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Description

This invention relates to particle spray equipment
and more particularly to a particle spray gun for
electrostatically applying coating particles to an ar-
ticle to be coated.

Coating applied electrostatically to an object to
be coated can be either in the form of electrostati-
cally charged solid particles, i.e., powder, or elec-
trostatically charged liquid particles which have
been atomized using a variety of well known tech-
niques or principles, including air impingement atomi-
zation, airless or hydrostatic pressure atomization,
and/or electrostatic atomization. This invention is
useful with both liquid and powder spray coating ap-
plications.

In the application of solid particulate coatings,
such as powdered resins, in industrial finishing ap-
plications, the particulate or powder is commonly
conveyed to a spray device, often termed a "gun®,
by air under pressure and is then sprayed from an
opening in the forward end, or nozzle, of the gun in
the form of a powder-entrained air stream which is
projected along a path from the gun toward the ob-
ject to be coated. In the process of spraying the
coating particles from the gun, an electrical charge
is preferably imparted to the particles by an elec-
trode maintained at a high voltage which is mounted
to the gun nozzle proximate to the path of the pow-
der coating stream. The charged particles are then
electrostatically attracted toward the object to be
coated which is held at electrical ground potential,
enhancing the efficiency with which charged parti-
cles sprayed from the gun are deposited on the tar-
get article. After the article is coated, it is generally
conveyed through an oven where the powder coat-
ing material is heated and fused onto the surface of
the article to permanently bond it thereto.

Electrostatic powder spray guns typically include
a mechanical powder deflector mounted at the noz-
zle end of the gun. in one preferred form the deflec-
tor is in the shape of a cone and is disposed axially
in the flow path of the powder being sprayed from
the gun, deflecting the powder into a conical spray
pattern. That is, the deflector is impacted by the
powder coating material being sprayed from the gun
in the nozzle region and directs the powder radially
outwardly to form a conical spray pattern.

Electrostatic liquid spray gun systems customari-
ly include a source of pressurized liquid which con-
veys the liquid coating to the gun via a hose where it
is emitted from the nozzle in a stream of atomized
particles. Atomization can be produced by impinge-
ment of the liquid stream with air in the region of the
nozzle, which is known as air atomization. Alterna-
tively, the liquid coating can be highly pressurized
such that upon exit from the nozzle atomization re-
sults, which is termed hydrostatic or airless atomi-
zation. In still other systems, the liquid is subjected
to electrostatic forces which effectively atomize
the liquid.

One of the objectives in the design of an electro-
static spray gun, either liquid or powder, is to maxi-
mize the efficiency with which charged coating parti-
cles sprayed from the gun are deposited on the arti-

10

15

20

25

30

35

40

45

50

55

60

€5

cle being coated. This is called the "transfer effi-
ciency”. It is generally believed by those skilled in
the art that transfer efficiency can be increased by
increasing the charge on the particles and/or by in-
creasing the strength of the. electrostatic field be-
tween the gun and the article being coated.

Accordingly, it has been an objective of this in-
vention to construct an electrostatic spray gun
which will both increase the charge on the particles
and the strength of the electrostatic field between
gun and article being coated, and thereby provide
improved powder coating transfer efficiency.

U.S. Patent No. 4 027 050 describes an electro-
static spray coating apparatus comprising a particle
spray device with an opening through which a
stream of particles is sprayed in a path towards an
article to be coated. A plurality of conductors are
arranged so that one of their ends extends into the
opening, their other ends being connected to a high
voltage source.

In accordance with the invention an electrostatic
spray coating apparatus comprises a particle spray
device having an opening therein from which a
stream of particles is sprayed in a path in a forward
direction toward an article to be electrostatically
coated and an electrode comprising a substantial
number of closely spaced electrode elements locat-
ed immediately proximate but not extending signifi-
cantly into the opening through which the particle
stream passes o be to be electrostatically charged
in its path toward the article to be coated, the elec-
trode elements being connectable to an electrostat-
ic voltage source for establishing a plurality of co-
rona charging points to enhance transfer efficien-
cy characterised in that a particle deflector
constructed of electrically non-conductive material
is located. in the particle path for deflecting the par-
ticle stream, the deflector having a surface upon
which the particle stream impinges and as a result
thereof becomes deflected, the plurality of elec-
trode elements being located proximate the deflec-
tor surface past which the deflected particle stream
passes to be electrostatically charged in its path to-
ward the article to be coated.

In one preferred embodiment of a powder spray
gun, the deflector has a) a rear surface upon which
the forwardly directed powder stream impinges and
as a result thereof becomes deflected into the de-
sired stream configuration, b) a front surface fac-
ing the forward direction, and ¢) a substantial
number of electrode elements circumferentially
spaced around the perimeter of the deflector which
are connected to a high voltage source via associ-
ated resistive paths incorporated in the deflector.
These electrode elements collectively function as
the multi-point electrode to provide a plurality of co-
rona charging points when the electrode is ener-
gized.

in one preferred embodiment described above,
the muiti-point electrode is in the form of a fibrous
resistive sheet constructed from a material such as
silicon carbide, which is incorporated in the deflec-
tor between the front and rear surfaces thereof to
define as its periphery, which is proximate to the de-
flector periphery, a large number of radially ar-
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ranged electrode elements which establish a plurali-
ty of corona charging points past which the deflect-
ed powder stream passes fo be electrostatically
charged as the powder particles are sprayed from
the gun. In this embodiment, in which the substantial
number of radially arranged electrode elements cir-
cumferentially spaced around the deflector periph-
ery function to establish a plurality of corona charg-
ing points, the resistive sheet located radially in-
wardly of the electrode elements functions as
resistive paths incorporated in the deflector
through which the electrode elements are energized
from a suitable high voltage source. While a silicon
carbide material is preferred for use as the resis-
tive sheet in this embodiment, other fibrous resis-
tive materials may also be suitable.

