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1. Electrostatic rotary atomizing 1iquid spray coating apparatus

comprising:

a support body of insulative material having forward intermediate,
and rear sections

a rotary atomizer of insulative material having an axis of
rotation, a first surface over which liquid coating can flow outwardly to
an atomizing edge thereof when said atomizer is rotated about said axis
of rotation, and a second surface separated from said first surface by
said atomizing edge,

charging means extending through said atomizer between said first
and second surfaces for charging said liquid coating, said charging means
having an outer portion positioned proximate said second surface and an
inner portion positioned proximate said first surface to be contacted by
liquid coating material flowing outwardly over said first surface,

drive means incorporated in said support body drivingly mounting
said rotary atomizer to said forward section of said support body for
rotating said rotary atomizer about said axis of rotation,

means of supplying liquid %oating to said first surface of said
rotary atomizer when said atomizer is rotating about its rotational axis,
and

plural electrical conductors stationarily mounted to the forward
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section of said support body at circumferentially spaced locations
relative thereto, said conductors each having a free end located in
closely spaced proximity to said outer portion of said charging means for
transferring electrostatic energy to the charging means when said
stationary electrical conductors are energized from a high voltage source
for facilitating contact charging of the liquid coating supplied to said
first surface when said coating flows outwardly over said first surface
and contacts said charged outer portion of said charging means while
flowing toward said atomizing edge, wherein said charging means comprises:
a plurality of electrode posts extending through said atomizer from
said first to said second surfacgs, said electrodes being
circumferentially spaced about the atomizer axis of rotation.
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ELECTROSTATIC ROTARY ATOMIZING LIQUID SPRAY COATING APPARATUS

This invention relates to electrostatic spray coating and more
particularly to electrostatic 1iquid spray coating apparatus utilizing
rotary atomization.

Electrostatic spray coating apparatus incorporating rotary
atomizers have been available for many years. Typically a conductive cup
or disc maintained at high voltage is rotated at very high speed causing
liquid coating material fed to the central part of the sup or disc to
migrate outwardly over the cup or disc surface under centrifugal force,
eventually leaving the cup or disc at the outer edge thereof where it

becomes atomized. Because the atomizing edge of the cup or disc is
sharp, the high
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voltage applied to the conductive cup or disc causes
ionization of the air in the region of the atomizirng
edge, imparting electrostatic charge to the atomized
liquid coating particles in a manner well known in the
field of electrostatic spray coating.

Over the years the hazards associated with
the use of conductive atomizing cups and discs main-
tained at high voltage, which take the form of person-
nel shock agd ignition when combustible coatings are
employed, have become well publicized. 1In brief, the
hazards exist by virtue of the fact that substantial
electrical energy is stored in capacitive form by a
conductive cup or disc maintained at high voltage
which can rapidly discharge if inadvertently grounded
or brought near a grounded object. To minimize these
hazards various solutions have been proposed. For
example, it has been proposed to make the atomized cup
or disc of insulative material except for a conductive
skin or layer which is provided on the surface of the
atomizing member to conduct high voltage to the
atomizing edge for the purpose of creating ionization
thereat. A..other proposal involves making the atomiz-
ing cup or disc of resistive material. These and
other proposals are contained in U.S. Patents:
Gauthier 2,926,106, Gauthier 2,989,241, Schotland
2,955,565, Juvinall 3,009,441, Sedlacsik 3,010,428,
Gauthier 3,021,077, Juvinall et al 3,048,498, Point
3,063,642, Point et al 3,072,341, Gauthier 3,083,121,

-2-
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Gauthier 3,128,045, Point 3,178,114, Felici et al 3,279,429,
Scharfenberger et al 3,826,425, Point 3,075,706, and Robisch et al PCT
International Publication No. WO 85/01455.

The foregoing proposals have not been entirely satisfactory for
various reasons, one of which is that the resulting transfer efficiency
of the spray apparatus has not been sufficient to satisfy those desiring
high coating transfer efficiences in the range of 90% and above. By
coating transfer efficiency is meant the percentage or proportion of
coating material emitted from the spray device which actually gets ‘coated.

This case is related to Australian patent 589261 (formerly
application No. 71539/87) which discloses an electrostatic rotary
atomizing liquid spray coating apparatus. It is the object of the
present invention to provide an improved apparatus to that disclosed in
Australian patent 589261.

According to one aspect of the present invention there is disclosed
electrostatic rotary atomizing liquid spray coating apparatus comprising:

a support body of insulative material having forward intermediate,
and rear sections

a rotary atomizer of insulative material having an axis of
rotation, a first surface over which liquid coating can flow outwardly to
an atomizing edge thereof when said atomizer is rotated about said axis
of rotation, and a second surface separated f-om said first surface by
said atomizing edge,

charging means extending through said atomizer between said first
and second surfaces for charging said liquid coating, said charging means
having an outer portion positioned proximate said second surface and an
inner portion positioned proximate said first surface to be contacted by
liquid coating material flowing outwardly over said first surface,

drive means incorporated in said support body drivingly mounting
said rotary atomizer to said forward section of said support body for
rotating said rotary atomizer about said axis of rotation,

means of supplying liquid coating to said first surface of said
rotary atomizer when said atomizer is rotating about its rotational axis,
and

plural electrical conductors stationarily mounted to the forward
section of said support body at circumferentially spaced locations
relative thereto, said conductors each having a free end located in
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closely spaced ‘proximity to said outer portion of said charging means for
transferring electrostatic energy to the charging means when said
stationary electrical conductors are energized from a high voltage source
for facilitating contact charging of the liquid coating supplied to said

5 first surface when said coating flows outwardly over said first surface
and contacts said charged outer portion of said charging means while
flowing toward said atomizing edge, wherein said charging means comprises:

a plurality of electrode posts extending through said atomizer from
said first to said second surfaces, said electrodes being '

10 circumferentially spaced about the atomizer axis of rotation.
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BRIEF DESCRIPTION OF THE DRAWINGS:

Figure 1 is a side elevational view, par-

tially in cross sectlon, of b&eXrotary atomizing
as deecribed '\ QU -Q-"11539/89".
liquid spray coating dev1ce)\

Figure 2 is a side elevational view, in
cross section, of the front section of the rotary
atomizing liquid spray coating device depicted in
Figure 1, showing, among other things, the general
relationshié of the atomizing cup and its rotary
drive, air jets for shaping the atomized coating
spray, high voltage circuit paths, and ligquid coating
flow path and associated valve.

