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atomizing head and is fed to Such edge by a nOZ
zle which is moved relatively to the edge and
parallel thereto to distribute the coating ma
terial therealong in a uniform fashion. Where
the edge from which atomization takes place is
straight, the nozzle is reciprocated along it; and
provisions may be embodied in the apparatus for
preventing the change of nozzle velocity at and

This invention relates to the electrostatic dep
osition of liquid coating materials and more
particularly to an improved coating apparatus
in which the liquid coating material is both elec

trostatically atomized and electrostatically pre

cipitated or deposited upon the article to be
coated. Coating methods and apparatus en
bodying the electrostatic atomization and elec
near the ends of the stroke from interfering With
troStatic deposition of liquid coating materials
are shown in the prior application for U. S. Let O Uniform distribution of the coating material
along the edge. Where the atomizing head is
ters Patent, Serial No. 556,390, filed September

disposed vertically or at any substantial inclina
means for directing coating material discharged

29, 1944, by Edwin M. Ransburg and William A.
In apparatus employed for applying a liquid

Starkey,

coating to discrete articles, whether or not the
coating is electrostatically deposited, it is COIn

tion to the horizontal, it may be provided with
15

non to move the articles through a coating ZOne

in which the coating is applied to them. Similar

practice is followed in the coating of Sheet ma
terial, the coating being applied as the sheet
moves progressively through a coating ZOne.
Satisfactory coating of articles and sheetS can be
obtained by prior processes embodying both elec

20

trostatic atomization and electrostatic deposi
tion of the coating material when the dimensions 25
of the article or articles being coated in a direc

tion transverse to the path of article-movement
through the coating Zone is not too great; but

some difficulty has been experienced in the past

in electrostatically atomizing and precipitating
liquid coating materials on Surfaces of consider
able extent transversely of the path of article
movement through the coating Zone. In the
prior application above referred to, it was pro
posed to atomize the coating material from an
elongated head having an atomizing Surface
or surfaces to which the coating material was fed
through a series of restricted Orifices. One dis
advantage of Such an atomizing head arises from
the difficulty of maintaining the rates of flow
through the orifices co-ordinated in the desired
manner, With the result that the spray pattern
produced was not of uniform density throughout

30

from the nozzle toward the atomizing edge of the
head as such coating material flows generally
downwardly under the influence of gravity.
Other features of the invention will be apparent
from the specification and claim.S.
In the accompanying drawing, Fig. 1 is a frag
mental isometric view illustrating a coating ap
paratus; Fig. 2 is an isometric View, on a Sone
What larger Scale, illustrating the atomizing head,
a reciprocating coating-material nozzle, and
means for reciprocating Such nozzle; Fig. 3 is a
fragmental isometric view of the head of Fig.
2 on a still larger scale; Fig. 4 is an elevation of a
modified form of head; Fig. 5 is a fragmental

elevation, in partial Section, illustrating a means
which may be employed to counteract the effect
of velocity changes at the ends of the stroke of a

reciprocating coating-material nozzle; Fig. 6 is
an elevation of a modified nozzle-reciprocating
mechanism; Fig. 7 is an axial Section through a
circular atomizing head embodying my invention;
and Fig. 8 is an isometric view, in partial Section,

illustrating a modified form of circular atomizing
head.
40

In Fig. 1 I have illustrated an arrangement of
apparatus suitable for coating discrete cylindrical
objects to. Such apparatus embodies a conveyor
is carrying an endless Series of vertically dis

posed, rotatable spindles 2 each of which is
adapted to support one of the articles O. Each
It is an object of this invention to Overcone 45 Spindle 2 has rigid with it a wheel 3 adapted to
engage a stationary rail 4 as the spindle moves
the disadvantages heretofore attendant upon the
through the coating zone, whereby to rotate the
electrostatic atomization of coating material
spindle and the article 0 it carries. Disposed at
from an extended atomizing head. More par
one side of the path of article-movement through
ticularly, it is an object to facilitate the attain
ment of a uniform distribution of coating ma 50 the coating Zone is a vertically positioned atomiz
ing head 6 from which the liquid coating materi
terial to an elongated, atomizing head, Whereby
all is electrostatically atomized. To effect atom
to increase uniformity in density in the resultant
its extent.