An important advantage of the toregoing embodi-
ment is that the peripheral edge of the silicon car-
bide sheet includes the ends of the many silicon car-
bide fibers forming the resistive sheet and these
fiber ends form a multitude of radially arranged
electrode elements which establish a plurality of co-
rona charging points which charge the powder parti-
cles as they are sprayed. This deflector structure
is believed to both increase the charge transferred
to the powder particles, and to increase the
strength of the electrostatic field between the gun
and the workpiece, to enhance coating transfer ef-
ficiency. Another advantage is that the deflector
structure particularly the resistive paths and plural
circumferentially-arranged electrode elements s
relatively inexpensive, easy to manufacture, and
durable. It is also readily replaceable should such
become necessary. These attributes enhance the
attractiveness of the gun from a commercial stand-
point.

The silicon carbide sheet preferably has a cen-
frally disposed high voltage terminal region remote
from the edge thereof for establishing an electrical-
ly resistive current flow path through the sheet be-
tween the central terminal region whereat high volt-
age is supplied and the peripheral edge whereat co-
rona charging of the powder particles occurs from
the many silicon carbide fiber ends. This resistive
path constitutes a relatively large resistor and
functions to minimize ignition hazards due to inad-
vertent discharge of electrical energy capacitively
stored in the spray coating system of which the gun
is a major component.

In another preferred embodiment, the circumfer-
entially spaced electrode elements around the de-
flector perimeter are in the form of discrete, fixed
electrodes in the form of electrically conductive
needles or wires which project radially outwardly
from the perimeter of the deflector. Each of the dis-
crete electrodes is connected to a high voltage
source via a discrete resistor embodied in the de-
flector. If desired the radially disposed electrodes
can be made flush with the deflector periphery in
lieu of projecting outwardly therefrom, thereby re-
ducing the likelihood of electrode damage.

In a further, and also preferred, embodiment, the
deflector is provided with a relatively narrow silicon
carbide ribbon or thread, which function as circum-
ferentially arranged electrode elements, via dis-
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crete resistors embodied in the deflector which are
radially disposed and circumferentially spaced with-
in the deflector.

In the embodiments utilizing discreet resistors em-
bodied in the deflector to interconnect the high volt-
age source and the circumferentially spaced elec-
trode elements on the deflector periphery, the re-
sistors function to minimize ignition hazards due to
inadvertent electrical energy discharges, thereby
enhancing the safety of the gun.

Advantageously, the nozzie located at the for-
ward end of the non-conductive gun barrel is pro-
vided with an electrostatic shield. The shield is dis-
posed outwardly and rearwardly of the perimeter of
the deflector whereat the corona charging points
are located which electrostatically charge the de-
flected powder stream as it passes through the an-
nular opening between the nozzle and the conically-
shaped deflector which is radially disposed in the
powder flow path. In a preferred form, the electro-
static shield is formed by flaring the end of the noz-
zZle in the region surrounding the forward end of the
conical deflector, particularly the perimeter thereof
from which extend the corona charging points. In
practice the electrostatic shield has been found to
significantly improve the transfer efficiency when
compared to a similarly-constructed spray device
which does not have the electrostatic shield.

By way of background, and as an aid to under-
standing how the electrostatic shield enhances
transfer efficiency, in a typical electrostatic spray
gun of the fype having an electrically-grounded
handle or mounting member, the corona zone proxi-
mate the periphery of the deflector is approximately
midway between the grounded gun handle or mount-
ing member which is located rearwardly thereof and
the electrically-grounded object being coated which
is located forwardly thereof. By way of example, the
distance between the grounded object being coated
and the corona charging zone is approximately ten
inches, which is approximately the same as the dis-
tance between the corona zone at the gun nozzle
and the rearwardly-located electrically-grounded
gun handle or mounting member. Without the electro-
static shielding cutboard and behind the corona
charging zone proximate the periphery of the de-
flector, the electrically-charged coating particles
issuing from the gun nozzle are as close o the
grounded article being coated as is the grounded
gun handle or mounting member, with the result that
some charged particles are electrostatically attract-
ed to the grounded gun handle or mounting member,
impairing the efficiency of the coating transfer
process.

In addition, because the gun handle, or mounting
hardware, provides an atiraction {o some of the
charged particles, a corona current path is set up
between the deflector and the grounded handle
which causes the available electrical energy for
charging at the deflector to be reduced by parasitic
discharge. This reduction in available charging en-
ergy at the deflector, results in a corresponding re-
duction in transfer efficiency. Therefore, by inclu-
sion of the electrostatic shield of this invention, the
effect of the electrically-grounded gun handle or
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mount in terms of atiracting -electrostatically-
charged particles and of providing a parasitic cur-
rent leakage path is substantially reduced, with the
result that transfer efficiency is significantly in-
creased. This is a substantial improvement in trans-
fer efficiency in comparison to the result if the elec-
trostatic shielding in the nozzle surrounding the de-
flector periphery is omitted.

The electrostatic shield can be used advanta-
geously with guns, manual or automatic, which are
designed to spray coating particles of either the at-
omized liquid or powder type.

In still other embodiments, the multi-point elec-
trode may be in the form of a disc with a sawtooth
perimeter. The entire disc may be fabricated of re-
sistive, semiconductive or conductive material. Al-
ternatively, the disc may be of a composite con-
struction with an inner circular section, and an out-
er annular section with teeth at the periphery. The
inner and/or outer sections may be conductive, re-
sistive, or semiconductive solid sheet, fibrous or
mesh material. in lieu of the inner circular section, a
series of electrical wires connected to the annular
section may be used to transport high voltage to the
toothed periphery thereof.

In another form, the multi-point electrode may be
a disc-shaped mesh of conductive, semiconduc-
tive, or resistive wire, or nonconductive wire hav-
ing a cladding of conductive, semiconductive, or re-
sistive material.

