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@ Improved particle spray gun.

@ An electrostatic particle spray gun having, in one
preferred embodiment, a conical deflector of insula-
tive material mounted in the nozzle in the particie
path for forming a conical particle spray pattern. A
resistive sheet connected o a high voltage electro-
static supply is sandwiched between the forward and
rearward ends of the deflector, leaving only the
N perimeter of the sheet exposed at the peripheral
region of the conical deflector. The perimeter of the
g resistive sheet functions as a multi-point circular
Qlelectrode for charging the particles such that im-
proved coating transfer efficiencies are achieved.
") Also, because of the resistive nature of the resistive
O sheet, the sheet constitutes a resistor in the elec-
trical current path between the center of the sheet
@ where it connects to a high voltage terminal and the
circular periphery of the sheet which serves as the
LL] multiple point charging electrode, thereby minimizing
unsafe electrical discharges should the elecirode
inadvertently approach a grounded object.
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1 0 203 694 2

IMPROVED PARTICLE SPRAY GUN

This invention relaies o particle spray equip-
ment and more pariicularly o a particle spray gun
for electrostatically applying coating particles to an
ariicle {o be coated.

Coating applied elecirostatically {o 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-
nigues or principles, including air impingement
atomization, airless or hydrostatic pressure atom-
ization, and/or electrostatic atomization. This inven-
tion is useful with both liquid and powder spray
coating applications. .

in the application of solid particulate coatings,
such as powdered resins, in industrial finishing
applications, 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 foward the
object 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 moun-
ted to the gun nozzle proximate to the path of the
powder coating stream. The charged particles are
then electrostatically atiracted toward the object to
be coated which is held at electrical ground poten-
tial, enhancing the efficiency with which charged
particles sprayed from the gun are deposited on
the target arficle. After the article is coaied, it is
generally conveyed through an oven where the
powder coating material is heated and fused onto
the surface of the arlicle to permanently bond it
thereio.

Elecirostatic powder spray guns fypically in-
clude a mechanical powder deflector mounted at
the nozzle end of the gun. In one preferred form
the deflector 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 defiector 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 patiem.

Electrostatic liquid spray gun systems custom-
arily include a source of pressurized liquid which
conveys the liquid coating to the gun via a hose
where it is emitied from the nozzie in a stream of
atomized particles. Atomization can be produced
by impingement of the liquid siream with air in the
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region of the nozzle, which is known as air atomiza-
tion. Alternatively, the liquid coating can be highly
pressurized such that upon exit from the nozzle
atomization results, which is termed hydrostatic or
airless atomization. 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
electrostatic spray gun, either liquid or powder, is
fo maximize the efficiency with which charged
coating particles sprayed from the gun are depos-
ited on the article being coated. This is calied the
“transfer efficiency”. It is generally believed by
those skilled in the art that transfer efficiency can
be increased by increasing the charge on the par-
ticles and/or by increasing the sirength of the elec-
trostatic field between the gun and the article being
coated.

Accordingly, it has been an objective of this
invention fo consiruct 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 fransfer efficiency. This
objective has been accomplished in accordance
with the invention by providing a particle spray
device, which has an opening from which a siream
of particles is sprayed in a forward path toward an
object to be electrostatically coated, with 2 mul-
tipoint elecirode comprising a substantial number
of closely spaced electrode elements located proxi-
mate the opening through which the particle siream
passes. Energization of the multi-point electrode
from a high voltage elecirostatic supply results in
the creation of a plurality of corona charging points
proximate the particle stream, thereby enhancing
coating fransfer efficiency.