-

Spray.

In carrying out the invention, the coating ma

ization of the coating material and electroStatic
deposition thereof On the articles as they paSS

terial is atomized from an extended edge of an 55 the head f6, an electrostatic field of appropriate
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4.

strength is maintained between the head and

the articles. For this purpose, the articles may
be grounded through the conveyor while the
atomizing head is connected to one terminal of a
high-voltage source 7 the other terminal of
which is grounded.
The atomizing head 16, which is shown in
greater detail in Figs. 2 and 3, comprises a ver
tical support 20 to one side of which there is af
fixed in any convenient manner an elongated
member 2 which is preferably of electrically

rod 25 and the nozzle 29 can be controlled by
controlling the rate at which fluid under pres
Sure is Supplied to the cylinder 3, such rate of
fluid-Supply being adjusted as necessary to main
tain a Supply of coating material for electrostatic
atomization at all points along the desired ex

tent of the edge 22.
Generally Speaking, it is advisable that the
length of the discharge edge 22 approximate the
O

conducting material and connected to the un

grounded terminal of the high-voltage Source T.
The member 2 is shown as shaped in croSS-Sec

tion to present toward the articles ?o a relatively

sharp edge 22. An average potential gradient
of the order of 10,000 volts per inch is maintained
between the member 2? and the articles O mov
ing past it, and as a result liquid coating mate
rial feed to such edge will be electrostatically atom
ized and electrostatically precipitated on to the
articles 0, as more fully set forth and described

parallel dinnension of the Surface or Surfaces to

be coated, although the length of the discharge
edge may in many instances be somewhat less
than the parallel dimension of such surface or
5

Surfaces without causing undue lack of uniform

ity in the coated products. In most instances,

Where the article or articles to be coated have

Surfaces, such as the upper and lower surfaces
of the articlesio, which are presented edgewise
to the discharge head, it will be advisable to em
20

ploy a member 2? having a discharge edge 22

longer than would be required for the application
of a Satisfactory coating to a surface or surfaces
extending parallel to the head.
In many instances, it will be advisable to utilize

in the prior application above referred to. In
order to secure a spray pattern of uniform den
sity, it is important that the coating material be .25
distributed uniformly to all points along the edge
22; and it is to apparatus for accomplishing that
purpose that this invention is especially directed.
The coating-material distributing means shown
in Fig. 2 comprises a rod 25 mounted for vertical 30
reciprocation in appropriate guide means 26 and

Substantially less than the full length of the dis
charge edge 22 for the electrostatic atomization
of the coating material, for end portions of such
edge to which coating material is not supplied
serve to reduce spreading of the spray pattern in

end of the tube 27 is connected, as through a
flexible hose 28, with a source of coating ma-.
terial which is adapted to be fed to the tube 27

ends of the discharge edge 22, the head 6 may
include end pieces 36 of conducting material
which are Secured to the Support 20 in any con
venient manner and extend outwardly therefrom
to the respective ends of the edge 22. Immediate
ly adjacent the ends of the edge 22, the end pieces
36 have a cross section corresponding to that of
the member 2, but outwardly beyond the ends

carrying at its upper end a short length of tube
or pipe 27 disposed transversely of the rod. One

either by gravity or by positively produced pres
sure. To the opposite end of the tube 27 there is
connected a nozzle 29 having its outer end dis
posed close to the edge 22 of the discharge head
but spaced rearwardly a short distance from
such edge so as to be electrically shielded thereby.
The means employed to reciprocate the rod

35
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25 and nozzle 29 may take various forms. In

mounted on the lower end of the rod 25. A four
way valve 32, operated by Solenoids 33, controls

divert toward the edge 22 any coating material

the admission and discharge of air or other fluid

under pressure alternately to opposite ends of the
cylinder 3. Conveniently, the valve 32 is ar

which flows downwardly over the surface of the
member 2 generally parallel to that edge. Such
flow-directing elements may take the form of

ranged to be automatically reversed when the
rod 25 reaches the end of its stroke in either di
rection. To this end, the Solenoids 33 may be
respectively controlled by limit Switches 34 posi
tioned to be engaged by the tube 27 to reverse