In another embodiment, useful in a powder gun
having a deflector, the deflector is fabricated of in-
jection molded material containing silicon carbide or
other resistive fibers, particularly at the perimeter
thereof, which function as multi-point electrodes.
The deflector may also include semiconductive, re-
sistive, or conductive material to transport the high
voltage to the silicon carbide fibers at the deflector
perimeter. Instead of silicon carbide fibers at the
periphery of the deflector, a multi-point electrode
could be provided by mounting a large number of
electrodes in the deflector perimeter to function as
multiple electrodes.

in any of the aforementioned embodiments, it is
desirable to provide resistance sufficiently close to
the multiple electrodes and in sufficient amount to
avoid unsafe electrical discharges should electrical
energy capacitively stored in the gun suddenly be-
come discharged by the approach of a grounded ar-
ticle to the multi-point electrode.

The multi-point electrode aspect while described
in connection with a powder gun having a deflector,
is also useful in atomized liquid spray devices. In
such devices the multi-point electrode is mounted in
the nozzle region proximate the path of atomized lig-
uid particles being emitted from the nozzle toward
the article to be coated in much the same manner
that the multi-point electrode is mounted in the de-
flector of a powder gun proximate the path of the
emitted powder particles.

The invention will now be further described by
way of example with reference to the accompanying
drawings in which:—

Figure 1 a side elevation, partly in cross section,
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depicting the principal components of one embodi-
ment of an electrostatic powder spray gun incorpo-
rating the invention;

Figure 2 is an enlarged side elevation in cross
section, showing the forward end of the powder gun
of Figure 1, including the nozzle, deflector, and pow-
der-charging electrode.

Figure 3 is a cross section along line 3-3 of Fig-
ure 1.

Figure 4 is a front elevation, of the nozzle of the
gun of Figure 1, depicting the deflector partially cut-
away to show the resistive fibrous sheet.

Figure 5 is a front elevation of a deflector, incor-
porating radially outwardly projecting electrodes
and discrete resistors, of another embodiment of
the invention.

Figure 6 is a side elevation of the deflector of
Figure 5.

Figure 7 is a front elevation of a deflector, incor-
porating a silicon carbide ribbon or thread in the rim
thereof and discrete resistors, of a still further em-
bodiment of the invention.

Figure 8 is a side elevation of the deflector of
Figure 7.

Figure 9 is a front elevation of a multi-point elec-
trode in the form of a sawtooth-edged disc of uni-
form construction throughout.

Figure 10 is a front elevation of a multi-point elec-
trode in the form of a sawtooth-edged disc of com-
posite construction.

Figure 11 is a front elevation of a multi-point elec-
trode in the form of a composite disc having an out-
er annular fabric, mesh or screen section and an in-
ner solid circular section.

Figure 12 is a front perspective view of the bar-
rel of a spray device having a circular spray pat-
tern, which uses a multi-point electrode to charge
the coating particles.

Figure 13 is a front perspective view of the bar-
rel of a spray device having a flat spray pattern,
which uses a multi-point electrode to charge the
coating particles.

With reference to the figures, one preferred
form of electrostatic spray gun is depicted. in the
preferred embodiment the spray device 10 is in the
form of a gun having an electrically grounded con-
ductive handle 11 and a nonconductive or insulative
barrel 12 which at its forward end terminates in a
flared nozzle 14 having a central flared opening 15
from which projects a combined powder deflector
and electrode charging assembly 16. Except for the
assembly 16, the preferred embodiment of the spray
gun can be constructed in accordance with the
teachings of pending United States patent applica-
tion Serial No. 681,501, filed December 13, 1984, en-
titled "Improved Powder Spray Gun", in the name of
Thomas E. Hollstein, David E. O'Ryan, and Joseph
C. Waryu, assigned to the assignee of the present
application. The entire disclosure of application Se-
rial No. 681,501 is incorporated herein by reference.

The barrel 12 includes an internal powder entry
chamber 17 which at its rearward end communicates
with a powder-entrained pressurized air supply
hose 13a via a port 13 in the barrel wall. The internal
powder entry chamber 17 at its forward end commu-
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nicates with the nozzle opening 15 via a tapered
bore 19 and intermediate chamber 21. A nonconduc-
tive mounting stub 22 for the deflector and elec-
trode assembly 16 extends axially and forwardly
from a nonconductive spider 25 located within the
intermediate chamber 21. Extending axially and rear-
wardly from the spider 25 is an electrically insulated
conductive path 29 incorporating a conductor 76 (to
be described) which extends through a stepped di-
ameter bore 30a and 30b where it makes an appro-
priate connection with an insulated high voitage sup-
ply cable 26 which passes through the handle 11 exit-
ing the butt thereof at 24 where it connects to a
remote high voltage electrostatic power supply (not
shown).

The handle 11 is provided with a movable trigger
34 which when activated supplies pressurized pow-
der-entrained air to the powder entry chamber 17
via hose 13a. Trigger 34 also energizes the remote
high voltage supply to provide high voltage electro-
static power to an electrical conductor 70 (later de-
scribed) which is axially disposed within the powder
deflector 16. The conductor 70 is connected to the
high voltage supply by high voltage cable 24, 26
and the electrically insulated conductive path 29
which passes through the mounting stub 22 and spi-
der 25. The powder-entrained air passes under
pressure from the entry chamber 17 successively
through the tapered bore 19 and intermediate cham-
ber 21 to the flared nozzle opening 15 whereat it is di-
verted into a conical path and electrostatically
charged by the electrode, to be described, incorpo-
rated in the powder deflector and electrode charg-
ing assembly 16. The powder exits the nozzle open-
ing in a generally conical pattern of electrostatically
charged particles for impingement upon an electri-
cally grounded article (not shown) to be coated.

The powder deflector and electrode charging as-
sembly 16, considered in more detail in connection
with Fig. 2, is generally conical in shape having a
circular flat front surface 40 and a conical rear
surface 42. Front surface 40 could also be convex
or concave, if desired. A resistive sheet electrode
in the form of a circular wafer or disc 44 is located
in a boundary region between the front and rear
surfaces 40 and 42. The edge 46 of the resistive
electrode sheet or disc 44 is preferably flush with
the edges 40’ and 42’ of the front and rear surfac-
es 40 and 42.

in a preferred form, the powder deflector and
electrode charging assembly 16 is a composite or
sandwich assembly which includes the intermediate
resistive electrode disc 44, a circular insulating
disc 40a having a diameter equal to that of the re-
sistive electrode disc 44, and a conical insulating
section 42a the rearward surface of which consti-
tutes the powder deflecting conical surface 42. The
conical section 42a, resistive electrode disc 44,
and disc 40a can be permanently assembled to form
an integral unit utilizing commercially available adhe-
sives. Alternatively, the resistive sheet could be
molded into the deflector.