Figure 3 is a cross-sectional view along

. line 3-3 of Figure 2 showing, among other things,
cie portions of the liquid coating and solvent flow paths
e to the rotary atomizing cup, as Qell as the general

‘ location of their respective valves, a portion of the

sPOo>
°

air path for shaping the liquid coating spray pattern,

“e23

and the electrical conductors which transmit high

voltage to the ring-shaped liquid coating charging
.E electrode mounted inside the atomizing cup.
. Figure 4 is a cross-sectional view along
line 4-4 of Figure 3 showing the flow passages and
valving for solvent for cleansing the exterior of the
rotary atomizing cup.

Figure 5 is a cross-sectional view along

line 5-5 of Figure 3 showing a portion of the path for

the air for shaping the atomized liquid spray coating

pattern.
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Figure 6 is a cross-sectional view along
line 6-6 of Figure 1 showing the general relationship
of the support columns between the front and rear body
sections of the spray device, the housing, and the
dump valve.

Figure 7 is a cross-sectional view along
line 7-7 of Figure 1 showing the general relationship
of the valves for the liquid coating material and the
solvent for cleansing the interior and exterior of the
rotary liquid atomizing cup.

Figure 8 is a cross-sectional view along
line 8-8 of Figure 3 showing the flow passages and
valving for solvent for cleansing the interior of the
rotary atomizing cup.

Figure 9 is a cross-sectional view along
line 9-9 of Figure 1 showing the rear body section of
the spray device, support columns, and various air and
solvent hoses.

Figure 10 is a front view of an alternate
embodiment of the discharge nozzle of a rotary
atomizing spray coating apparatus.

Figure 11 is a partial cross-sectional view
taken on line 11-11 of Figure 10.

Figure 12 is a cross-sectional view similar

o.;xm*udn e an Wiz 5 Bre presenc
in format to Fig. 11 of a portion ofxazéasskesgzitsr-
\(\\)Qw\\:.\ar\ MNeaws
kzat:ue:embcd:meat of the charging maas>?f the rotary

atomizer of the device of Fig. 1.
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Figure 13 is a view similar to Fig. 12 illustrating an alternative
embodiment of the present invention of the charging means.

With reference to Figures 1 and 2, which illustrate the rotary
atomizing 1iquid spray coating device of Australian patent AU-B-71539/87
the device is seen to include a support body 10 having a front or forward
section 12 and a rearward section 14 between which is positioned an
intermediate section 16. The body sections 12, 14, and 16 are generally
cylindrically shaped. The diameter of the forward and rear body sections
12 and 14 are substantially the same. The diameter of the intermediate
body section 16 is substantially less than that of the body sections 12
and 14, defining therebetween an annular cavity 18 within which can be
located and mounted, as will be described in more detail hereafter,
various valves for contiolling the flow of liquid coating material and
solvent for cleansing the interior and exterior of the rotary atomizing
cup described hereafter.

A rotary atomizing cup 20 extends forwardly from the front surface
22 of the forward body section 12. Removably secured to the front
surface 22 of the forward section 12 of the body 10 in any suitable
manner, such as by bolts, threaded engagement, or the like, is an annular
ring 24. The ring 24 includes a circular air passage or manifold 26
formed in the rear surface thereof from which extend forwardly a

HRF/STA/1023c
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plurality of circularly arranged air ports 28 for
establishing a circular array of air jets for shaping
the atomized liquid coating spray pattern 29 formed at
the forward edge or rim 42 of the atomizing cup 20.

As noted, extending forwardly from the
forward section 12 of the body 10 is the rotary
atomizing cup 20. Cup 20 is drivingly mounted on a
shaft 23 for rotation about its axis. The cup drive
shaft 23 exéends through a bore 12b in forward body
section 12 and an air or ball bearing 25 of a conven-
tional commercially available type located within a
suitably configured bearing cavity or bore 27 in
intermediate body section 16. Shaft 23 is drivea at
its rear (left as viewed in Figure 2) by a rotary
actuator 31, such as an air-driven turbine, also of a
conventional commercially available type which is
located rearwardly of the bearing 25 in a turbine
cavity or bore 3la in rear body section 14. A liquid
coating control valve 33 mounted to the rear surface
of the flange-defining portion of the forward section
12 of the body 10 controls the flow of liquid coating
material to a coating nozzle 30 via a passage 32
formed in the forward section 12 of the body 10.
Liquid coating under slight pressure exiting nozzle 30
enters an annular cavity 34 formed in the rear section
of the cup 20. Under centrifugal force due to the
rotation of cup 20 by drive shaft 23, the liquid

coating material in the annual cavity 34 passes
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radially outwardly and forwardly through avseries of
coating passages 36 in radial cup wall 20c to a
forward cup cavity 38. Once in the forward cup cavity
38 the liguid coating moves radially and forwardly
along a first surface defined by interior cup wall 40
toward the forward atomizing edge 42 of the cup 20
whkereat it is atomized under centrifugal force to form
the atomized spray pattern 29. A flat circular
ring-shaped'charging electrode 46 imbedded in the
interior wall 40 which is connected to a conventional
high voltage electrostatic supply (not sliown) in a
manner to be described, charges the liquid coating
material by contact &3 it passes thereover in its
movement from passages 26 in wall 20c to the forward
atomizing edge 42 of the cup whereat the ligquid is
centrifugally atomized to form spray pattern 29.

Disposed rearwardly of the body 10 and
spaced therefrom is a mounting bracket 50. Bracket 50
consists of a circular plate 52 and a rearwardly
extending collar 54. The plate 52 and collar 54 are
provided with a through bore into which can be posi-
tioned a circular post 56 supported in &ny suitable
manner by a spray reciprocating device, stationary
pedestal, or the like. A locking screw 58 threaded
radially into the wall of collar 54 is provided for
locking the bracket 50 on the post 56.