In one preferred embodiment of a powder
spray gun, a deflector is provided in the nozzle
powder siream path which is constructed of elec-
trically nonconductive material, and which has a) a
rear surface upon which the forwardly directed
powder siream impinges and as a result thereof
becomes deflected into the desired stream configu-
ration, b) a front surface facing the forward direc-
tion, and c¢) a susbstanfial number of electrode
elements circumferentially spaced around the pe-
rimeter of the deflector which are connected to a
high voltage source via associated resistive paths
incorporated in the deflector. These electrode ele-
menis collectively funciion as a multi-point elec-
trode to provide a plurality of corona charging
points when the electrode is energized.
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In the one preferred embodiment described
above, the multi-point electrode is in the form of a
fibrous resistive sheet constructed from a material
such as silicon carbide, which is incorporated in
the deflector between the front and rear surfaces
thereof to define as its periphery, which is proxi-
mate to the deflector periphery, a large number of
radially arranged electrode elements which estab-
lish a plurality of corona charging points past which
the deflected powder siream passes to be elec-
trostatically charged as the powder particles are
sprayed from the gun. In this embodiment, in which
the substantial number of radially arranged elec-
trode elements circumferentially spaced around the
deflector periphery function to establish a piurality
of corona charging points, the resistive sheet lo-
cated radiaily inwardly 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 resistive sheet in this embodiment, other
fibrous resistive materials may also be suitable.

An important advantage of the foregoing em-
bodiment of this invention is that the peripheral
edge of the silicon carbide sheet includes the ends
of the many silicon carbide fibers forming the resis-
tive sheet and these fiber ends form a multitude of
radially arranged elecirode elements which estab-

lish a plurality of corona charging points which

charge the powder particles 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 efficiency. Another advantage is
that the deflector structure, particularly the resistive
paths and plural circumferentially-arranged elec-
frode elements, is relatively inexpensive, easy to
manufacture, and durable. It is also readily replace-
able should such become necessary. These at-
tributes enhance the attractiveness of the gun from
a commercial standpoint.

In the foregoing form of the invention, the sili-
con carbide sheet has a cenirally disposed high
voltage terminal region remote from the edge
thereof for establishing an electrically resistive cur-
rent flow path through the sheet between the cen-
tral terminal region whereat high voltage is supplied
and the peripheral edge whersat corona charging
of the powder particles occurs from the many sili-
con carbide fiber ends. This resistive path con-
stitutes a relatively large resistor and functions to
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minimize ignition hazards due to inadvertent di-
scharge of electrical energy capacitively stored in
the spray coating system of which the gun is a
major component.

In another preferred embodiment of this inven-

tion, the circumferentially spaced electrode ele-

ments around the deflector perimeter are in the
form of discrete, fixed electrodes in the form of
electrically conductive needles or wires which pro-
ject radially outwardly from the perimeter of the
deflector. Each of the discrete electrodes is con-
nected to a high voltage source via a discrete
resistor embodied in the deflector. If desired, the
radially disposed electrodes can be made flush
with the deflector periphery in lisu of projecting
outwardly therefrom, thereby reducing the likeli-
hood of electrode damage.

In accordance with a still further, and also
preferred, embodiment of the invention, the deflec-
tor is provided with a relatively narrow silicon car-
bide ribbon or thread, which function as circum-
ferentially arranged electrode elements, via dis-
creet resistors embodied in the deflector which are
radially disposed and circumferentially spaced
within the deflector.

in the embodiments of the invention utilizing
discreet resistors embodied in the deflector to in-
terconnect the high voltage source and the circum-
ferentially spaced electrode elements on the de-
flector periphery, the resistors function to minimize
ignition hazards due to inadvertent electrical en-
ergy discharges, thereby enhancing the safety of
the gun.