In a preferred form the resistive electrode disc '

44 is fabricated of nonwoven silicon carbide fabric
embodying randomly oriented silicon carbide fibers
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or filaments in a resin matrix. The silicon carbide fib-
ers of filaments from which the fabric is made have
the physical and electrical characteristics of Ni-
calon fiber of the general type disclosed in United
States Patent No. 4 100 233 and commercially avail-
able from Nippon Carbon Co., Ltd., Tokyo, Japan,
and Dow Corning, Midland, Michigan. In a pre-
ferred embodiment the silicon carbide fibers are
heat treated to provide a specific resistivity of 1 X
103 ohm-cm., and a fiber diameter in the approximate
range of 10-15 microns. The entire disclosure of
U.S. Patent 4 100 233, as well as the following publi-
cations of Nippon Carbon Co., Lid., Tokyo, Japan,
available from Dow Corning, Midland, Michigan,
are incorporated herein by reference:

Nicalon Silicon Carbide Fiber, 12 pages; Price
Listing Effective 1-1-84, Nicalon Silicon Carbide
Fiber Products Distributed by Dow Corning Corpo-
ration, 2 pages; and Industrialization of Silicon Car-
bide Fiber and Its Applications, by Jun-ishi Tanaka,
Executive Director, Nippon Carbon Co., Lid.,, 11
pages.

Nicalon continuous silicon carbide fiber, in one
commercially available form, is physically charac-
terized as follows:

Filament Diameter: 10-15 microns,

Cross Section: round

Density: 0.083 pounds/inch® (2.55 g/em3),
Tensile Strength: 360-470- ksi

(250-300 kg/mm2),

Tensile Modulus: 26-29 X 108 ksi

(18-20 X 103 kg/mm23), and

Coefficient of Thermal Expansion

(parallel to fiber) : 3.1 X 10-6/°C.

The specific resistivity of Nicalon silicon carbide
fiber which is uniform throughout the fiber and inde-
pendent of fiber flexure, can be varied by heat
treating the fiber at different temperatures subse-
quent to spinning. The variation in specific resistivi-
ty as a function of heat treating temperature can
vary by a factor of approximately 104 from approxi-
mately 102 ohm-cm to 106 ohm-cm.

The Nicalon continuous silicon carbide fibers can
be formed into woven fabric, as well as nonwoven
fabric of random fiber orientation. In addition, the
resistive silicon carbide disc 44 can be fabricated
of resin impregnated Nicalon fabric composite,
glass Nicalon fabric composite, and/or Nicalon fib-
ers in a ceramic matrix.

The insulative front disc 40a and insulative coni-
cal deflector 42a can be fabricated of a variety of
nonconductive materials including glass-filed Te-
fion plastic, Delrin plastic, and the like.

The deflector/electrode assembly 16 is mounted
to the stub 22 by the axial engagement of a reduced
diameter section 22a at the forward end of the
mounting stub 22 and a blind hole or bore 64 formed
in the rear central portion of the conical deflector
42a, The bore 64 and reduced diameter end 22a of
the stub 22 are dimensioned to provide a snug slid-
ing fit therebetween.

As noted previously, electrostatic energy is
transmitted from a remote power supply (not shown}
to the resistive charging disc 44 via the cable 24,
26 and the electrically insulated resistorized con-
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ductive path 29. Conductive path 29 includes an
electrical conductor (or electrode) 70 which
projects axially from the end of the mounting stub 22
into a suitably provided axial passage in the conical
deflector section 42a to establish electrical contact
with the resistive disc 44. The conductor 70 is con-
nected to the electrically conductive core of the ca-
ble 26 via a resistor 75 and electrical conductor 76
which constitute further elements of conductive
path 28, and which are in electrical series circuit ar-
rangement between the conductor 70 and the con-
ductive core of the high voliage cable 26.

In operation, when the trigger 34 is activated,
powder-entrained pressurized air is introduced into
the internal powder entry chamber 17 via the hose
13a whereupon it flows through the tapered bore 19
into the intermediate chamber 21 where it passes
through the spider 25 and impinges on the rear sur-
face 42 of the conical deflector 42a which causes
the path of the powder to deflect and form a conical
path as it exits the flared opening 15 of the nozzle 14
toward the article or target substrate to be coated
(not shown). Activation of the trigger 34 also ener-
gizes a remote power supply (not shown) to cause
high voltage electrostatic energy to be supplied to
the resistive charging disc 44 via the electrical
path previously described. With the resistive
charging disc 44 maintained at a high electrostatic
voltage, such as 90 kV, a corona discharge is pro-
duced at the multitude of resistive material fiber
ends 46a located around the perimeter 46 of the re-
sistive charging disc 44, causing electrostatic
charge to be imparted to the stream of powder as it
exits the flared opening 15 of nozzle 14 subsequent
to deflection by the rear concial deflecting surface
42.

Experience has shown that higher coating trans-
fer efficiencies can be achieved with the electro-
static spray coating gun. In practice, the number of
corona points, as well as their precise location
around the periphery 46 of the resistive charging
disc 44, is somewhat variable. At no load voltages
of 90 kV with a charging disc 44 having a diameter
of approximately 1V2 inches and a thickness of ap-
proximately 0.65 mm, anywhere between three and
eight corona points have been observed to simulta-
neously occur at peripheral locations which are con-
tinuously changing on a more or less random basis.