Wires 38 which are secured, as by soldering, to
the face of the member 2f in inclined positions.
The elements 38, if used, desirably terminate in

rear of the edge 22, as will be clear from Fig. 3,
in order to avoid interference with the uniform
distribution of field strength along such edge.
In a vertically disposed head provided with flow

the valve as the rod. 25 reaches each end of its
Stroke.
60

through the flexible hose 28 to the nozzle 29

while the rod 25 reciprocates to distribute such
coating material along the discharge edge 22 of
the head. Coating material applied to the mem
ber 2 in rear of the discharge edge 22 spreads
to the discharge edge, and is electroStatically
atomized and precipitated upon the articles paSS
ing the head 6 by the action of the electrostatic

65

field which exists between those articles and the 70

head. The rate at which coating material is Sup
plied to the nozzle 29 is controlled so as to insure

of the edge 22, the exposed edges of the end
pieces 36 are rounded off as indicated at 36'.

Where the head 6 is so disposed that the edge
22 is vertical or inclined to the horizontal at such
angle that the coating material discharged from
the nozzle 29 does not tend to flow unaided to the
discharge edge under the influence of gravity,
the member 2 may be provided adjacent the
edge 22 with flow directing elements designed to

Fig. 2, such means is shown as comprising an
air cylinder 3 having a piston (not shown)

In operation of the apparatus shown in FigS. 1
and 2 the articles to be coated are moved past
the head 6 and coating material is supplied

a direction parallel to the discharge edge. To
prevent a concentration of field strength at the

directing elements 38, a reasonably satisfactory
distribution of coating material along the edge 22
may sometimes be obtained without reciprocating
the nozzle 29. For example, if the nozzle 29 were
held in the fixed position indicated in Fig. 3, it
Would discharge on to the adjacent face of the
member 2 a stream of coating material 39; and
as Such stream of coating material ran down the

face of the member 22 under the influence of
gravity, portions of it would be successively di
verted by the members 38 to form branch streams

39 which the members 38 direct to the discharge

edge 22. Obviously, the extent of the discharge
that the member 22 will not receive more coat
edge 22 which can be satisfactorily supplied with
ing material than can be atomized from its dis
coating material in this manner from a single
charge edge. The rate of reciprocation of the 75 discharge orifice is limited; but there are situa
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tions in which this expedient could be utilized to
Supply coating material to an edge 22 of limited

extent.

The relatively simple arrangement illustrated
in Fig. 2 for distributing coating material along

the member 2 in rear of the discharge edge 22
has a disadvantage due to the rapid velocity
changes Which occur at the ends of the stroke of
the nozzle 29. To overcome this disadvantage,

the arrangement illustrated in Fig. 4 may be em
ployed. As there indicated, the member 2 is
provided adjacent the path of the reciprocating
nozzle 29 with pockets 40 into which such nozzle
discharges When near the ends of its stroke. Any
inequality of coating-material distribution oc-.
curring as a result of Severe accelerations at the
ends of the nozzle-stroke take place when the
nozzle is opposite one or the other of such pockets.
The pockets are formed to trap coating material
discharged into them and to prevent it from es
caping on to the side surface of the member 2
where it might find its Way to the discharge edge
22. To prevent an accumulation of coating ma

cam 50 having opposite6peripheral portions 51 of

substantially constant spiral pitch and smoothly
curved connecting portions 52 and 53 joining ad
jacent
ends of the portions 5t. The cam 50 is
5 mounted for rotation on an axis perpendicular to
the rod 25, and such rod is provided with a cam
following roller 54 which engages the cardioid pe
ripheral surface of the cam. During the midpor
tion of the stroke of the rod 25, the roller 54 is en
10
gaged by one or the other of the uniform-pitch
can portions 5, and the nozzle moves with uni
form Velocity. As the rod 25 and nozzle 29 near

the end of the stroke, the roller 54 is engaged by
one of the connecting camportions 52 and 53, and
the direction of movement of the rod and nozzle is

gently reversed.