In accordance with a further aspect of the
invention which can be advantageously incorpo-
rated into each of the foregoing embodiments, the
nozzie located at the forward end of the noncon-
ductive gun barrel is provided with an electrostatic
shield. The shield is disposed outwardly and rear-
wardly of the perimeter of the defiector whereat the
corona charging points are located which elec-
trostatically charge the deflected powder stream as
it passes through the annular opening between the
nozzle and the conically-shaped deflector which is
axially disposed in the powder flow path. In a
preferred form, the electrostatic shield is formed by
flaring the end of the nozzle in the region surround-
ing the forward end of the conical defiector, par-
ticularly the perimeter thereof, from which extend
the corona charging points. In practice, the electro-
static shield has been found to significantly im-
prove the transfer efficiency when compared to a
similarly-constructed spray device which does not
have the electrostatic shield.
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By way of background, and as an aid to under-
standing how the electrostatic shield of this inven-
tion enhances transfer efficiency, in a typical elec-
trostatic spray gun of the {fype having an
electrically-grounded handle or mounting member,
the corona zone proximate the periphery of the
deflecior is approximately midway between the
grounded gun handle or mounting member which
is located rearwardly thereof and the electrically-
grounded object being coaied 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 distance
between the corona zone at the gun nozzle and the
rearwardly-located electrically-grounded gun han-
dle or mounting member. Without the electrostatic
shielding outboard and behind the corona charging
zone proximate the periphery of the deflector, the
electrically-charged coating particles issuing from
the gun nozzle are as close to the grounded article
being coated as is the grounded gun handle or
mounting member, with the result that some
charged particles are electrostat ically atfracted to
the grounded gun handle or mouniing member,
impairing the efficiency of the coating transfer pro-
cess.

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

The electrostatic shield can be used advanta-
geously with guns, manual or automatic, which are
designed fo spray coaling particles of either the
atomized liquid or powder type.

In accordance with still other embodiments of
the invention, the multi-point elecirode may be in
the form of a disc with a sawtooth perimeter. The
entire disc may be fabricated of resistive, semicon-
ductive or conductive material. Aliernatively, the
disc may be of a composite construction with an
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inner circular section, and an outer annular section
with teeth at the periphery. The inner and/or outer
sections may be conductive, resistive, or semicon-
ductive solid sheet, fibrous or mesh material. In lieu
of the inner circular section, a series of electrical
wires connected fo the annular section may be
used to transport high voltage to the toothed pe-
riphery thereof.

In another form, the mulli-point electrode may
be a disc-shaped mesh of conductive, semiconduc-
tive, or resistive wire, or nonconductive wire having
a cladding of conductive, semiconductive, or resis-
tive material.

In another embodiment, useful in a powder gun
having a deflector, the deflector is fabricaied of
injection molded material containing silicon carbide
or other resistive fibers, particularly at the perim-
eter thereof, which function as multi-point elec-
frodes. The deflector may also include semicon-
ductive, resistive, or conductive material to trans-
port the high voltage to the silicon carbide fibers at
the deflector perimeter. Instead of silicon carbide
fibers at the periphery of the deflector, a mulii-point
electrode could be provided by mounting a large
number of electrodes in the deflector perimeter io
function as mulfiple elecirodes.

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 elec-
trical energy capacitively stored in the gun sud-
denly become discharged by the approach of a
grounded article to the multipoint electrode.

The multi-point elecirode aspect of this inven-
tion, while described in connection with a powder
gun having a deflector, is also useful in atomized
liquid spray devices. In such devices the mulii-
point electrode is mounted in the nozzle region
proximate the path of atomized liquid particles be-
ing emitted from the nozzle toward the article to be
coated in much the same manner that the mulii-
point electrode is mounted in the deflector of a
powder gun proximate the path of the emifted
powder particles.

The invention will now be further described by
way of example with reference o the accompany-
ing drawings in which:-

Figure 1 a side elevation, partly in cross
section, depicting the principal components
of one embodiment of an electrostatic pow-
der spray gun incorporating 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



7 0 203 694 8

nozzle, deflector, and powder-charging elec-
trode.

Figure 3 is a cross section along line line3-3
of Figure 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 fi-
brous sheet.

Figure 5 is a front elevation of a deflector,
incorporating 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,
incorporating a silicon carbide ribbon or
thread in the rim thereof and discrete resis-
tors, of a still further embodiment 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
electrode in the form of a sawiooth-edged
disc of uniform construction throughout.

Figure 10 is a front elevation of a multi-point
electrode in the form of a sawiooth-edged
disc of composite construction.

Figure 11 is a front elevation of a multi-point
electrode in the form of a composite disc
having an outer annuiar fabric, mesh or
screen section and an inner solid circular
section.

