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{+(57) Abstract

An electrostatic spray device (10) having a gun barrel (28, 38) formed with a powder delivery passageway (32, 46)
connected to a source of particulate powder material, a nozzle (48) mounted at the forward end of the gun barrel which is
‘formed with a discharge opening (52) for emitting coating particles, a deflector (88) carrying an electrode (90) which pro-
«duces an electrostatic field in the path of the coating particles emitted from the discharge opening (52) and a pattern ad-
| justment sleeve (54) carried by the gun barrel (28, 38) which is radially outwardly spaced from the deflector (88) and dis-

charge opening (52). Both the deflector (88) and pattern adjustment sleeve (54) are axially movable relative to one another,
and relative to the discharge opening (52), to vary the width of the spray pattern of coating particle emitted from the dis-
charge opening (52) while controlling the concentration of the electrostatic field produced by the electrode (90).
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Electrostatic Powder Spray Gun With
Adjustable Deflector and Electrostatic Shield

Field of the Invention

This invention relates to electréstatic
powder spray guns, and, more particularly, to an
electrostatic spray gqun which provides for variation

5 of the width of the pattern of powder coating parti-
‘cles emitted from the spray gun toward an object to be
coated while maximizing the electrostatic charge
applied to the powder coating particles.

Background of the Invention

10 In industrial finishing applications,
coating particles are emitted from the spfay device
such as a spray qun toward an object to be coated.
One type of coating material is a solid powder coating
which is finely ground into powdered or particulate

15 form for spraying onto parts in a manner similar to
liquid paint. In electrostatic powder spray guns, one
or more electrodes associated with the spray gun
imparts an electrostatic charge to the coating parti-
cles as they are emitted toward the object to be

20 coated. The object to be coated is maintained at an
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electrostatic potential different from that of the
charged coating particles so that the coating parti-
cles are attracted to the article and deposited
thereon with improved efficiency and coverage. The
5. electrostatic charge maintains the powder upon the
product for a sufficient time period to permit the
powder to be heated so that it melts, and when subse-
quently cooled, the powder is firmly attached to the
target substrate.

10 'Electrostatic spray guns, particularly those
designed forrlspraying particulate powder material,
include a particle deflector mounted at the nozzle'end
of the spray gun. In one preferred form, the particle-
deflector is in the shape of a cone which is mounted

15 ‘axially in the *flow path of tﬁe particulate powder
material sprayed froﬁ a discharge opening in the
nozéle of'the spray gun. The particles impact the
cone and are deflected radially outwardly into a
conical spray pattern for deposition onto the articler

20 to be coated.
| A primary goal of electrostatic spray guns
is to maximize "transfer efficiency", i.e., the
effiéieﬁcy with which charged coating particles
sprayed from the gun are deposited on an article to be

25 coated. It has been disclosed in co-pending U.S.
Patent Applications, Serial No. 724,392, entitled

"Powder Spray Gun", filed April 18, 1985 by Sharpless
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et al, and owned by the same assignee as this inven-
tion, and a related application, Serial No.
07/072,780, filed July 13, 1987, and entitled "Parti-
cle Spray Gun", that the transfer efficiency of powder
5 spray guns can be maximized in at least two ways. One
way of increasing transfer efficiency is to form the
particle deflector with a resistive sheet sandwiched
between its forward and rearward ends, leaving exposed
only the perimeter of the resistive sheet at the
10 periphery of the particle deflector. The resistive
sheet is electrically connected to a high voltage
electrostatic cable and its perimeter functions as a
multi-point electrode which is positioned - by the
particle deflector near the discharge’opening_of the
‘ 15 nozzle of the gun directly in the path of the particle
stream.

Additionally, as disclosed in patent appli-
cations Serial Nos. 724,392 and 07/072,780, transfer
efficiency is increased by providing an electrostatic

20 shield at the forward end of the gun barrel. The
electrostatic shield is disposed outwardly of the
perimeter of the deflector where the corona charging
points of the resistive sheet are located. In the
preferred form disclosed in the above-identified

25 applications, the electrostatic shield is formed by
flaring the end of the nozzle in the region surround-

ing the forward end of the conical deflector,
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particularly the perimeter thereof, from which the
corona charging points extend.
o The electrostatic shield provided by the
flared end of the nozzle in the prior art has the
5 effect. of preventing the charged particles emitted
from the nozzle of the gun from being exposed or
"seeing" grounded objects such as the handle of the
gun, the qun mounting hardware, objects surrounding
the gun in the spraying environment and the 1like.

10 Because such grounded objects can provide an attrac-
tion to some of the charged particles, a. corona
current path can be set up between the charged parti-
cles at the electrode and one or more grounded objects
which causes the availaﬁle électric energy for charg-

15 ing at the deflector to be reduced by parasitic
dischérge. In the absence of an electrostatic shield
to prevent such parasitic discharge, the reduction in
available charging energy at the deflector results in
a corresponding redu;tion in transfer efficieﬂcy.