Extending between the circular plate 52 and

the rear surface 60 of the rear section 14 of the body
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10 are several mounting posts or columns 62, 64, and
66. Columns 64 and 66 can be fastened in any suitable
manner to the plate 52 and the rear wall 60 of the
rear section 14 of the body 10. For example, columns
64 and 66 can be threaded at their forward ends and
screwed into éhitably provided threaded bores in the
rear wall 60 of the rear section 14 of the body 10.
The columns 64 and 66 at their rearward ends may be
provided wi;h reduced dianeter portions which extends
through suitably provided bores in the plate 52 such
that they project rearwardly (leftwardly as viewed in
Figure 1) of rear surface 55 of the plate 52. By
providing threads on the reduced diameter portion of
the rear ends of the columns 64 and 66 which project
rearwardly of the plate surface 55, nuts can be used
to secure the rearward ends of the columns 64 and 66
to the plate 52, as is done with the rear end of
column 62 in a manner to be described.

The support column 62 at its rear or left
end has a reduced diameter portion 62c which passes
through a suitable bore in plate 52, extending rear-
wardly of surface 55 thereof. A nut 62d threadedly
engages the column end portion 62c to secure column 62
to plate 52. The support column 62 at its forward end
passes through a suitably provided bore 70 in the rear
section 14 of body 10 and extends forwardly to the
rear wall 12a of the forward body section 12. The

forwardmost portion 62a of the column 62 is of reduced
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diameter and threaded such that it will threadably
engage a suitable threaded bore 72 formed in the rear
surface 12a of the forward body section 12.

The column 62 is provided with an axial
internal bore 62b within which is positioned a high
voltage insulated cable 74 connected at its rearward
end to a high voltage electrostatic supply (not
shown). The cable 74 at its forward end 74a connects
to a gun reéistor 76. An electrical conductor 78
extends between the forward end of the gun resistor
for energizing the electrode 46 in a manner to be
described in more detail hereafter.

As shown in Figure 1, a dump valve 80
mounted to the forward wall 57 of the plate 52 con-
nects to the liquid coating valve 33 via a flexible
conduit 82 and to a waste receptacle 86 via a conduit
88. Dump valve 80 diverts cleansing solvent from
coating valve 33 during color change operations in a
manner well known in the art.

Mounted to the rear surface 12a of the
flange-defining portion of forward body section 12, in
addition to the coating control valve 33, are solvent
valves 90 and 92 which control the fliow of solvent, in
a manner to be described, to the exterior of the
rctary atomizing cup 20 and the interior of the rotary
atomizing cup, respectively, as shown in Figures 3, 4,
7, and 8. Valves 90 and 92 are located in the annular

cavity 18.
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‘The rotary atomizing cup 20, as best seen in
Figure 2, includes a frusto-conical tubular section
20a and a hub 20b which are interconnected by radial
wall 20c which collectively define the rear annular
cavity 34 and the forward cavity 38. The nonuniform
cross section of the tubular section 20 increases
along the axis thereof in the direction of the
atomizing edge 42. The hub 20b is provided with a
tapered bor; 20f which snugly engages a similarly
tapered portion 23a of the drive shaft 23. The
forward end 23b of the drive shaft 23 is threaded for
threadedly receiving a retaining nut 100 which locks
the hub 20b of the cup 20 in place on the drive shaft
3. Imbedded in the outer surface 20d of the frusto-
conical section 20a of cup 20, in the embodiment
illustrated in Fig. 2, a circular current-conducting
flat ring element 102, preferably of semiconductive
material. Ring element 102 is electrically connected
to the flat electrode 46, which is also preferably
fabricated of semiconductive material, via a series of
conducting means in the form of pins 104 seated in
suitably provided bores in the cup section 20a. The
pins 104, which are preferably of semiconductive
material, at their opposite ends are in electrical
contact with the confronting surfaces of the ring 102
and electrode 46. The cup 20 is preferably made of
insulative material, as is the nut 100, shaft 23,

bearing 25, annular ring 24, body 10, rotary actuator
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31, valves 33, 80, 90, and 92, and associated fluid
conduits, mounting bracket 50, and mounting columns
62, 64, and 66 for the purpose of minimizing the
storage of electriEal energy in capacitive form in the
spray coating device. A preferred type of insulating
material for the cup 20 is PEEK (polyetheretherketone)
available from I.C.I. of America, and for tbhe
remaining insulative elements is ERTALYTE (polyester)
available from Erta Incorporated, Malvern,
Pennsylvania.

Surrounding the bracket 50 and body 10, as
well as the various valves, is a tubular housing, as
best shown in Figure 1, for enclosing the various
operating components of the spray device. The housing
is preferably fabricated of insulative material.

The liquid coating valve 33, which may be of
any conventional type, preferably includes a valve
body 120 having a stepped diameter bore 122. Located
in the forward end of the bore 122 is a valve seat
insert mount 124 having a bore 126 within which is
positioned a valve seat insert 128 having an axial
passage 128a which is normally blocked by a ball valve
element 130 formed at the forward end of a recipro-
cable rod 132 which is normally forwardly biased to
close the valve by a spring-biased air-operated piston
134 secured to the rear end 132a of the shaft 132. A
spring 135 normally biases the piston 134 in a forward

direction (rightwardly as viewed in Figure 2). An air
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chamber 136 connects to a source of pressurized air
via a passage 138 in the wall of the rear portion of
the valve body 120. When pressurized air is admitted
into the chamber 136 via passage 138 under control of
means not shown, the piston 134 is urged rearwardly
(leftwardly) to unseat the ball valve element 130
relative to the seat of the seat insert 128, inter-
connecting passage 128a with a liquid coating chamber
142. Chamber 142 communicates with a source of
pressurized liquid coating (not shown) via a passage
144 formed in the wall of the valve body 120 which
connects to a coating supply conduit 145.