Figure 12 is a front perspective view of the
barrel of a spray device having a circular
spray pattern, which uses a multi-point elec-
trode to charge the coating particles.

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

With reference io the figures, one preferred
form of electrostatic spray gun incorporating the
present invention is depicted. In the preferred em-
bodiment the spray device 10 is in the form of a
gun having an electrically grounded conductive
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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 ap-
plication Serial No. 681,501, filed December 13,
1984, entitled "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 Serial No. 681,501 is incorporated here-
in by reference.

The barrel 12 includes an internal powder entry
chamber 17 which at its rearward end commu-
nicates 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 for-
ward end communicates with the nozzle opening
15 via a tapered bore 19 and intermediate chamber
21. A nonconductive mounting stub 22 for the
deflector and electrode assembly 16 exiends ax-
ially and forwardly from a nonconductive spider 25
located within the intermediate chamber 21. Ex-
tending axially and rearwardly from the spider 25 is
an electrically insulated conductive path 29 incor-
porating a conductor 76 (to be described) which

extends through a stepped diameter bore 30a and

30b where it makes an appropriate connection with
an insulated high voltage supply cable 26 which
passes through the handle 11 exiting 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 pressur-
ized powder-entrained air to the powder entry
chamber 17 via hose 13a. Trigger 34 also en-
ergizes the remote high voltage supply to provide
high voltage electrostatic power to an electrical
conductor 70 {later described) which is axially dis-
posed within the powder deflector 16. The conduc-
tor 70 is connected to the high voltage supply by
high voltage cable 24, 26 and the electrically in-
sulated conductive path 29 which passes through
the mounting stub 22 and spider 25. The powder-
entrained air passes under pressure from the entry
chamber 17 successively through the tapered bore
19 and intermediate chamber 21 to the flared noz-
zle opening 15 whereat it is diverted into a conical
path and electrostatically charged by the elecirode,
to be described, incorporated in the powder deflec-
for and electrode charging assembly 16. The pow-
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der exits the nozzle opening in a generally conical
patiern of electrostatically charged pariicles for im-
pingement upon an electrically grounded article -
{not shown} to be coated.

The powder deflector and electrode charging
assembly 16, considered in more detail in connec-
tion with Fig. 2, is generally conical in shape hav-
ing 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 surfaces 40 and 42. In a preferred form of the
invention, the powder defiector 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 resistive
elecirode disc 44, and a conical insulating section
42a the rearward surface of which constitutes the
powder deflecting conical surface 42. The conical
section 42a, resistive elecirode disc 44, and disc
40a can be permanently assembled to form an
integral unit uiilizing commercially available adhe-
sives. Alternatively, the resistive sheet could be
molded into the deflector.

In a preferred form of the invention the resis-
tive electrode disc 44 is fabricated of -nonwoven
silicon carbide fabric embodying randomly oriented
silicon carbide fibers or filaments in a resin mafrix.
The silicon carbide fibers or filaments from which
the fabric is made have the physical and electrical
characteristics of Nicalon fiber of the general type
disclosed in United Staies Paient No. 4,100,233
and commercially available from Nippon Carbon
Co., Lid., Tokyo, Japan, and Dow Corning, Midland,
Michigan. In a preferred embodiment the silicon
carbide fibers are heat treated to provide a specific
resistivity of 1 X 10° 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 publications of Nippon Carbon Co.,
Ltd., Tokyo, Japan, available from Dow Corning,
Midland, Michigan, are incorporated herein by ref-
erence:

Nicalon Silicon Carbide Fiber, 12 pages; Price List-
ing Effective 1-1-84, Nicalon Silicon Carbide Fiber
Products Distributied by Dow Corning Corporation,
2 pages; and Indusirialization of Silicon Carbide
Fiber and lts Appilications, by Jun-Ishi Tanaka, Ex-
ecutive Director, Nippon Carbon Co., Lid.,, 11
pages.
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Nicalon continuous silicon carbide fiber, in one
commercially available form, is physically char-
acterized as follows:

Filament Diameter: 10-15 microns,

Cross Section: round

Density: 0.093 pounds/inch® (2.55 g/cm?),
Tensile Strength: 360-470-ksi

(250-300 kg/mm?3),

Tensile Modulus: 26-29 X 10* ksi

(18-20 X 10° kg/mm®), and

Coefficient of Thermal Expansion
(parallel to fiber) : 3.1 X 10~/°C.