the discharge head is of circular form to create
a circular pattern in the atomized coating mate
20

terial in the pockets, they may be provided with

drain passages 4, and such drain passages may

-

In the form of the invention shown in Fig. 7,

rial which is discharged from it. Conveniently,
the head is in the form of a hollow sleeve 2
provided at one end with an attenuated discharge
edge 22 and stationarily supported in any con
venient manner from a support f 23. Rotatably

25

mounted Within and co-axial with the sleeve 2

is a hollow tube or pipe 24 the front end of which

communicate With a drain conduit 42 through
which the coating material may be conducted for

is located rearwardly of the discharge edge 22
and closed by a cap 25. The cap rigidly supports

reclarnation.

Adverse effects of extreme accelerations on the
one or more discharge nozzles f29 which com
discharge of coating material at the ends of the : municate with the interior of the tube 24 and
stroke of the nozzle 29 might be eliminated
extend forwardly and outwardly to discharge
by employing a nozzle-reciprocating means which
against the inner face of the sleeve 2 a short

distance in rear of the discharge edge 22. The
would not result in the existence of those extreme
pipe 24, which may be rotatably supported from
accelerations. In such a case, however, if the
rate of flow through the nozzle were maintained : the sleeve 2 through anti-friction bearings 26,
constant, the end portions of the edge 22 would
extends rearwardly beyond the tube and into a
receive proportionately more coating material
fitting
27 the hollow interior of which communi
than would the mid-portion of such edge. In Fig.
cates through a hose 30 with a source of coat
5, there is illustrated an arrangement by which
accelerations at the ends of the nozzle stroke may
be reduced without causing the deposit of exces

ing material. The fitting 27 is provided with a

Stuffing box f3 to prevent the escape of coating
material around the tube 24; and between the
sleeve 2 and fitting 27 the tube 24 is provided
with a pulley 32 adapted to receive a belt 33 by

sive quantities of coating material at the ends of

the nozzle stroke. In that arrangement, the pipe
2 is provided intermediate its length with a valve

which the tube and nozzles 29 are rotated.
A.2 formed to provide an orifice 43 through which 45 In use, the head of Fig. 7 is supported oppo.
the coating material flows in its passage from site a surface to be coated, the tube 24 and noz
the flexible tube 28 to the nozzle 29. The Orifice
zle 29 are rotated, and liquid coating material

43 is arranged with its axis parallel to the path
of reciprocation and receives a double-ended

needle valve 44 which is reciprocably mounted in
the valve body 42 and the opposite ends of which
project outwardly beyond the valve body. Springs

is Supplied to the fitting 27 from which it flows
through the tube 24 to the nozzles 29. The rate

50

it can be electrostatically atomized from the edge

(5 acting oppositely between the valve body and

22.

The modification of the invention illustrated

the needle Valve tend to maintain the needle valve

in a normal central position in which its smaller
iameter portion is disposed within the orifice 43.
The Support 29 carries abutments 4 which are
disposed adjacent the ends of the stroke of the
tube 2 in position to engage the ends of the
needle valve 44. Conveniently, the abutments 47
are adjustable and are so positioned that as the
IC22e 29 begins to decelerate near the end of its

55

narily this will not be necessary.

Means for reciprocating the nozzle 29 in a man

ner Which Will not involve extreme accelerations

at the end of the stroke may take the form shown

in Fig. 8 is similar to that shown in Fig. 7 except
that relative movement between the circular head

and the nozzles is obtained by rotating the head

60

Stroke in either direction the needle valve 44 Will
engage the adjacent abutment 47 and Will be

noved thereby to cause the tapered portion of the
needle valve 44 to enter the orifice 43 and reduce
the rate of flow of coating material to the nozzle
29. If desired, the parts can be so arranged that
at the end of the stroke the Supply of material
to the nozzle 29 is completely shut off but ordi

at which fluid is discharged from the nozzles 29
is regulated so as not to exceed the rate at which