20 ' | The deflector -of the type disclosed in the
724,392 and 07/072,780 applications has been employed-
in an electrostatic powder spray qun of the type
disclosed in U.S. Patent Application Serial No.
07/054,746, filed May 27, 1987, and entitled "Electro-

25 ~static Spray Gun Device and Cable Assembly" to Sharp-
leés et al. In the spray gun disclosed in that

application, the deflector is directly connected to a
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high voltage electrostatic cable which is axially
adjustable to vary the axial position of the deflector
with respect to the powder discharge opening in the
nozzle of the gun. Such adjustment of the deflector
5 enables the width of the spray pattern produced by the
electrostatic spray gun to be varied, while obtaining
improved transfer efficiency from . the multi-point
electrode carried in the particle deflector.

One limitation of the electrostatic spray
10 gun disclosed in the '746 application is that transfer
efficiency can decrease when the width of the spray
pattern is varied. For éxample, if the deflector is
moved axially forwardly reiative to the dischaéée
opening in the nozzle in order to decrease the width
15 of the épray pattern, the effect of the electrostatic
| shield provided by the flared end of the nozzle is
reduced. This can result in parasitic discharge along
a corona current path between the electrode and
grounded objects in the environment in which the spray
20 gun is operated and thus lessen the transfer efficien-

cy of the spray gun. .

Summary of the Invention

It is therefore among the objectives of this

invention to provide an electrostatic spray gun for

25 spraying particulate powder material which permits
adjustment of the width of the spray pattern while

optimizing the electrostatic charge applied to powder
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coating particles emitted from the spray gun and thus
ﬁaximizing transfer'efficiency.
Tﬁese objectives are accomplished in an
electrostatic powder spray gun having a gun barrel
5 formed with a powder delivery passageway communicating
~with a source of powder coating particles, and a
nozzle mounted at the forward. end of the gun barrel
which is formed with a discharge opening for emitting
the powder coating particles toward an object to be
10 coated. The width of the pattern of coating particles
emitted from the discharge opening in the nozzle is
controlled by a particle deflector mounted at the
forward end of the nozzle in the path of coating
particles, and a pattern adjustment sleeve mounted at
15 the forward end of the spray device which extends
radially outwardly from the particle deflector and the
discharge opening in the nozzle. The particle deflec-
tor and pattern adjustment sleeve are axially adjust-
able relative to one another, and relative to the
20: discharge opening in the nozzle, to deflect the powder
coating particles emitted from the discharge opening
of the nozzle along different flow paths, which, in
turn, varies the width of the spray pattern of coating
particles deposited on an object to be coated.
25 The electrostatic charge applied to the
doating particles emitted from the discharge opening

in the nozzle of the spray gun herein is also
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controlled by the position of the deflector and
pattern adjustment sleeve. The particle deflector
carries an electrode which forms an electrostatic
field in the powder flow path formed between the

5 discharge opening in the nozzle and the particle
deflector. The concentration of this electrostatic
field within the powder flow path varies as the
particle deflector is moved axially relative to the
nozzle, i.e., as the radial dimension of the powder

10 flow path formed between the particle deflecfor and

the nozzle is varied. The pattern adjustment sleeve

is positioned radially outwardly relative to the

deflector, and relative to the discharge opening in

" the nozzle. In this position, during the operation of

15 the spray gun, the pattern adjustment sleeve serves as

an electrostatic shield between the electrode and

charged coating particles produced thereat, and

objects adjacent to or behind the spray gun having an

electrical potential different from that of the

20 electrode and such charged particles. The extent of

the electrostatic shielding provided by the pattern

adjustment sleeve is variable depending upon its axial
position relative to the electrode.

'In the presently preferred embodiment, an

25 electrode in the form of a resistive sheet is mounted

within the deflector so that the periphery of the

resistive sheet is exposed forming a multi-point
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electrode. The deflector is carried at the forward
end of a éable assembly which éomprises a dielectric
tube having a hollow interior filled with dielectric
grease, within which a resistor and a portion of a
S high voltage electrostatic cable are mounted and
electrically connected together. The electrode of the
deflector 1is electrically connected to the electro-
static cable, and the deflector is carried at +the
forward end of the dielectric tube in the path of
10 coating particles emitted from a discharge opening
formed at the forward end ,Of the spray device.
Adjustment structure carried by the spray device is
effective to move the cable assembly, and, in turn,
the deflector, axially with respect to the spray
15 device so as to vary the position of the deflector
relative to the discharge openinq of the spray device.
The pattern adjustment sleeve comprises a
cylindrical-shaped member formed of dielectric materi-
al which is mounted upon the forward end of the spray
20 device. In the preferred embodiment, an O-ring
carried on the inner wall of the pattern adjustment
sleeve slidably engages the outer surface of the spray
device to permit axial movement of the pattern adjust-
ment sleeve relative to the discharge opening of the