Thus, when pressurized air is admitted into
cavity 136 via passage 138 urging the piston 134
rearwardly and unseating the valve ball element 130,
pressurized liquid coating in chamber 142 passes
through passage- way 128a into the passageway 32 of
the forward body section 12 whereupon it exits under
pressure from the nozzle 30 into the rear cavity 34 of
the rotary cup 20. In a manner described heretofore,
the liquid coating material in rear cavity 34 flows
through passages 36 along interior wall 40 of the
forward cavity 38 over ilat ring electrode 46 whereat
the coating material is electrostatically charged.
Eventually the charged electrostatic coating is
atomized at the forward edge 42 of the cup 20 to form

spray pattern 29.



Air cavity 136 and coating cavity 142 are
separated by suitable seals 150 which permit axial
reciprocation of the rod 132. The cavity 142 of the
valve 33 connects via passage 152 formed in the wall
of the valve body 120 to the conduit 82, ultimat«ly
being passed to a waste receptacle 86 via the dump
valve 80 and the conduit 88. The dump valve 80 is
substantially identical to the valve 33, except it
has, in addition to a single inlet passage, only one
outlet passage for the flow of liquid coating
material. The dump valve 80, iike the valve 33, is
air-operated and for this purpose has a controlled
source of pressurized air (not shown) connected to it
via an air hose 80a.

Shaping of the atomized liquid coating spray
pattern 29 emanating from the farward edge 42 of the
rotary atomizing cup 20, as previously noted, is
provided by a circular air passage 26 formed in the
annular ring 24 which feeds a plurality of circularly
arranged axially extending ports 28 which establish
forwardly projecting air jets. To provide pressurized
air to the circular air passage 26 formed in annular
ring 24, the forward body section 12 is provided with
a passage 160 which at its forward end communicates
with the circular air passage 26 and at its rearward
end connects to a suitable source of -~ :ssurized air
(not shown) via a hose 162. Control * -us, élso not

shown, ragulate the flow of air in tne ! =e 162 in a
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conventional wanner. When pressurized air is provided
to the hose 1¢?, ajr is emitted under pressure from
the circularly arranged ports 28 in a forwardly
direction, shaping the electrostatically charged
atomized liquid coating particle spray pattern 29, as
desired.

When it is desired to change the color of
the liquid goating material being sprayed from the
device of this invention, solvent is introduced into
the port 144 of the valve 33, in a manner well known
in the art, and the valve 80 opened. The solvent
flows through and flushes the valve 33, the passage
32, and nozzle 30, as well as through passage 152 and
hose 82 to the dump valve 80, allowing the solvent to
pass through the dump valve into the waste receptacle
86 via hose 88. Cleansing of the exterior surface 204
of liquid coating material with solvent as an incident
to color change is provided by means of a solvent
nozzle 170 threaded into a suitably provided bore 172
in the front surface 22 >f the forward body section
12. The passage 172 at its rear end connects to the
output port 90a of the solvent valve 50. Connected to
the input port 90b of the solvent valve 90 is a
solvent hose 174 supplied from a suitable source of
pressurized solvent (not shown). The valve 90 is
constructed substantially identical to dump valve 80
and, like dump valve 80, is provided with an air-

operated ball valve element 90c at the forward end of
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a rod 904 controlled by a spring-biased air-actuated
piston 90e. A controlled source of pressurized air is
connected to the valve 90 via a suitable air hose 176
to actuate the valve, as desired.

To cleanse the rearward cup cavity 34,
passages 36, and forward cup cavity 38 of coating
material as an incident to color changing, a solvent
nozzle 94 and valve 92 shown in Figure 8 is provided,
the valve being substantially identical to that shown
in Figgre 4 for cleansing the exterior surface of the
atomizing cup 20. The only difference between the
solvent cleansing nozzle 94 and valve assembly 92 for
cleansing the interior of the cup 20 and the nozzle
170 and valve 90 for cleansing the exterior of the cup
is that the nozzle 94 for cleansing the interior of
the cup projects from the forward surface section 22a
of the forward body section 12 into the rear cavity 34
of the cup 20. The coordination of the various valves
to effect color change and the flushing of the valves,
nozzles, associated passages, hoses, and the like and
cleansing the interior and exterior of the atomizing
cup is accomplished in accordance with procedures well
known in the ar%, and therefore are not further
discussed herein.

A source of pressurized solvent 180 feeds a
hose 182 which is bifurcated to supply the hose 174
which provides solvent to the valve 90 for cgntrolling

the flow of solvent for cleaning the exterior of the
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cup 20 and to supply a hose 175 which supplies solvent
to the valve 92 which controls the flow of cleansing
solvent to the interior cavity 34 of the atomizing cup
20.

A source of pressurized air 185 connects to
hoses 186 and 188 which are input to the air turbine
ﬁl for driving and braking the turbine rotor, respec-
tively, and in turn, driving and braking, respective-
ly, the shaft 23 and ultimately the atomizing cup 20.
A hose 190 vents exhaust air from the turbine 31. By
selectively controlling the pressure and flow of air
in hoses 186 and 188, the speed of the air turbine 31,
and hence of the output shaft 23 and ultimately the
rotary atomizing cup 20, can be controlied in a manner
well known to those skilled in the art.

An air hose 192 connected to a selectively
operable source cf pressurized air controls the
solvent valve 92 for cleansing the interior of the
rotary atomizing cup 20. Air hose 192 functions with
respect to solvent wvalve 92 in a manner analogous to
air hose 176 which is connected to solvent valve 90
for controlling its operation and air hose 138 which
connects to the paint valve 33 for controlling its
operation.

To minimize the accumulation of coating
material on the surface of the shaft 23, air purge
means are provided to supply a positive air flow along

the shaft toward the rotary atomizing member 20. 1In a
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preferred form the air purge means includes, as shown
in Figure 2, a port 300 provided in the back wall 12a
of the forward body section 12 for connection to an
air supply line (not shown). The air line will supply
air through a passage 302 to a discharge port 304 into
the space 308 between the bore 12b of the forward body
support section 12 and the shaft 23. This air sup-
plies a positive air purge along the shaft 23 towards
the cup 20.to prevent coating from migrating back
along the shaft into the bearing 25.

