding the autobody through its con 
veyor. 

In the operating of the atomizer, power supplied to 
the motor within housing 8 will cause the rotation of 
atomizing bell 17 about its axis 17x. It is apparent that 
while bell 17 rotates electrode 24, which is attached to 
feed tube 21 by means of tube 22, will remain station 
ary. Liquid coating material fed at a controlled rate 
from a reservoir through conduit 20 to stationary feed 
tube 21 will be discharged from the lip of tube 21 onto 
the inner surface of the rotating bell. The liquid thus 
fed to the surface of the bell will be formed by centrifu 
gal force into a thin film flowing outwardly over the 
inner surface to the atomizing edge 17a, where it will 
be atomized under the influence of the electrostatic field 
maintained between edge 17a and the surface of body 
10 to form a spray of electrically charged particles which 
will be moved to and deposited on the body 10 by the 
aforesaid field. As initially formed, the spray of charged 
particles is annular in cross-section, and would tend to 
retain that annular cross-sectional form if it were not for 
the electrode 24. 
The electrode 24 modifies the spray by effecting a 

redistribution of the spray particles both parallel to and 
perpendicular to the axial plane in which the electrodes 
lie. The nature and extent of such redistribution will 
depend upon several factors including principally the radi 
al and axial location of the electrode tips 24a and 24b. In 
FIG. 3 I have illustrated a slightly idealized static pattern 
produced by one specific atomizer having the following 
characteristics: 
Diameter of atomizing edge 17a-------- 12 inches 
Spacing between atomizer edge and sur 

face receiving spray---------------- 10 inches 
Diameter across electrode tips 24a and 
24h ----------------------------- 12 inches 

Distance between electrode tips and 
atomizer edge--------------------- 1 inch 

Rate of paint discharge--------------- 200 cc. per 
minute 

Speed of atomizer rotation------------ 900 rp.m. 
Potential difference between atomizer and 

receiving Surface------------------- 100,000 volts 
The static pattern of FIG. 3 had a width (extent parallel 
to the median line 32) of about forty inches. 

It will be noted from FIG. 3 that the static pattern, 
instead of being a uniform annulus, comprises two gen 
erally similar, arcuate lobes 30a and 30b symmetrical 
about a common or longitudinal center-line 31 and sym 
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4. 
metrically disposed on opposite sides of a transverse 
median line 32 with their concave edges presented toward 
such median line, in FIG. 3, it has been attempted to 
illustrate only the outlines of the static pattern, which 
are rather ill defined; and no attempt has been made to 
illustrate the distribution of the spray particles within 
the outlines. Enough of the circumferential momentum 
of the coating material supplied to the edge of the atom 
izer head 17 persists to cause the median line 32 to be 
displaced angularly from the axial plane occupied by 
the electrode 24. In the specific example illustrated in 
FIG. 3, such displacement amounted to about 10 and 
was, of course, in the direction of head-rotation. 

If an extended flat sheet having a transverse extent 
greater than that of the static pattern is moved along the 
longitudinal center-line 31 in its own plane, the dynamic 
pattern produced on such sheet, instead of possessing the 
relatively thin center portion characteristic of dynamic 
patterns produced by unmodified annular sprays, will be 
of a generally trapezoidal shape, having a center portion 
of substantial transverse extent and relatively uniform 
thickness. If the sheet has a width somewhat less than 
the transverse extent of the static pattern, as is the case 
in the sheet 35 illustrated in FIG. 3, the marginal por 
tions of the spray near the ends of the lobes 30a and 30b, 
which spray-portions would form the extreme tips of the 
trapezoidal dynamic pattern, will be drawn inwardly by 
the electrostatic field existing over the face of the sheet, 
and the sheet will receive a substantially uniform coating 
from one edge to the other. If the sheet has a width 
greater than can conveniently be coated to uniform 
thickness with a single atomizer, a plurality of atomizers 
may be employed, offset from each other latera!!y of the 
path of sheet movement to the extent necessary to cause 
the tips of the trapezoidal dynamic patterns of adjacent 
atomizers to overlap slightly. The use of overlapping 
dynamic patterns of trapezoidal shape to build a coating 
of uniform thickness is more fully illustrated and de 
Scribed in the Juvinall et al. patent above referred to. 
The improved uniformity in the thickness of the dy 

namic pattern produced by my invention is due to a 
lateral redistribution of the particles in the normally an 
nular spray. Some of the particles directed toward sur 
face portions which would be coated to abnormal thick 
neSS by an unmodified spray are usually deflected in 
Wardly or toward the center of the dynamic pattern, and 
Some are deflected outwardly. The outward deflection 
increases the overall width of the dynamic pattern to a 
slight extent and also decreases the slope of its inclined 
sides. The latter feature is of advantage when wide sur 
faces are coated with a plurality of sprays, as it renders 
less critical the extent to which the dynamic patterns of 
adjacent sprays overlap in the production of a reasonably 
uniform coating. 
The longitudinal redistribution of particles, or redis 