The specific resistivity of Nicalon silicon car-
bide fiber which is uniform throughout the fiber and
independent of fiber filexure, can be varied by heat
treating the fiber at different temperatures subse-

quent to spinning. The variation in specific resistiv-
ity as a function of heat ireating temperature can

vary by a factor of approximately 10* from approxi- B

mately 10? ohm-cm to 10° chm-cm.

The Nicalon continuous silicon carbide fibers
can be formed into woven fabric, as well as non-
woven fabric of random fiber orientation. In addi-
tion, the resistive silicon carbide disc 44 can be
fabricated of resin impregnated Nicalon fabric com-
posite, glass Nicalon fabric composite, and/or
Nicaion fibers in a ceramic mairix.

The insulative front disc 40a and insulative
conical deflector 42a can be fabricated of a variety
of nonconductive materials including glass-filled
Tefion plastic, Delrin plastic, and the like.

The deflecior/electrode assembly 16 is moun-
ted to the stub 22 by the axial engagement of a
reduced diameter section 22a at the forward end of
the mounting siub 22 and a blind hole or bore 64
formed in the rear ceniral portion of the conical
deflector 42a. The bore 64 and reduced diameter
end 22a of the stub 22 are dimensioned 1o provide
a snug sliding fit therebetween.

As noted previously, electrostatic energy is
transmitted from a remote power supply (not
shown) 1o the resistive charging disc 44 via the
cable 24, 26 and the eleclrically insulated re-
sistorized conductive path 28. 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



11 .

the conical deflector section 42a to establish elec-
trical contact with the resistive disc 44. The con-
ductor 70 is connected to the electrically conduc-
tive core of the cable 26 via a resistor 75 and
electrical conductor 76 which constitute further ele-
ments of conductive path 29, and which are in
electrical series circuit arrangement between the
conductor 70 and the conductive core of the high
voltage cable 26.

In operation, when the trigger 34 is activated,
powder-entrained pressurized air is introduced into
the infernal 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 surface 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 energizes 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 di-
scharge is produced at the multitude of resistive
material fiber ends 46a located around the perim-
eter 46 of the resistive 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 conical
deflecting surface 42.

Experience has shown that higher coating
transfer efficiencies can be achieved with the elec-
trostatic spray coating gun of this invention. 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 vari-
able. At no load voltages of 90 Kv with a charging
disc 44 having a diameter of approximately 1 %
inches and a thickness of approximately 0.65 mm,
anywhere between three and eight corona points
have been observed to simultaneously occur at
peripheral locations which are continuously chang-
ing on a more or less random basis.

Contributing in a material manner to transfer
efficiency enhancement provided by the preferred
embodiment depicted in Figure 1-4, as well as the
other embodiments herein described in more detail
hereafter, is the flared configuration of the nozzie
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
located outwardly and rearwardly of the corona
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charging zone proximate perimeter 46, functions as
an electrostatic shield which effectively shields
electrostatically-charged coating particles at the
exit end of the nozzle from the electrically ground-
ed handle 11, reducing the tendency of a parasitic
leakage current to be set up between the deflector
and the handle 11. Were the shielding omitted, the
grounded handle 11 would tend to electrostaticaily
atiract 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 particuiarly true in
view of the fact that the grounded handle is typi-
cally located at approximately the same distance
from the corona charging zone, albeit rearwardly
thereof, as the object being coated which is elec-
trically grounded and located forwardly of the gun
nozzle. Tests have shown that removal of the por-
tion of the flared nozzle 14 located radially beyond
the perimeter 46 of the deflector, which in turn
eliminates the electrostatic shielding between the
deflector perimeter and the electrically-grounded
handle 11, significantly reduces the transfer effi-
ciency.