High voltage electrostatic energy is coupled
from the electrode 78 at the output of the gun resis-
tor 76 to the semiconductive ring 102 (and ultimately
to the semiconductive electrode 46 via the semiconduc-
tive pins 104) via a path which includes an elec-
trically conductive spring contact 200 located in the
forward end of the bore 72 formed in the forward body
section 12, an electrical conductor 202 snugly fitting
in a bore formed in the forward body section, an
electrode ring 204 imbedded in an annular recess
formed in the rear wall 206 of the annular ring 24,
and several parallel circuit paths connected between
the ring conductor 204 and the semiconductive ring
102. The series circuit paths between rings 204 and
102 include a resistor 210 disposed between a) an
electrical conductor 212 which is connected between
the resistor 210 and the ring 204 and b) a conductor

214 extending from the forward end of the resistor 210
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toward and in close proximity to the semiconductive
ring 102. BAn insulative sheath 216 threaded at its
inner or rear end into a suitably threaded bore in the
annular ring 24 encases the resistor 210, conductor
212, and conductor 214, with conductor 214 projecting
from the forward end of the sheath. Insulative
sheaths 218 and 220, identical to sheath 216, mounted
in circumferentially spaced relation around the
annular riné 24 120° on either side of the sheath 216,
contain resistors 218a (Figure 3) and 220a which are
identical to resistor 210. Resistor 218a is connected
between a) an outer electrical conductor 218b which
extends from the forward end of its associated sheath
toward and in close proximity to the semiconductive
ring 102 and b) an electrical conductor 218c which is
connected to the conductive ring 204 for transmitting
electrostatic voltage to the resistor 218a. Resistor
220a is connected between a) an electrical conductor
220b which extends from the forward end of its associ-
ated sheath toward and in closé proximity to the semi-
conductive ring 102 and b) an electrical conductor
220c which is connected betwern the resistor and the
electrically conductive ring 204. The forwardly
projecting ends of the electrical conductors 214,
218b, and 220b are spaced very slightly from the
exterior surface of the semiconductive ring 102 such
that when high voltage is transmitted theretq via the

insulated cable 74, gun resistor 76, conductor 78,
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spring 200, conductor 202, ring conductor 204, and
conductor/resistor pairs 210/212, 21%a/218c, and
220a/220c, electrostatic energy is transmitted across
the gap to the semiconductive ring 102 and ultimately
to the ring electrode 46 via pins 104 for contact
charging of liquid coating material which flows
radially outwardly and forwardly alonug inner wall 40
over the surface of the semiconductive electrode 46.

It has been discovered that the coating
transfer efficiency is enhanced by the use of three
circumferentially-spaced conductors 212, 218c and 220c
in comparison to that achieved when only a single
conductor is used. Thus, plural conductors provide
improved results and are clearly preferred where high
transfer efficiency is desired.

Gun resistor 76 can have a resistance which
varies depending upon the operating range of the
electrostatic power supply which energizes the cAble
74. Preferably, for electrostatic supplies operating
in the range of 50Kv-125Kv, the gun resistor has a
resistance of 75 megohms. The resistors 210, 218a,
and 220a can also have varying resistances, although
preferably each such resistor has a resistance of
approximately 12 megohms.

The insulated cable 74 may take a variety of
forms, although the preferred cable is one in which
the conductive core 74b is fabricated of sil;con

carbide fiber in accordance with the disclosure and
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claims of Hastings et al U.S. Patent 4,576,827,
granted March 18, 1986, assigned to the assignee of
“he present application, the entire disclosure of
which is incorporated herein by reference. The
semiconductive ring 102, pins 104, and electrode 46
are also preferably fabricated of RYTON (polyphenylene
sulfide (PPS)), available from Phillips 66, although
other semiconductive materials may be used. 1In
addition, énd although not preferred, the ring 102,
pins 104, and/or electrode 46 can be fabricated of
conductive material. However, when fabricated of
conductive material, the capability of the rotating
atomizing cup 20 to capacitively store electrical
energy is increased over that which exists when the
ring 102, pins 104, and electrode 46 are fabricated of
semiconductive material. 1If desired, the conductive
elements 78, 200, 202, 204, 212, 214, 218b and 218c,
and 220b and 220c can be fabricated of semiconductive
material rather than conductive material. According-
ly, and for the purpose of minimizing the electrical
energy stored capacitively in the spray device of this
invention, all elements of the spray device are
preferably fabricated of insulative material, except
for those which are fabricated of semiconductive
and/or electrically ccnductive material for the
purpose of transporting electrostatic energy at high

voltage from a remote source (not shown) to the
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coating charging electrode 46 in the rotary atomizing cup 20.

The rotating atomizing cup 20 has been described as being
frustoconical in shape. As those skilled in the art will understand,
other shapes can be utilized without departing from the spirit and scope
of this invention.

The valves 33, 80, 90 and 92 are generally constructed in
accoirdance with the teachings of Hastings et al US Patent 3,870,233,
assigned to the assignee of this application, the disclosure of which is
incorporated herein by reference.

An alternate device will now be described with reference to the
example shown in Figs. 10 and 11 to which we now refer. Except for the
differences to be described, the alternate device is substantially the
same as the first device discussed above, with 1ike parts having been
assigned like reference numerals.

The alternate device of the rotary atomizing liquid spray coating
device is seen to include a support body 10 having a front or forward
section 12. As with the first device, an annular cavity 18 is located
rearwardly of the forward section 12. MWithin cavity 18 are located, as
will be described irn more detail hereafter, various valves for
controlling the flow of

HRF/STA/1023c
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liquid coating material and solvent for cleansing the
interior and exterior of the rotary atomizing cup 20.