Contributing in a material manner to transfer effi-
ciency enhancement provided by the preferred em-
bodiment depicted in Figures 1—4, as well as the oth-
er embodiments herein described in more detait
hereafter, is the flared configuration of the nozzle
14 relative to the corona charging zone located
proximate the edge 46 of the resistive electrode
sheet 44. More particularly, the nonconductive,
flared outer portion of the nozzle 14, which is locat-
ed outwardly and rearwardly of the corona charging
zone proximate perimeter 46, functions as an elec-
trostatic shield which effectively shields electro-
statically-charged coating particles at the exit end
of the nozzie from the electrically grounded handle
11, reducing the tendency of a parasitic leakage cur-
rent to be set up between the deflector and the han-
dle 11. Were the shielding omitted, the grounded han-
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dle 11 would tend to electrostatically attract the
charged coating particles, setting up an undesirable
leakage current, and thereby reducing the charging
energy available at the deflector and the transfer
efficiency. This is particularly true in view of the
fact that the grounded handle is typically located at
approximately the same distance from the corona
charging zone, albeit rearwardly thereof, as the ob-
ject being coated which is electrically grounded and
located forwardly of the gun nozzle. Tests have
shown that removal of the portion of the flared noz-
zle 14 located radially beyond the perimeter 46 of
the deflector, which in turn eliminates the electro-
static shielding between the deflector perimeter and
the electrically-grounded handie 11, significantly re-
duces the transfer efficiency. _

While in the embodiment shown in Figures 1-4, the
forward extremity or lip 14a of the nozzle 14 is locat-
ed slightly rearwardly relative to the edge 46 of the
resistive electrode sheet 44, the position of the lip
14a relative to the electrode sheet edge 46 can be
varied, such as by locating the flared nozzle mouth
or lip 14a radially opposite the electrode sheet edge
46a or forwardly thereof (leftwardly as viewed in
Figure 2). Regardless of the exact location of flared
nozzle mouth or lip 14a relative to the edge 46 of the
resistive sheet 44, at least a portion of the noncon-
ductive flared nozzle 14a must be located radially
outwardly and rearwardly of the corona charging
zone proximate edge 46 of resistive sheet 44 such
that electrostatic shielding is provided between the
electrostatic charging corona zone and the electri-
cally-grounded handle 11.

In the preferred embodiment, the electrostatic
shield is described in connection with its use in a
powder gun. As noted, it can also be used to advan-
tage in a liquid coating gun wherein charged atom-
ized paint particles are proximate the gun nozzle.

Because of the resistive nature of the charging
disc 44, the electrostatic spray gun of this inven-
tion has been found to prevent ignition when sub-
jected to standard ignition tests performed by Nord-
son Corporation, assignee of the present applica-
tion. In practice, the disc 44 provides a resistance
of 1.0 Megohm - 1.5 Megohm when measured be-
tween the center which contacts conductor 70 and
the periphery 46.

The composite or sandwich construction of the
combined powder deflector and electrode charging
assembly 16 is extremely durable and inexpensive,
and yet is very effective both as a deflector and as
an electrostatic charging electrode configuration.

If desired, the charging disc can be mounted on
the front surface 40, such that it faces forward
and is exposed, rather than be sandwiched between
member 40a and 42a. However, the sandwich con-
struction is preferred.

In the embodiment of Figures 1-4, as described,
the deflector 16 is principally fabricated of insula-
tive sections 40a and 42a. If desired, the deflector
could be fabricated of resistive or semiconductive
material, or possibly even conductive material, pro-
viding the multi-point electrode is located at the pe-
riphery thereof. With such a construction, suitable
resistance is preferably provided in series with the
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multi-point electrode to avoid unsafe electrical dis-
charges of electrical energy stored in the gun
should the multi-point electrode be accidentally
grounded.

In accordance with the embodiment depicted in
Figures 5 and 6, only the deflector assembly of
which is shown, the nonconductive deflector 100 is
seen o have the same general overall shape as the
deflector of the embodiment of Figures 1-4. More
particularly, the deflector 100 has a rear surface
102 against which the particle-entrained air stream
is directed in a generally axial (horizontally as
viewed in Figure 6) direction as it exits from the noz-
zle of the gun in a forward (leftwardly as viewed in
Figure 6) direction. The deflector 100 also includes
a generally circular flat front surface 104, which if
desired could be either concave or convex. Embod-
jed in the deflector 100 and projecting radially out-
wardly from the periphery 106 thereof in a direction
transverse to the deflected path of the powder
stream are a plurality of electrode elements 108, for
example, in the form of electrically conductive wires
or needles. The electrode elements 108, of which
there are six shown in the preferred embodiment of
Figures 5 and 6, although a lesser or greater
number can be used, are circumferentially spaced
at substantially equal intervals around the periph-
ery 106 of the deflector. Resistive circuit paths in
the form of discrete radially disposed resistors 112
interconnecting each of the electrodes 108 to a cen-
tral, axially disposed electrical conductor 110 which
connects to a remote high voltage source (not
shown). The resistors 112, which are incerporated in
the body of the deflector between front and rear
surfaces 104 and 102, have a resistance, in the
presently preferred embodiment, of, for example, 10
Megohms, although other resistance values may be
used, if desired. In accordance with a variant of the
embodiment actually shown in Figures 5 and 6, the
radially projecting electrodes 108 could be made
flush with the perimeter 106 of the deflector 100,
thereby avoiding the possibility of damage to the
electrodes.

In accordance with a still further preferred em-
bodiment depicted in Figures 7 and 8, of which only
the deflector assembly is shown, as electrostatic
spray gun is provided in which the nonconductive
deflector 130 is seen to have the same overall con-
figuration as the deflector 100 shown in the embodi-
ment of Figures 5 and 6. More particularly, defiec-
tor 130 includes a front surface 134, a rear surface
132, and a perimeter 136. Like the deflector shown in
Figures 5 and 6, the deflector 130 shown in Figures
7 and 8 incorporates in its body a plurality of resis-
tive circuit paths in the form of radially disposed
discrete resistors 142 which at their inner end have
leads 142b which are connected in common to an axi-
ally disposed electrical conductor 144 which in turn
is connected to a remote high voltage source (not
shown). The radially outward ends of resistors 142
have leads 142a which terminate in a circumferential
groove 148 formed in the periphery 136 of the de-
flector 130. Located in the groove 148 is a circum-
ferentially-disposed silicon carbide thread or nar-
row ribbon 150. The radially outboard ends of resis-

10

15

20

25

30

35

40

45

50

55

60

65

tor leads 142a are electrically connected with their
respectively proximately located segments 130a of
the silicon carbide thread 150. If desired, a resis-
tive material other than silicon carbide can be used
for the peripherally located ribbon or thread 150.