65

while the nozzles remain stationary. As will be
clear, the coating material is supplied to the head
through a stationary pipe or tube 224 which ex
tend into the head and rotatably supports a sleeve
22. The sleeve 22 has an exterior annular
groove adapted to receive a belt 232 by means
of which it may be rotated. Within the sleeve
22 the tube 224 communicates with an annular
series of discharge-nozzles 229 adapted to dis
charge immediately in rear of a discharge edge
222 on the sleeve 22. Coating material is slip
plied to the head through the tube 224 and is dis
charged through the nozzles 229 at a rate no

greater than that at which it can be atomized

from the discharge edge 222. As the sleeve 22
rotates while the nozzles 229 remain stationary,
the coating material discharged from the nozzles

in Fig. 6. Such mechanism comprises a cardioid 75 is evenly distributed along the edge 222. If the

2,658,472
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4. The invention set forth in claim 1 with the
inner surface of the sleeve 22 is bell-mouthed in
addition that said discharge member is of elec
rear of the edge 222, the centrifugal action of
the coating material discharged from the nozzles trically conducting material.
5. The invention set forth in claim 1 with the
229 will aid in feeding such coating material to addition
that said discharge member is provided
the discharge edge 222 for electrostatic atomiza 5 with means
for guiding to said edge liquid coat
tion therefrom. It may be noted that in using
a rotating discharge element the structure of Fig. ing material discharge by said nozzle.
6. The invention set forth in claim 1 with the

8 embodies an invention broadly claimed in Iny

patent application Serial No. 57,259, now aban
doned, of even filing date herewith and my appli

cation Serial No. 143,994, filed February 13, 1950.
In both of Figs. 7 and 8, it is contemplated

addition of means for trapping and diverting from

O

7. The invention set forth in claim 1 with the

addition of means operative when the reciprocat

that the hollow sleeve, or at least that portion
of it on which the discharge edge is provided, will

be made of electrically conducting material and
that such conducting material and the article
or articles being coated will be aSSociated With
opposite terminals of a high-voltage Source ca

5

discharge head; but this arrangement may be re
versed if desired. Where the head is insulated
and charged and an electrically conductive coat

ing material is being used, the Source of Such
coating material should also be insulated from
ground, as more fully set forth in my aforesaid
patent applications Serial No. 57,259, now aban

doned, and Serial No. 143,994. Where the coating

25

30

tion therefrom, said means comprising a plural
ity of discharge nozzles spaced from each other
along said edge and disposed to discharge coating
material directly on to the discharge member

adjacent the edge, and means for producing rela
tive movement of said nozzles and discharge
ember in a direction parallel to said edge.

9. In electrostatic coating apparatus, a nov
able discharge nozzle, means for Supplying liquid
coating naterial to said nozzle, means for moving

said nozzle over a predetermined path, a dis

charge member extending generally parallel to
and adjacent Said path for receiving coating

35

material being employed is electrically conductive

from which atomization takes place also be con

40

Source otherwise than through the discharge

material discharged from the nozzle, a support
for Supporting an article to be coated in spaced
relation to said member, and means including a
high voltage source for maintaining between an
article on Said support and the coating material
on said member an electrostatic field capable of

atomizing such material and precipitating it on
the article.

10. The invention set forth in claim 9 with the

member.

In all modifications shown the discharge edge

of the atomizing head is shown as Smooth and
continuous. This is not an essential, however; aS,
if desired, such discharge edge might be Serrated.