Rotary atomizing cup 20 extends forwardly
from the front surface 22 of the forward body section
12. Removably secured to the front surface 22 of the
forward section 12 of the body 10 in any suitable
manner, such as by bolts, threaded engagement, or the
like, is a cap 400 having a generally convex outer
face 402 and a centrally disposed, inwardly tapering
recess 404 inside which, at least a portion of
atomizing cup 20 may be located. . Cap 400 includes a
base 406 having a generally circular air passage or
manifold 26 formed therein. A gasket 408 having
suitably sized and positioned apertures is interposed
between cap 400 and the front surface 22 of the
forward section 12 of body 10 to provide a suitable
seal for air and solvent passages, to be described
later, which communicate between forward section 12
and cap 400. Similar to the annular ring 24 of the
first embodiment, cap 400 includes a plurality of
circularly arranged air ports 28 for establishing a
circular array of air jets surrounding rotary
atomizing cup 20 for shaping the atomized liquid
coating spray pattern 29 formed at the forward edge or
rim 42 of the atomizing cup 20 and projecting it
toward a workpiece to be coated in the manner previ-

ously described.
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As noted, extending forwardly from the
forward section 12 of the body 10 is the rotary
atomizing cup 20. Cup 20 is drivingly mounted for
rotation on a shaft 23 of a rotary actuator (not
shown). The cup drive shaft 23 extends through a bore
12b in forward body section 12. As in the first
embodiment, a liquid coating control valve 33 is
mounted to the rear surface of the forward section 12
and controls the flow of liquid coating material to
the coating nozzle 30. Liquid coating under slight
pressure exiting nozzle 30 enters the cup 20 and

passes therethrough there as previously described. wi=th

Mounted within cavity 18 and on the rear

ceus surface of the forward body section 12, in addition to

eeen the coating control valve 33, is a single solvent

. valve 412 which, in lieu of the dual interior and

e exterior solvent valves 90, 92 of the first embodi-
ment. Valve 412 controls the flow of solvent, in a
manner to be described, to both the interior and

. exterior of the rotary atomizing cup 20.

The diameter of frusto-conical rotary
atomizing cup 20 increases along the axis of the cup
in the direction of the atomizing edge 42. Imbedded
in the outer surface 20d of the frusto-conical cup 20
is a circular current-conducting flat ring element

a
102, preferably oﬁhsemi—conducti e material. -Accozd=

cooradWngly, '
irg—tn-—eane—aapeect of the inuventipn yung element 102
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is recessed substantially entirely within the recess
404 in which cup 20 is disposed thereby decreasing the
likelihood that personnel or objects can contact
element 102 creating a shock hazard. As with the
devce

first[?mbeéémenk, ring element 102 is electrically
connected to the charging flat electrode located on
the interior surface of cup 20 in the manner pre-
viously described. A housing 416 is used to enclose
all the opérating components and the various conduits
for coating material solvent and waste as well as the
high voltage electrical cable are preferably routed
rearwardly through appropriate apertures (not shown)
in the rear mounting bracket rather than through the
side walls as shown in Fig. 1. This locates the
conduits and cable as far as possible from the spray
pattern 29 emanating from the edge of atomizing cup 20
to help prevent the accumulation of coating material
on them. It also provides a sleek, attractive unclut-
tered appearance.

When it is desired to change the color of
the liquid coating material being sprayed from the
device of this invention, coating valve 33 is flushed

with solvent by way of dump valve in the manner

previously described. .RAesarding-to—the—piiternate
The

2 Ainterior and exterior
cleansing of atomizer cup 20 of liquid coating
material with solvent as an incident to color change

is performed using single solvent valve 412. To this
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end, valve 412 communicates with a bore 420 in body
section 12. The bore 420 has a pair of branch bores
422, 424. Branch bore 422 connects with nozzle 32 to
cleanse the interior of cup 20 in the manner previous-
ly described. The other branch bore 424, exits
through a suitable aperture in gasket 408 and connects
with a bore 426 in cap 400. This bore 426 has an exit
port 428 at the wall of inwardly tapering recess 404
directed té cleanse the exterior 204 of cup 20. Valve
412 is constructed substantially identically to dump
valve 30 as previously described and is actuated by a
controlled source of pressurized air to simultaneously
flush the intericr and exterior of cup 20 with solvent

prior to a color change or for periodic cleaning.
. .

E ‘lql def\’\C;e/

vees In the firstkgmheéémeet, purge air was
ot )
cien provided to minimize the accumulation of coating

. material on the surface of the shaft 23. According to

e Aeuvice

1rac the alternatelgmheéémeﬂt, bearing 25 is selected to be
an air bearing. This eliminates a separate purging
air passage such as passage 302 p{eviously described

device ]

. with reference to the firstl?mbﬁﬁtmeﬂi, since the

. normal air leakage of the air bearing (not shown) to

flow along shaft 23 as a air purge means in the space

308. This flow of leakage air supplies a positive air

purge along the shaft 23 towards the cup 20 to prevent

coating from migrating back along the shaft into the

bearing (not shown).
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The path for conducting high voltage elec-
trostatic energy from gun resistor 76 to the charging

electrode 102 imbedded in the interior wall 204 of

. dence
atomizing cup 20 according to the alternate\$mbeé%meﬂ%

will now be described in further detail. An annular
conductor 430 which substantially encircles cap 400 is
disposed in an annular stepped groove 432 cut in base
or rear face 434 of cap 400. Conductor 430 is cap-
tured within groove 432 by an insulating ring 436
which is sealed in the larger step of groove 432 using
a suitable adhesive sealant such as an epoxy. The
conductor 430 is connected by soldering, brazing or
other suitable means to a conductive disk 438, which
is preferably of brass or other electrically conduc-
tive corrosion resistant material. Disk 438 nests
within a recess 440 of an electrically insulating
bushing 442 which, in turn nests partially inside the
front end 62a of the support column 62 which houses
gun resistor 76. The opposite end of bushing 442
nests in a pocket in the rirg 436. Bushing 442
includes an axial bore 444 which receives a cylindri-
cal projecting portion 446 of column 62. Column end
62a and projection 446 include a bore 448 which
communicates with gun resistor 76. Received within
bore 448 is the hollow tubular body portion 450 of
electrically conductive spring contact assembly 452.
Body portion 448 contains a spring 454 which is

compressively biased by a plvager 456 having a head
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458 which abuts disk 438 as the base of body portion
450 abuts gun resistor 76 thereby providing good
electrical contact between gun resistor 76 and disk
438 which is in turn connected to annular conductor
430.