In the embodiment of Figures 5 and 6, corona
charging takes place at the radially outboard ends
of the electrodes 108 past which the powder passes
on its path toward the object to be coated. In the
variant of the embodiment shown in Figures 5 and 6,
wherein the electrodes 108 are flush with the perime-
ter 106 of the deflector 100, corona occurs at the
point where the electrode joins the periphery 106 of
the deflector.

in the embodiment shown in Figures 7 and 8,
wherein a silicon carbide thread or ribbon is used,
corona occurs at random locations around the sur-
face of the thread 150. If the thread 150 is fabricat-
ed of intertwined fibers of short length relative to
the circumference of the deflector perimeter 106,
corona will most probably occur where the fibers
terminate since the ends thereof 150a (see Figure 8)
function as electrodes to form corona charging
points. If the siicon carbide thread does not contain
short lengths of fiber with plural randomly located
ends, corona will occur at randomly located points
around the periphery of the silicon carbide thread
150, the location of which points will change more or
less continuously.

in the embodiment of Figures 7 and 8, the thread
150 in deflector groove 148 is effectively a continu-
ous circular electrode comprised of six arcuate
electrode elements or segments which are intercon-
nected end-to-end. The continuous circular elec-
trode 130 functions in a manner analagous to that of
the periphery 46 of the disc-shaped resistive sheet
44 of Figures 1-4 which, in effect, at its periphery
is also a continuous circular electrode comprising
plural peripheral arcuate electrode elements or seg-
ments connected end-to-end.

Instead of the silicon carbide resistive fabric 44
shown in Figures 1-4, the muiti-point electrode can
take the form of a sawtooth edge 200 on the periph-
ery of a disc 202, as shown in Figure S. The disc
may be fabricated of the same material throughout,
such as a resistive, semiconductive, or conductive
material. Alternatively, the disc 202' may be a com-
posite having an annular outer section 203 with
teeth 200' at the periphery, and an inner circular
section 205, as shown in Figure 10. The inner sec-
tion 205 and/or the outer section 203 may be resis-
tive, semiconductive, or conductive.

Alternatively, disc 44, instead of being entirely
of silicon carbide fabric, or other resistive material,
as shown in Figure 4, could be of composite con-
struction as shown in Figure 11. More particularly,
the resistive fabric 210 could be annular shaped,
with the remainder of the disc 211 comprising an in-
ner circular disc 212 of resistive, conductive, or
semiconductive solid sheeting.

Also, instead of constructing the multi-point elec-
trode of resistive fabric, as shown in Figure 4,
such as silicon carbide fabric, the electrode could
be constructed of screen or mesh, with the strands
thereof being resistive, conductive, or semiconduc-
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tive wire or nonconductive wire clad with resistive,
conductive, or semiconductive material.

Figure 12 depicts an insulative gun barrel 230
having a longitudinal circular cross-sectional bore
231 terminating in an opening 232 in face 233 from
which is emitted coating particles. Located coaxially
within the bore 231 is an insulative column 234, at
the outer end of which a multi-point electrode 235 is
mounted. Electrode 235 may alternatively be con-
structed like any of the electrode configurations or
structures shown in Figures 4-11. In the Fig. 12 em-
bodiment, like Figs. 4-11, electrode 235 has a periph-
eral edge 235 which includes multiple electrodes
projecting therefrom. The electrode 235 connects
to a source of electrostatic voltage via an electrical
conductor (not shown) located with column 234. The
device of Figure 12 provides a circular spray pat-
tern.

Figure 13 depicts an insulative barrel 240 having
an upper rectangular cross-sectional longitudinal
bore 241 and a lower rectangular cross-sectional
longitudinal bore 242 separated by an insulative {on-
gitudinal column 243. Mounted on the outer end of
column 243 is an electrode 244 having an upper
multi-point electrode edge 244 and a lower multi-
point electrode edge 245 for charging coating parti-
cles emitted from upper and lower bores 243 and
242, respectively. Electrode 244 is constructed
similarly to electrode 235 of Figure 12. The elec-
trode 244 connects to a high voltage supply via an
electrical conductor (not shown) within column 243,
The embodiment of Figure 13 provides a flat fan-
shaped spray pattern.

The embodiments of Figures 5-13, like the embodi-
ment of Figures 1-4, provide improved transfer ef-
ficiency due to the multi-point electrode configura-
tion, and constitutes electrode assemblies which
are inexpensive and simple in construction.

Claims

1. An electrostatic spray coating apparatus com-
prising a particle spray device having an opening
therein from which a stream of particles is sprayed
in a path in a forward direction toward an article to
be electrostatically coated and a multipoint elec-
trode comprising a substantial number of closely
spaced electrode elements located immediately prox-
imate but not extending significantly into the opening
through which the particle stream passes to be elec-
trostatically charged in its path toward the article to
be coated, the electrode elements being connect-
able to an electrostatic voltage source for estab-
lishing a plurality of corona charging points to en-
hance transfer efficiency characterised in that a
particle deflector (42a, 100) constructed of electri-
cally non-conducive material is located in the parti-
cle path for deflecting the particle stream, the de-
flector having a surface (42, 102) upon which the
particle stream impinges and as a result thereof be-
comes deflected, the plurality of electrode elements
(46a, 108) being located proximate the deflector sur-
face (42, 106) past which the deflected particle
stream passes to be electrostatically charged in its
path toward the article to be coated.
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2. Apparatus as claimed in claim 1 including an
electrical terminal (44, 110) which is connectable to
the source of high voltage, the terminal being re-
motely located relative to the plurality of electrode
elements (46a, 108).