tribution in the direction parallel to the longitudinal 
center-line 31, has an advantage when the atomizer is 
triggered. In triggering, it is customary to initiate spray 
projection after the article being coated has partially en 
tered the normal static pattern of the spray and to ter 
minate Spray projection before the article has moved 
completely out of Such static pattern. If the spray were 
initiated before the article entered the normal static pat 
tern and maintained until the article cleared such pat 
tern, considerable coating material might be lost; and on 
the other hand, if the spray is initiated too late or ter 
minated too early, the leading and trailing portions of 
the article will not receive an adequate coating. In prac 
tice, an atomizer employed to coat a sheet 35 moving 
in the direction indicated by the arrow in FIG. 3 might 
be triggered to terminate the spray when the sheet reaches 
the position illustrated. It will be apparent from FIG. 3 
that the sheet will be deprived of the paint represented by 
the end of the static pattern, or that portion thereof 
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which lies to the left of the trailing edge of the sheet. 
A spray may be, and prior electrostatic sprays from an 
nular sources have been, so shaped that disuniformity in 
the distribution of coating material along the trailing 
edge of the sheet would result or be increased by failure 
of the sheet to receive the paint represented by an end 
portion of the static pattern. This is true of sprays 
which produce static patterns that are annular or that 
are of the hollow polygonal shape disclosed in the afore 
said R. C. Juvinall et al. patent, for in Such sprays the 
end portions, or at least one end portion of the static 
pattern, are concentrated within a fraction of the width 
of the entire pattern, and the failure of the sheet to re 
ceive them would result in a localized reduction in coat 
ing thickness. With my invention, the longitudinal re 
arrangement of the spray particles is such that particles 
near the sides of the static pattern-i.e., near the ends 
of the lobes 30a and 30b-are displaced away from the 
median line 32 to an extent greater than are particles 
near the longitudinal center-line 31. As a result the paint 
of which the trailing edge of the sheet 35 is deprived 
when the atomizer is triggered is paint which would have 
been reasonably well distributed transversely of the sheet, 
and the effect of triggering in creating disuniformity of 
coating thickness along the trailing edge of the sheet is 
materially reduced if not practically eliminated. 
The same advantage obtained by my invention in trig 

gering at a trailing edge is of course likewise obtained in 
triggering at a leading edge; since the static pattern is 
essentially symmetrical about the transverse median line 
32. 

It is not essential in the practice of my invention that 
the electrode 24 be so constructed and arranged as to 
split the static pattern into two substantially discrete lobes, 
Such as are shown in FiG. 3. In many instances, such 
for example as that represented in FIG. 4, the static pat 
tern approximates an annulus notched internally at di 
ametrically opposite points and having an outer periphery 
which is substantially continuous. The static pattern of 
FIG. 4, like that of FIG. 3, had a width of about forty 
inches and was produced under the same conditions ex 
cept that the electrode tips 24a and 24b were spaced 
one-quarter inch ahead of and one-half inch inwardly 
from the atomizing edge 17a. The dynamic pattern pro 
duced by the spray of FIG. 4 was markedly more uni 
form than that produced by an unmodified annular spray 
but somewhat less uniform than that produced by the 
spray of FIG. 3. 

Even when, as in FEG. 4, the electrode 24 produces a 
relatively smal effect on the outline of the static pattern 
its tendency to split the spray can nevertheless produce 
a substantial effect on the distribution of particles with 
in that outline. Where the static pattern is not completely 
or substantially split, a comparison of maximum or 
average thickness along the median line with maximum 
or average thickness along diameters angularly remote 
from the median line is at least a rough measure of the 
effectiveness of the electrode 24 in providing desirable al 
teration of the dynamic pattern. Some benefits of my 
invention might be obtained with an electrode which leaves 
maximum thickness along the median line of the static 
pattern greater than one-fourth that in other regions of 
the pattern; but in the average case, maximum improve 
ment in coating uniformity would not be expected unless 
the electrode was capable of reducing median-line thick 
ness to one-fourth, or less than one-fourth, that found 
elsewhere in the pattern. 
The tendency of the electrode 24 to divide the spray 

in the manner just described is of particular advantage 
when, as in the case of the atomizer 15 shown in FIG. 1, 
an atomizer is advanced into the region between two 
spaced articles to coat opposed surfaces of such articles; 
as in such a situation, the transversely arranged elec 
trode promotes an equal division of the spray between 
such opposed surfaces, 
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6 
The precise location of the electrode tips 24a and 24b 