While in the embodiment shown in Figures 1-4,
the forward extremity or lip 14a of the nozzle 14 is
located 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
¢én be varied, such as by locating the flared nozzle
mouth or lip 14a radially opposite the elecirode
sheet edge 46a or forwardly thereof (leftwardly as
viewed in Figure 2). Regardless of the exact loca-
tion of flared nozzle mouth or lip 14a relative to the
edge 46 of the resistive sheet 44, at least a portion
of the nonconductive flared nozzle 14a must be
located radially outwardly and rearwardly of the
corona charging zone proximate edge 46 of resis-
tive sheet 44 such that electrostatic shielding is
provided between the electrostatic charging corona
zone and the electricaliy-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 aiso be used to
advantage in a liquid coating gun wherein charged
atomized paint particles are proximate the gun noz-
zle.

Because of the resistive nature of the charging
disc 44, the electrostatic spray gun of this invention
has been found to prevent ignition when subjected
to standard ignition tests performed by Nordson
Corporation, assignee of the present application. In
practice, the disc 44 provides a resistance of 1.0
Megohm -1.5 Megohm when measured between
the center which contacts conductor 70 and the
periphery 46.
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The composite or sandwich consiruction of the
combined powder deflector and electrode charging
assembly 16 is exiremely 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 be-
tween member 40a and 42a. However, the sand-
wich construction is preferred.

In the embodiment of Figures 1-4, as de-
scribed, the deflector 16 is principally fabricated of
insulative sections 40a and 42a. If desired, the
deflector could be fabricated of resistive or semi-
conductive material, or possibly even conductive
material, providing the multi-point electrode is lo-
cated at the periphery thereof. With such a con-
struction, suitable resistance is preferably provided
in series with the multi-point electrode to avoid
unsafe electrical discharges of elecirical 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 to have the same general overall shape as
the deflector of the embodiment of Figures 1-4.
More particularly, the deflecior 100 has a rear
surface 102 against which the particle-enirained air
stream is directed in a generally axial (horizontally
as viewed in Figure 6) direction as it exits from the
nozzle of the gun in a forward (leftwardly as viewed
in Figure 6) direction. The defiector 100 also in-
cludes a generally circular flat front surface 104,
which if desired could be either concave or convex.
Embodied in the deflector 100 and projecting radi-
ally outwardly from the periphery 106 thereof in a
direction transverse io the deflected path of the
powder stream are a plurality of electrode elements
108, for example, in the form of electrically conduc-
tive wires or needles. The electrode elements 108,
of which there are six shown in the preferred em-
bodiment of Figures 5§ and 6, although a lesser or
greater number can be used, are circumferentially
spaced at substantially equal intervals around the
periphery 106 of the deflector. Resistive circuit
paths in the form of discrete radially disposed
resistors 112 interconnecting each of the elec-
trodes 108 o a central, axially disposed electrical
conductor 110 which connecis to a remofe high
voltage source (not shown). The resistors 112,
which are incorporated in the body of the deflector
between front and rear surfaces 104 and 102, have
a resistance, in the presently preferred embodi-
ment, of, for example, 10 Megohms, although other
resistance values may be used, if desired. In ac-
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cordance with a variant of the embodiment actually
shown in Figures 5 and 6, the radially projecting
electrodes 108 could be made flush with the perim-
eter 106 of the deflector 100, thereby avoiding the
possibility of damage to the elecirodes.