3. Apparatus as claimed in claim 2 wherein a plu-
rality of resistive circuits (44, 112) are incorporated
in the deflector (42a, 100) and are connected be-
tween the terminal and a different one of the plurali-
ty of electrode elements (56a, 108), the resistive
paths facilitating both energisation of the electrode
elements when the terminal is connected to a high
voltage source and minimising shock and ignition
hazards due to inadvertent discharge of electrical
energy capacitively stored in the apparatus.

4, Apparatus as claimed in claim 3 wherein the re-
sistive circuit paths each comprises a discrete re-
sistor (112).

5. Apparatus as claimed in any preceding claim
wherein the multipoint electrode includes a resistive
sheet (44) having a peripheral edge (46) defining
the said substantial number of closely spaced elec-
trode points (46a).

6. Apparatus as claimed in claim 5 where the re-
sistive sheet electrode consists substantially of sili-
con carbide filaments (46a).

7. Apparatus as claimed in either claim 5 or 6
when dependent on claims 2 to 4 wherein the electri-
cal terminal comprises a high voltage region of the
resistive sheet electrodes located remotely from
the periphery, an electrically resistive current path
being established from the terminal through the re-
sistive sheet electrode to the periphery for minimis-
ing shock and ignition hazards due to inadvertent
discharge of electrical energy capacitively stored
in the system.

8. Apparatus as claimed in any one of claims 1 o
4 wherein the multipoint electrode includes a semi-
conductive sheet having a peripheral edge defining
the said substantial number of closely spaced elec-
trode points.

9. Apparatus as claimed in any preceding claim
wherein the spray device includes:

a) an electrically non conductive barrel (12) hav-
ing a nozzle (14) in which the particle spraying
opening is located and
b) a rear section located remote from the nozzle
and an electrostatic shield (14a) extending lateral-
ly beyond and rearwardly of the electrode (44) to
electrostatically shield electrostatically charged
particles in the region of the nozzle from sources
of electrostatic potential different from that of
the electrode located rearwardly and/or laterally
of the electrode periphery.

10. Apparatus as claimed in claim 9 wherein the
electrostatic shield (14a) is incorporated in the noz-
zle (14).

Patentanspriiche

1. Elektrostatische Spritzbeschichtungseinrich-
tung mit einer Teilchenspritzvorrichtung mit einer
Offnung darin, aus der ein Teilchenstrom auf einem
nach vorne gerichteten Weg auf einen elektrosta-
tisch zu beschichtenden Gegenstand zu gespritzt

ey
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wird, und einer mehrspitzigen Elekirode mit einer
wesentlichen Anzahl eng beabstandeter Elektro-
denelemente, die sich direkt in der Nahe der Oﬁ
" nung befinden, sich aber nicht wesentiich in die Off-
nung erstrecken, die der Teilchenstrom durchlautt,
um auf seinem Weg zu dem zu beschichtenden Ge-
genstand elekirostatisch aufgeladen zu werden,
wobei die Elekirodenelemente mit einer elekirostati-
schen Spannungsquelle verbindbar sind, um zur
Verbesserung zur  Ubertragungsleistung  eine
Mehrzahl von Coronaladungspunkten herzustel-
len, dadurch gekennzeichnet, daB sich auf dem Teil-
chenweg ein aus elektrisch nichtleitendem Material
konstruierter Teilchenablenker (42a, 100) zum Ab-
lenken des Teilchenstromes befindet, wobei der Ab-
lenker eine Oberflache (42, 102) besitzt, auf die der
Teilchenstrom auftrifft und infolgedessen abge-
lenkt wird, wobei die Mehrzahl von Elekirodenele-
menten (46a, 108) in der N&he der Ablenkeroberfla-
che (42, 1086) liegen, an der der abgelenkte Teil-
chenstrom vorbeilauft, um auf seinem Weg zu dem
zu beschichtenden Gegenstand elektrostatisch auf-
geladen zu werden.

2. Einrichtung nach Anspruch 1, gekennzeichnet
durch einen mit der Hochspannungsquelle verbind-
baren elektrischen Anschiufl (44, 110), der in bezug
auf die Mehrzahl von Elektrodenelementen (46a,
108) entfernt liegt.

3. Einrichtung nach Anspruch 2, dadurch ge-
kennzeichnet, daB im Ablenker (42a, 100) eine
Mehrzahl von Widerstandskreisen (44, 112) einge-
baut und zwischen dem Anschluff und einem unter-
schiedlichen der Mehrzahl von Elekirodenelemen-
ten (56a, 108) angeschlossen sind, wobei die Wider-
standswege sowoh! die Erregung der
Elekirodenelemente bei Verbinden des Anschius-
ses mit einer Hochspannungsquelle erleichtern als
auch Schock- und Zindungsgefahren auf Grund
unbeabsichtigter Entladung von kapazitiv in der
Einrichtung gespeicherter elektrischer Energie mi-
nimalisieren.

4. Einrichtung nach Anspruch 3, dadurch ge-
kennzeichnet, daR die Widerstandskreiswege je-
weils einen diskreten Widerstand (112) umfassen.

5. Einrichtung nach einem der vorhergehenden
Anspriiche, dadurch gekennzeichnet, daB die
mehrspitzige Elektrode eine Widerstandsplatte (44)
mit einer die besagte wesentliche Anzah! eng beab-
standeter Elektrodenspitzen (46a) definierenden
Umfangskante (46) umfaBt.

6. Einrichtung nach Anspruch 5, dadurch ge-
kennzeichnet, daB die Widerstandsplattenelektrode
im wesentlichen aus Siliciumcarbidfaden (46a) be-
steht.