45

What is claimed is:

1. In an electrostatic atomizing head for use in
the electrostatic deposition of liquid coating na

terial, a discharge member having an extended
edge, and means for distributing liquid coating
material to said edge for electrostatic atomiza
tion therefrom, said means comprising a dis
charge nozzle disposed to discharge On the dis
charge member adjacent Said edge, and mech
anism for reciprocating Said nozzle Over a path

50

material, a discharge member having an extended

material, a discharge member having an extended

eleinent for Supplying a stream of liquid coating
55

material to Said member for distribution along
Said edge and electrostatic atomization there

from, and means for moving said element to cause
direction generally parallel to said edge.
12. In an electrostatic atomizer, a discharge

Said stream to move along said member in a

2. In an electrostatic atomizing head for use

in the electrostaic deposition of liquid coating

addition that said nozzle reciprocates over said
predetermined path, and means operative when
the nozzle.nears the ends of said path for reduc
ing the rate at which the coating material is
discharged.
11. In an electroStatic atomizing head for use
in the electrostatic deposition of liquid coating

edge, means including a movable flow directing

generally parallel to and Spaced from said edge.

60

member eXtended in a direction transverse to

that in which atomized particles are to be pro

jected from it, movable flow-directing means for
Supplying liquid sequentially to points distributed
along Such discharge member in the direction of
its extent, and means including a high-voltage
Source for maintaining adjacent the liquid on

annular discharge edge, and means for distribu
ting liquid coating material to Said edge for elec
trostatic atomization therefrom, Said means Com
prising a discharge nozzle mounted for rotation
about the axis of the annular discharge edge
and disposed to discharge directly on to the dis
charge member adjacent said edge, and mech
anism for rotating Said nozzle about its axis.
3. The invention set forth in claim

discharged.
8. In an electrostatic atomizing head for use

material to said edge for electrostatic atomiza

in character, it is not essential that the member

ductive; for the coating material on the discharge
edge could be connected to the high-voltage

ing nozzle is near the ends of its stroke for reduc
ing the rate at which the coating material is

in the electrostatic deposition of liquid coating
material, a discharge member having an extended
edge, and means for distributing liquid coating

pable of producing at the discharge edge a field

strength great enough to produce electrostatic
atomization of the coating material. As pre
viously indicated, it is preferred to employ a high
voltage source capable of producing between the
atomizing head and the article or articles being
coated an electrostatic field having an average
potential gradient of the order of 10,000 volts
per, inch. In most cases it will be convenient to
ground the articles being coated and insulate the

said edge coating material discharged from the
reciprocating nozzle near the ends of its stroke.

Said member an electrical potential gradient of
Sufficient strength to electrostatically atomize and

project finely divided liquid particles from such

With the 70 member.

trically conducting material, the edge of the dis

13. In an electrostatic coating apparatus in
which particles of liquid coating material are

zle.

discharge member and are precipitated under
the influence of an electrostatic field onto an

addition that said discharge member is of elec

charge member continuing outwardly beyond
each end of the stroke of the reciprocating noZ

atomized from an extended circular edge of a

75

9
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article spaced from said edge, a nozzle, means
for Supplying liquid coating material to Said no2
zle, said discharge member being disposed to

receive the liquid coating material discharged
from the nozzle, said edge having an eXtent many
times the diameter of the nozzle, and means for
producing relative movement of said nozzle and
discharge member over a predetermined circular
path parallel with but Snaller in diameter than
Said edge to distribute the coating material On
said discharge member for Substantially uniform

many times the diameter of the jet stream to dis

tribute the coating material Substantially uni
formly on said surface for flow to said discharge
edge for atomization therefrom, eans including
a high Voltage Source for creating between the

article on said Support and the atomized coating
O

fiOW to said edge.

14. In electrostatic coating apparatus, a Sup
port for an article to be coated, a discharge mem
ber having an extended edge presented toward
and in spaced relation to an article on said Sup
port, a nozzle, means for Supplying liquid coating
material to Said nozzle for discharge therefrom
as a jet stream, an extended Surface adjacent the
discharge edge and disposed to receive directly
the jet stream discharged from the nozzle, said
surface having an extent many times the diame
ter of the jet stream, means for producing rela
tive movement of Said jet stream and Said Sur

face over a predetermined path along which said
member extends and for a distance which is also

material particles an electrostatic field for elec
troStatically precipitating the particles on the
article, said discharge edge being Sufficiently
spaced from the article on said Support to permit
the particles atomized therefrom to be widely
dispersed by the action of the electrostatic field
during their movement to the article.
EDWIN M. RANSBURG.
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