Electrostatic energy is transferred from
conductor 430 to charging electrode 102 by way of
three charging resistors 210 of identical nominal
resistance connected electrically in parallel between

charging electrode 102 and conductor 430. According
Aevice
to the alternatefaﬂxxﬁﬂﬁai, the .charging resistors

210 are physically mounted within cap 400 in evenly
circumferentially spaced relation to one another.
Resistors 210 all fit snugly within bores 460 which
communicate with conductor 430, and which are disposad
with the recess 404 of cap 400 wherein atomizer cup 20
is located. Bores 460 each intersect recess 404 at a
location opposite the ring element 102 of atomizer cup
20 so that the free ends 462 of the charging resistors
act as electrodes which terminate in closely spaced
proximity to semi~-conductive ring element 102. By
imbedding charging resistors 210 within cap 400 the
invention affords substantial protection against their
being damaged or misaligned due accidental impact.
Also, since the electrode leads 462 are located within
recess 404 there is less likelihood they can be
contacted by personnel or objects thereby reQucing the

risk of electrical shock or mechanical damage. The
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opposite leads 464 of the charging resistors 210 pass
through reduced diameter portions of bores 460 which
intersect groove 432, at which point leads 464 are
connected to conductor 430 by soldering or other
suitable means.

Thus, high voltage electrostatic energy is
transmitted by way of high voltage cable 74 as previ-
ously described to gun resistor 76. It is then
carried to conductor 430 by way of spring contact 452
and disk 438. From conductor 430, electrostatic
energy is carried to charging electrode 102 of
atomizing cup 20 by way of the three charging resis-
tors 210 connected electrically in parallel between
conductor 430 and the gap between the electrodes or
free ends 462 of said resistors and the ring element
102 on the outside of atomizing cup 20. Electrostatic
energy is then transmitted across the gap between each
said electrodes 462 and semi-conductive ring element
102. From ring element 102, the electrostatic energy

device
is utilized in the manner of the firstg?ﬂxxﬁaem% to
impart a charge to the coating material.

The resistances of gun resistor 76 and
charging resistors 210 are selected as previously

devices
deszribed. As with the [embediments previously
described, and for the purpose of minimizing the
electrical energy stored capacitively in the spray

device ef=this—invention, all elements of the spray

device are preferably fabricated of insulative
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material, except for those which are fabricated of
semi-conductive and/or electrically conductive
material for the purpose of transporting electrostatic
energy at high voltage from a remote source (not

shown) to the coating charging electrode 102 in the
rotary atomizing cvp 20. i
The alternatek§$§;§§é££ of the rotary
atomizing liquid spray system sf—the—=inuention
includes se;eral features which help to project the
spray pattern 29 forwardly toward the work piece to be
. coated and avoid the accumulation of coating material
on the sprayer itself thereby increasing transfer
‘eens efficiency and decreasing fouling of the sprayer. One
such feature, namely the provision of a plurality of
air ports 28 for establishing an array of forwardly
directed air jets surrounding atomizing cup 20 for
shaping and projecting spray pattern 29 toward the
workpiece to be coated has already been described.
Further,as?ezdiag=¢e=hho=iasc=biea¢ the sprayer of
thisLéggggggéat also preferably includes at least one
of the additional features which will now be
. described.
E Atomizer cup 20 is surrounded by electro-
: static repulsion means which preferably takes the form
of a substantially continuous conductive, or more
preferably, semi-conductive ring 470. Ring 470 is

imbedded in a groove 472 cut in the outer face 402 of

cap 400 as to lie substantially flush therewith as not
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to interfere significantly with its contour for
reasons which will later become apparent. Ring 470 is
electrically connected directly to conductor 430 by
way of a conductive pin 474 so that ring 470 is
energized with a high voltage charge of the same
polarity as the charge carried by the coating drop-
lets. This helps to promote the migration of spray

pattern away from the spray apparatus and toward the

workpiece éo be coated.

Another important aspect f=the—presert—
FrentFon- which has been found to help increase
transfer efficiency by avoiding air flow eddys which
tend to inhibit the forward migration of spray pattern
29 and to be useful in avoiding the accumulation of
coating material on the spray apparatus is the provi-
sion of a curved, aerodynamically contoured outer face
402 on cap 400 as shown. The forward portion of cap
400 defines a circular dome having a contoured outer
face 402 and a central recess 404 in which frusto-
conical atomizing cup 20 is recessed. For the purpose
of avoiding reverse air flow eddys, the degree to
which cup 20 is recessed within cap 400 is not
believed to be critical. 1In fact, recess 404 may be
eliminated so that outer face 402 lies substantially
entirely behind cup 20. However, so that conductive
ring 102 and electrodes 462 may be protected as
previously described, cup 20 is preferably recessed

within cap 400 from to approximately one-half to
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two-thirds of its nverall length. Recess 404 tapers
inwardly at a slightly greater rate than the wall of
cup 20 so that the gap between cup 20 and recess 404
is slightly narrower at its base than at is mouth.
The transition edge between tapered recess 404 and
curved outer face 402 is not sharp but rather is

provided with a generous radius as shown in the

drawings.