7. Einrichtung nach Anspruch 5 oder 6 bei Ab-
hangigkeit von Anspriichen 2 bis 4, dadurch ge-
kennzeichnet, daB der elektrische AnschluB einen
entfernt vom Umfang gelegenen Hochspannungs-
bereich der Widerstandsplattenelektroden umfaBt,
wobei ein elektrisch ohmscher Stromweg vom An-
schiuB durch die Widerstandsplattenelektrode zum
Umfang hergestellt wird, um Schock- und Zin-
dungsgefahren auf Grund unbeabsichtigter Entla-
dung der kapazitiv im System gespeicherten elektri-
schen Energie zu minimalisieren.
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8. Einrichtung nach einem beliebigen der Anspri-
che 1 bis 4, dadurch gekennzeichnet, daB die
mehrspitzige Elektrode eine halbleitfahige Platte mit
einer Umfangskante enthalt, die die besagte we-
sentliche Anzahl eng beabstandeter Elektrodenspit-
zen definiert.

9. Einrichtung nach einem der vorhergehenden
Anspriiche, dadurch gekennzeichnet, daB die
Spritzvorrichtung folgendes umfaft:

a) ein elekirisch nicht leitfahiges Rohr (12) mit ei-

ner Dise (14), in der sich die Teilchenspritzoff-

nung befindet, und

b) einen von der Diise entfernt liegenden Riick-

teil und eine sich seitlich vorbei an und rlickwar-

tig der Elektrode (44) erstreckende elektrostati-
sche Abschirmung (14a) zum elekirostatischen

Abschirmen von elekirostatisch geladenen Teil-

chen im Bereich der Dise gegen Quellen eines

von dem der riickwartig und/oder seitlich des

Elektrodenumfangs befindlichen Elekirode unter-

schiedlichen elekirostatischen Potentials.

10. Einrichtung nach Anspruch 9, dadurch ge-
kennzeichnet, daB die elektrostatische Abschir-
mung (14a) in die Dise (14) eingebaut ist.

Revendications

1. Appareil de revétement par projection électro-
statique comprenant un dispositif de projection de
particules comportant un orifice & partir duquel un
flux de particules est projeté suivant un trajet dirigé
vers Pavant vers un article & revétir électrostati-
quement et une électrode multipoint comprenant un
nombre substantiel d'éléments d'électrode étroite-
ment espacés, disposés & proximité immédiate de
I'orifice mais ne s'étendant pas sensiblement dans
ce dernier par lequel le flux de particules passe en
vue d'étre chargé électrostatiquement dans son tra-
jet dirigé vers Particle & revétir, les éléments d'élec-
trode pouvant étre connectés a une source de ten-
sion électrostatique pour établir plusieurs points de
charge par effet corona en vue d'améliorer l'effica-
cité du transfert, caractérisé en ce qu'un déflec-
teur de particules (42a, 100) réalisé en un materiau
non conducteur électrique est installé dans le trajet
des particules pour dévier le flux de particules, le
déflecteur ayant une surface (42, 102) a laquelle le
flux de particules se heurte et est, par conséquent,
dévié, les divers éléments d'électrode (46a, 108)
étant disposés & proximité de la surface (42, 102) en
regard de laquelle ie flux de particules dévie passe
en vue d'étre chargé électrostatiquement dans son
trajet dirigé vers l'article a revétir.

2. Appareil suivant la revendication 1 comprenant
une borne électrique (70, 110) qui peut étre connec-
tée a la source de haute tension et qui est installée &
distance des divers éléments d'électrode (46a, 108).

3. Appareil suivant la revendication 2, dans le-
quel plusieurs circuits résistifs (44, 112) sont incor-
porés dans le réflecteur (42a, 100) et sont connec-
tés entre la borne et chaque fois un parmi les divers
éléments d’électrode (46a, 108), les trajets résistifs
facilitant l'excitation des éléments d'électrode lors-
que la borne est connectée & une source de haute
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tension et réduisant au minimum les chocs et les ris-
ques d'inflammation dus & une décharge accidentel-
le d'énergie électrique accumulée de maniére capa-
citive dans I'appareil.

4. Appareil suivant la revendication 3, dans le- 5
quel les trajets des circuits résistifs comprennent
chacun une résistance discréte (112).

5. Appareil suivant 'une quelconque des revendi-
cations précédentes, dans lequel I'électrode multi-
point comprend une feuille résistive (44) compor- 10
tant un bord périphérique (46) qui définit le nombre
substantie! de points d'électrode étroitement espa-
cés (46a).

6. Appareil suivant la revendication 5, dans le-
quel I'électrode 2 feuille résistive est constituée en 15
substance de filaments de carbure de silicium (46a).

7. Appareil suivant la revendication 5 ou 6 dépen-
dant des revendications 2 2 4, dans lequel la borne
électriqgue comprend une région & haute tension des
électrodes & feuille résistive disposées a distance 20
de la périphérie, un trajet de courant électriguement
résistif étant établi & partir de Ia borne & travers
lélectrode a feuilie résistive jusqu'a la périphérie
pour réduire au minimum les risques de choc et d'in-
flammation dus a une décharge accidentelle d'éner- 25
gie électrique accumulée de maniére capacitive
dans le systéme.

8. Appareil suivant I'une quelconque des revendi-
cations 1 & 4, dans lequel I'électrode multipoint com-
prend une feuille semi-conductrice comportant un 30
bord périphérique définissant le nombre substantiel
de points d'électrode étroitement espacés.

9. Appareil suivant 'une quelconque des revendi-
cations précédentes, dans lequel le dispositif de
projection comprend: 35

a) un fit non conducteur électrique (12) compor-

tant une buse (14) dans laquelle est situé I'orifice

de projection des particules, et

b) une section postérieure disposée a distance

de la buse et un blindage électrostatique (14a) 40

s’étendant latéralement au-dela de ['électrode

(44) et vers larriere de celle-ci pour protéger

électrostatiquement des particules électrostati-

quement chargées dans la région de la buse au

centre des sources de potentiel électrostatique 45

différentes de celles de I'électrode située en ar-

rigre et/ou latéralement de la périphérie de I'élec-

trode.

10. Appareil suivant la revendication 9, dans le-
quel le blindage électrostatique (14a) est incorporé 50
dans la buse (14).
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