In accordance with a still further preferred em-
bodiment of the invention depicted in Figures 7
and 8, of which only the deflector assembly is
shown, an electrostatic spray gun is provided in
which the nonconductive deflector 130 is seen io
have the same overall configuration as the deflector
100 shown in the embodiment of Figures 5 and 6.
More particularly, deflector 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 incor-
porates in its body a plurality of resistive circuit
paths in the form of radially disposed discrete
resistors 142 which at their inner end have leads
142b which are connected in common {o an axially
disposed electrical conductor 144 which in fum is
connected to a remote high voltage source (not
shown). The radially outward ends of resistors 142
have leads 142a which terminate in a circumferen-
tial groove 148 formed in the periphery 136 of the
deflector 130. Located in the groove 148 is a
circumferentially-disposed silicon carbide thread or
narrow ribbon 150. The radially outboard ends of
resistor leads 142a are electrically connected with
their respectively proximately located segments
130a of the silicon carbide thread 150. If desired, a
resistive 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 elecirodes 108 are flush with
the perimeter 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 fab-
ricated 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 elecirodes {o form corona charging
points. If the silicon carbide thread does not con-
tain short lengths of fiber with plural randomly
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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
continuous circular elecirode comprised of six ar-
cuate electrode elements or segments which are
interconnected end-to-end. The continuous circular
electrode 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 ele-
ments or segments connected end-to-end.

Instead of the silicon carbide resistive fabric 44
shown in Figures 1-4, the multi-point electrode can
take the form of a.sawtooth edge 200 on the
periphery of a disc 202, as shown in Figure 9. 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 composite having an annular outer sec-
tion 203 with teeth 200" at the periphery, and an
inner circular section 205, as shown in Figure 10.
The inner section 205 and/or the outer section 203
may be resistive, semiconductive, or conductive.

Alternatively, disc 44, instéad 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
inner circular disc 212 of resistive, conductive, or
semiconductive solid sheeting.

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

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 coaxial-
ly 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
constructed like any of the electrode configurations
or structures shown in Figures 4-11. In the Fig. 12
embodiment, like Figs. 4-11, electrode 235 has a
peripheral edge 235' which includes multiple elec-
frodes projecting therefrom. The electrode 235
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connects to a source of electrostatic voltage via an
electrical conductor (not shown) located with col-
umn 234. The device of Figure 12 provides a
circular spray pattern.

Figure 13 depicts an insulative barrel 240 hav-
ing an upper rectangular cross-sectional iongitudi-
nal bore 241 and a lower rectangular cross-sec-
tional iongitudinal bore 242 separated by an in-
sulative longitudinal 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 mulii-point electrode edge 245 for charging
coating particles emitted from upper and lower
bores 243 and 242, respectively. Electrode 244 is
constructed similarly to electrode 235 of Figure 12.
The electrode 244 connects to a high voltage sup-
ply via an electrical conductor (not shown) within
column 243. The embodiment of Figure 13 pro-
vides a flat fan-shaped spray pattern.

The embodiments of Figures 5-13, like the
embodiment of Figures 1-4, provide improved
transfer efficiency due to the multi-point electrode
configuration, and constitutes electrode assemblies
which are inexpensive and simple in construction.

Claims

1. An electrostatic spray coating system compris-
ing a particle spray device having a particle-spray-
ing opening therein from which in use a stream of
particles is sprayed in a path in a forward direction
toward an article to be electrostatically coated; a
particle deflector constructed of electrically non-
conductive material located in the said parricle path
for defiecting the particle stream, the deflector hav-
ing a surface upon which the particle stream im-
pinges and as a result thereof becomes deflected;
a resistive sheet electrode having a periphery
proximate the deflector surface past which the de-
flected particle stream passes to be electrostati-
cally charged in its path toward the article to be
coated, the resistive sheet elecirode having a high
voltage terminal region located remote from the
periphery for establishing an electrically resistive
current path from the terminal through the resistive
sheet electrode to the periphery for minimizing
shock and ignition hazards due to inadvertent di-
scharge of electrical energy capacitively stored in
the system; and an electrical path {o interconnect a
high voltage supply and the said terminal region of
the resistive sheet electrode to facilitate the pro-
duction of a corona discharges at the elecirode
periphery for electrostatically charging the de-
flected stream as it flows in proximity thereto in its
path toward the article to be coated.
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2. An elecirostatic spray system as claimed in
Claim 1 wherein said resistive sheet elecirode con-
sists substantially of silicon carbide filaments.