As atomizer cup 20 rotates at an angular

speed sufficient to atomize coating material, usually
in the range of 10,000 to 40,000 R.P.M., its atomizing
edge 42, which is a larger diametexr than its base 480,
rotates at a greater surface speed than its base.
Since the air surrounding cup 20 will tend to move
with the surface of the cup 20 due to drag, there will
be a pressure gradient along the outside wall 204 of
cup 20 tending to cause a flow of air along the
outside wall 204 in a direction generally parallel to
wall 20d and oriented from base 480 toward edge 42.
Since the aforementioned air flow would tend to
partially evacuate the region near the base of the
cup, it is believed that a make-up air flow takes
place along outer face 204 inwardly toward the base
480 of cup 20 along the wall of recess 404. The shape
of cap 400, particularly the shape of its outer face

402 is selected such that under conditions of normal
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operation, the flow of make-up air across its surface will be in a
substantially laminar flow regime. This is believed to help avoid the
generation of eddy currents in the vicinity of cup 20 which would
otherwise tend to draw coating material back toward the spray apparatus
5 rather than permit it to be directed toward the workpiece as desired.
Embodiments of the present invention are shown in Figs 12 and 13.
Except for the differences described, the embodiments of the invention
are substantially the same as those discussed above, with like parts
assigned like reference numerals. The charging means heretofore
10 described with rings 46 and 102, respectively, forming the inner and
outer portions thereof with pins 104 forming the connection therebetween
is formed differently in Figs. 12 and 13.
Referring to Fig. 12, the outer portion of charging means 501 of
cup 20, rather than being in the form of the circular flat ring element
15 102 (Fig. 2), is formed by the outer ends 502, proximate the outer
surface 20d of the cup 20, of a plurality of discrete posts 504
circumferentially spaced about the axis of the atomizer cup 20,
preferably at equal angular increments. The pins 504, and their ends
502, are preferably eight or more in number, and preferably, sixteen. As
20 such, the ends 502 of the posts 504 function in the same way as the
circular ring element

HRF/STA/1023c¢
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102 of Figs 1-11. The inner portion of the charging means 501 is in the
form of the ring 546 configured and positioned in the same manner as the
ring 46 of Figs 1-11. That is, as illustrated for ring 46 in Fig. 2, the
ring 546 is both recessed in the inner surface and substantially flush
with its inner surface.

Referring to Fig. 13, the charging means 601 rather than in the
form of a circular ring 46 as in the embodiments above, is in the form of
a plurality of discrete circumferentially spaced charging electrodes 604
extending between the inner and outer surfaces of the atomizer 20, and
preferably spaced at equal angular increments about the atomizer axis of
rotation. The inner portion of the charging means 601 is formed of the
inner ends 646 of tﬁe electrodes 604 which are proximate to the inner
surface of the atomizer 20. The outer portion of the charging means is
formed of the outer ends 602 of the electrodes 604 which are proximate
the outer surface of the atomizer 20. The electrodes 604 are preferably
number at least eight, and preferably about sixteen. The electrodes
inner ends 646 function in the same manner and nearly as effectively in
charging the liquid as the charging electrode ring 46 as previously
described, but hold less residual charge with improved safety.

HRF/STA/1023¢
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The claims defining the invention are as follows:

1. Electrostatic rotary atomizing liquid spray coating apparatus
comprising:

a support body of insulative material having forward intermediate,
and rear sections

a rotary atomizer of insulative material having an axis of
rotation, a first surface over which liquid coating can flow outwardly to
an atomizing edge thereof when said atomizer is rotated about said axis
of rotation, and a second surface separated from said first surface by
said atomizing edge,

charging means extending through said atomizer between said first
and second surfaces for charging said liquid coating, said charging means
having an outer portion positicned proximate said second surface and an
inner portion positioned proximate said first surface to be contacted by
liquid coating material flowing outwardly over said first surface,

drive means incorporated in said support body drivingly mounting
said rotary atomizer to said forward section of said support body for
rotating said rotary atomizer about said axis of rotation,

means of supplying liquid coating to said first surface of said
rotary atomizer when said atomizer is rotating about its rotational axis,
and

plural electrical conductors stationarily mounted to the forward
section of said support body at circumferentially spaced locations
relative thereto, said conductors each having a free end located in
clecely spaced proximity to said outer portion of said charging means for
transferring electrostatic energy to the charging means when said
stationary electrical conductors are energized from a high voltage source
for facilitating contact charging of the liquid coating supplied to said
first surface when said coating flows outwardly over said first surface
and contacts said charged outer portion of said charging means while
flowing toward said atomizing edge, wherein said charging means comprises:

a plurality of electrode posts extending through said atomizer from
said first to said second surfaqes. said electrodes being
circumferentially spaced about the atomizer axis of rotation.

2. The apparatus of claim 1 wherein said inner portion of said
charging means comprises:

HRF/STA/1023c
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a circular ring-shaped charging electrode mounted on said first
surface encircling said axis of rotation, said plurality of electrode
posts being electrically connected to said ring on said first surfacc,
each of said posts having ends proximate said second surface forming the
outer portion of said charging means.

3. The apparatus of claim 1 wherein the inner portion of said
charging means comprises the inner ends of said electrodes and the outer
portion of said charging means comprises the outer ends of said
electrodes.

4.  The apparatus of claim 1 wherein the number of said electrode
posts is at Teast eight in number.

5. The apparatus of claim 1 wherein the charging means is formed
at least in part of semiconductive material.

6. The apparatus of claim 2 wherein said inner portion of said
charging means is recessed into said first surface.

7.  The apparatus of claim 1 wherein said inner portion of said
charging means is a flat circular ring-shaped electrode which is mounted
substantially flush with said first surface.

8. The apparatus of claim 1 wherein there are at least three
stationarily mounted conductors which are substantially equaliy
circumferentially spaced relative to said axis of rotation.

9. The apparatus of claim 1 wherein said posts are disposed
generally parallel to the rotational axis of said rotary atomizer such
that the portion of said atomizer disposed radially outward of said posts
restrains centrifugal motion-induced forces applied to said posts when
said atomizer rotates.

10. The apparatus of claim 1 wherein said forward section of said
support body includes a recess in which said rotary atomizer is at least
partially disposed to define a gap between said forward section and said
second surface of said rotary atomizer, said outer portion of said
charging means and said free ends of said conductors each being disposed
substantially within said gap whereby said free ends and said outer
portions of said charging means are afforcded substantial protection
against inadvertent contact.

11. An electrcstatic rotary atomizing liquid spray coating
apparatus substantially as described with reference to Figs. 12 an2 13 of
the accompanying drawings.

TA/1023c
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DATED this SIXTH day of JULY 1993

Nordson Corporation

Patent Attorneys for the Applicant
SPRUSON & FERGUSON
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