is subject to some variation. So far as concerns the bene 
ficial redistributing effect of the electrode 24 its tips may 
lie on the radius of the spray-source or well inwardly or 
Outwardly therefrom. However, projection of the tips 
radially beyond the atomizing edge 17a tends to cause a 
deterioration in the quality of electrostatically produced 
atomization, and excessive radial projection may in ad 
dition result in the coating of the tips, which is undesir 
able. Deterioration of atomization may be expected if 
the electrode tips lie outside a hypothetical conical sur 
face coaxial with the edge 17a, passing therethrough, and 
having an included apical angle of 30, and electrode 
coating may be expected if the tips lie outside a similar 
conical surface having an included apical angle of 90°. 
Electrodes 24 having a diametric extent as small as two 
thirds the diameter of the edge 17a have been found ef 
fective in promoting a beneficial redistribution of spray 
particles. Axially, the electrode tips may be located 
close to the plane of the edge 17a or well beyond such 
plane in the direction of spray-projection. Excessive 
axial Spacing between the electrode tips and the discharge 
edge 17a is undesirable, as it reduces the electrical po 
tential which can be safely applied at the edge 7a and 
thus weakens the field at that point. With an atomizing 
head twelve inches in diameter, I have obtained excellent 
results with an electrode having tips 24a and b located 
two inches ahead of the edge 17a and on the radius of 
Such edge; but within the practical limits imposed by the 
necessity for maintaining atomization of desired quality 
and the desirability of avoiding coating of the electrodes 
24, there is a wide range within which the electrode tips 
can be located while still effecting an improved dis 
tribution of the atomized particles in the spray. 
The tendency of rotation of the head 17 to cause an 

angular displacement of the median line of the static 
pattern relative to the plane of the electrode 24 has been 
noted above. Where uniform distribution of coating ma 
?terial on continuous, extended surfaces is desired, the 
plane of the electrode 24 is preferably displaced from a 
plane perpendicular to the direction of article travel by 
an angular interval such that the median line 32 of the 
static pattern at the article surface will lie in the latter 
plane. In some instances, however, it is desirable that 
the static pattern of the spray be divided otherwise than 
at a plane perpendicular to the path of article travel. 
For example, the presence of the window openings in the 
upper portion of the automobile bodies illustrated in 
FIG. 1 may make it desirable to orient the electrode 24 
associated with one or each of the heads 14 so that the 
Splitting of the static pattern will be along an inclined 
plane to promote a division of the spray between the 
upper and lower edges of the window openings. 

In the particular atomizer illustrated in FIG. 2, the 
head 17 and electrode 24 are directly connected elec 
trically and will therefore have the same potential. This 
feature is not necessary; as the head and electrode might 
have different potentials so long as that of the electrode 
is effectively spray-repelling. 

In addition to being better adapted to a triggered op 
eration than are prior arrangements designed to improve 
uniformity in the coating produced by annular sprays, 
my invention possesses other important advantages, in 
cluding simplicity of construction and an improved ca 
pability of functioning satisfactorily in spite of varia 
tions in operating conditions, such as the spacing be 
tween atomizers and work, the type of coating material 
handled, and the rate at which such material is supplied 
to the atomizer. 

It will be understood that the specific embodiments 
of my invention shown and described above are set 
forth merely by way of example and that wide changes 
in construction and arrangement may be made with 
out departing from the spirit and scope of the invention 
as defined in the claims. 
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I claim as my invention: 
1. Apparatus for electrostatically spray coating an arti 

cle, comprising an atomizer having an annular atomizing 
edge lying concentrically about an axis of said atomizer, 
means for moving the article to be coated along a pre 
determined path axially spaced from said atomizing edge, 
means including a source of high voltage for creating 
an electrostatic field between the moving article and 
coating material at said annular atomizing edge, means 
for feeding liquid coating material at a controlled rate 
to said annular edge for atomization therefrom as a 
hollow spray of liquid particles and projection toward 
the article to be coated, a single electrode mounted on 
the atomizer having but two end portions located within 
the spray and on diametrically opposite sides of the 
spray axis, said end portions lying substantially in a 
single plane extending axially of the atomizer and trans 
verse to said path of article movement, and means for 
maintaining said electrode end portions at a particle 
repelling potential to reduce the concentration of spray 
particles in diametrically opposite regions of the Spray 
adjacent such plane and increase the concentration of 
spray particles in two similar bands located on opposite 
sides of and extending generally parallel to Such plane. 

2. The apparatus of claim 1 including means for mov 
ing a plurality of articles in succession and in spaced 
relationship along said path and means for sequentially 
moving said atomizer into the space between adjacent 
articles and withdrawing said atomizer from said space 
as the next article approaches the atomizer, whereby 
the spray concentrated in one of said bands is deposited 
on the retreating face of one article and the spray con 
centrated in the other band is deposited on the approach 
ing face of the succeeding article. 

3. Apparatus for electrostatically spray coating an ar 
ticle, comprising an atomizer having an annular atomiz 
ing edge lying concentrically about an axis of said 
atomizer, means for moving the article to be coated along 
a predetermined path axially spaced from said atomiz 
ing edge, means including a source of high voltage for 
creating an electrostatic field between the moving article 
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and coating material at said annular atomizing edge, 
means for feeding liquid coating material at a controlled 
rate to said annular edge for atomization therefrom as 
a hollow spray of liquid particles and projection toward 
the article to be coated, means providing only two elec 
trode end portions located within the spray and on dia 
metrically opposite sides of the spray axis, said end 
portions lying substantially in a single plane extending 
axially of the atomizer and transverse to said path of 
article movement, and means for maintaining said elec 
trode end portions at a particle repelling potential to 
reduce the concentration of spray particles in diametri 
cally opposite regions of the spray adjacent such plane 
and increase the concentration of spray particles in two 
similar bands located on opposite sides of and extending 
generally parallel to such plane. 
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