3. A pariicle deflector and charging assembly for
use with an electrostatic spray sysiem having a
high voltage electrostatic supply for providing elec-
frostatic voltages, and a particle spray device hav-
ing a particie-spraying opening therein from which
a stream of particles is sprayed in a path in a
forward direction toward an article fo be electro-
statically coated, wherein the pariicle deflector is
constructed of electrically nonconductive material
and is located in the particle path for deflecting the
pariicle siream, and has a) a rear surface upon
which said particle siream impinges and as a result
thereof becomes deflected, and b) a front surface
facing in said forward direction, and wherein the
charging assembly comprises a resistive sheet lo-
cated between said front and rear surfaces having
a peripheral edge at its oufer limits defining a
multiple point elecirode past which said deflected
particle siream passes fo be elecirostatically
charged in its path foward said article io be coated,
said resistive sheet having a high voltage terminal
region located remote from said peripheral edge
for establishing an electrically resistive current path
through said sheet between said terminal region
and said peripheral edge for the purpose of mini-
mizing shock and ignition hazards due io inadver-
fent discharge of electrical energy capacitively
stored in said systemn, said terminal region being
connectable to said high voliage supply to facilitate
the production of a corona discharge at said pe-
ripheral edge of said sheet for electrosiatically
charging said deflected stream as it flows in prox-
imity thereto in its path toward said article o be
coated.

4. An electrostatic spray coating apparatus com-
prising: a pariicle spray device having a pariicle-
spraying opening therein from which a stream of
particles is sprayed in a path in a forward direction
toward an article to be electrostatically coated; a
particle deflector constructed of electrically non-
conductive material located in said particle path for
deflecting said particle stream, said deflector hav-
ing a surface upon which said particle siream im-
pinges and as a result thereof becomes deflected;
a plurality of electrode elements proximate said
deflector surface past which said deflected particle
stream passes to be electrostatically charged in iis
path foward said article to be coated, an electrical
terminal associated with said deflector which is
connectable to a source of high voliage, said termi-~
nal being remotely locaied relative o said plurality
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of electrode elements, and a plurality of resistive
circuit paths incorporated in said deflector which
are each connecied between said terminal and a
different one of said plurality of elecirode elements,
said resistive paths facilitating both energization of
said electrode elements when said terminal is con-
nected to a high voltage source and minimizing
shock and ignition hazards due to inadvertent di-
scharge of elecirical energy capacitively stored in
said spray coating apparatus.

5. Apparatus as claimed in Claim 4 wherein said
resistive circuit paths each comprises a discrete
resistor.

6. An elecirostatic spray coating apparatus com-
prising: a particle spray device having a particle-
spraying opening therein from which in use, a
stream of particles is sprayed in a path in a forward
direction toward an article o be electrostatically
coated; a multipoint electrode comprising a sub-
stantial number of closely spaced electrode ele-
ments located immediately proximate but not ex-
tending significanily inito said opening through
which said particle stream passes to be slectro-
statically charged in ifs path toward said article to
be coated, said elecirode elements being connec-
table to an electrostatic voltage source for estab-
lishing a pilurality of corona charging points to
enhance fransfer efficiency. = =~ = ‘

7. Apparatus as claimed in Claim 6 wherein the
multipoint elecirode includes a resistive sheet hav-
ing a peripheral edge defining the said substaniial
number of closely spaced electrode poinis.

8. Apparatus as claimed in Claim 6 wherein the
multipoint electrode includes a semiconductive
sheet having a peripheral edge defining said sub-
stantial number of closely spaced electrode points.

9. Apparatus/system as claimed in any of the pre-
ceding claims wherein the spray device includes
a) an electrically nonconductive barrel having a
nozzle in which said particle spraying opening is
located and b) a rear section located remote from
said nozzle, and an electrostatic shield extending
laterally beyond and rearwardly of said electrode
periphery {o electrostatically shieid electrostatically
charged particles in the region of said nozzle from
sources of electrostatic potential different from that
of said electrode located rearwardly and/or laterally
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of said electrode periphery.

10. Apparaius/system as claimed in Claim 9
wherein said electrostatic shield is incorporated in
said nozzle.
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