25 spray device and the axially adjustable deflector.
Variation of the pattern width of coating

particles discharged from the spray device is obtained
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by adjusting the axial position of the deflector
and/or pattern adjustment sleeve. The deflector is
axially adjustable with respect to the discharge
opening in the nozzle, and this adjustment varies the
5 space between the deflector and the nozzle and conse-
quently the radial velocity of the powder discharged
from the nozzle. The greater the radial velocity of
the powder discharged from the nozzle, the wider the
spray péttern. For example, with the deflector in a
10 rearwardmost position, closest to the discharge
opening in the nozzle, the smallest space is formed
therebetween and therefore the highest radial velocity
flow is generated. This produces a relatively wide
conical~shaped pattern flow of coating particles past
15 the deflector. As the particle deflector ‘is moved
forwardly relative to the discharge opening in the
nozzle, the space between the deflector and nozzle
widens and the radial velocity drops allowing the
powder cloud to be drawn in more towards the center of
20 the pattern by the low pressure zone which exists in

front of the deflector.

The axial position of the pattern adjustment
sleeve relative to the deflector and the discharge
opening in the nozzle also controls the width of the

25 spray pattern of coating particles on the object to be
céated. For example, if the forward end of the

cylindrical-shaped pattern adjustment sleeve is
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positioned rearwardly of the deflector, the width of
the spray pattern upon the object to be coated is
solely dependent upon the axial position of the
deflector relative to the discharge opening in the

5 nozzle. But as the forward end of the sleeve moves
forwardly relative to the deflector, the particulate
air flow through the gun impinges onrthe sleeve to
turn the flow in a more forward direction. This
"chokes down" or narrows the width of the spray

10 pattern of coafing particles applied to the object to
be coated.

The electrostatic field produced and the
charge applied to the coating particles is also
controlled by the relative axial position of the

‘15 pattern adjustment sleeve and the déflector. An
electrostatic field is produced by the electrbde which
can be focused more forwardly by retracting the
deflector into the nozzle or by moving the sleeve
forwardly. These same adjustments will also, while

20 focusing the field . mofe forwardly, increase the
concentration of the field in the vicinity of the
space between the deflector and nozzle. The electro-
static charée which is applied to such coating parti-
cles is dependent upon the concentration of the

25 electrostatic field and the residence time of such
particles as they flow through the electrostatic

field. By concentrating the electrostatic field, the
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amount of ionic bombardment of the powder particles is
increased which increases the amount of charge trans-

ferred to the powder particles.
One way to concentrate the electrostatic
5 field produced by the electrode is to adjust the
position of the deflector relative to the discharge
opening in the nozzle so that a relatively small
powder flow path is formed therebetween through which
the coating particles must flow. This has the effect

10 of concentrating the electrostatic field in a rela-
tively small area, but the coating particles flow
through such a small area at a higher Vélocity and
thus their residence time therein is reduced. The
electrostatic field becomes less concentrated as the

15 radial dimension of the powder flow path between the
deflector and discharge opening in the nozzle .in-
creases,abut at the same time the particles flow at a
slower velocity therethrough which increases their
residence time within the electrostatic field.

20 'Depending upon the requirements of a partic-
ular application, the axial position of the deflector,
and thus the electrode, relative to the discharge
opening in the nozzle can be adjusted to balance the
concentration of the electrostatic field within the

25 powder flow path with +the residence time of the
coating particles therein so as to maximize the

electrostatic charge applied to the coating particles.
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The electrostatic field and the charge

applied to the coating particles is also affected by

the axial position of the pattern adjustment sleeve

relative to the deflector and the charged coating

5 particles produced thereat. The pattern adjustment

sleeve functions as an electrostatic shield to prevent

- the development of corona current paths between the

electrode and charged coating particles produced

thereat, and objects located behind or adjacent to the

10 ,electfode having a ground potential or having a

substantially different potential than that of the

electrode and coating particles. A corona current

path occurs where the charged coating particles in the

area of the electrode flow to a grounde@ or different-

iS 1y charged object, and this reduces the available

electrical energy for charging at the relectrode by

parasitic discharge. The pattern adjustment sleeve

provides an electrostatic shield which physically

blocks or shields the charged coating particles from

20 such grounded or differently charged objects and thus

prevents the development of corona current paths
athérebetween.

The effectiveness of the pattern adjustment

sleeve in preventing the development of corona current

25 rpaths'is dependent upon its.position relative to the

electrode in the rdeflector and the charged coating

particles produced thereat. In its forwardmost
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position, the pattern adjustment sleeve is concen-
trically disposed about the deflector and substantial-
ly eliminates the development of any corona current
paths between the charged coating particles and

53 electrode, and a grounded or differently charged
object adjacent to or behind the electrode. The
trade~off in positioning the electrostatic shield in
its: forwardmost position is that the coating particles
flowing outwardly from the powder flow path between

10 the: deflector and discharge opening of the nozzle are
confined by the pattern adjustment sleeve, as dis-
cussed above, and thus the width of the pattern of
coating particles on the object to be coated is
reduced.

15 In ofder to increase the width of the
pattern of coating particles on the object to be
coated, the pattern adjustment sleeve must be moved
rearwardly relative to the deflector and electrode so
that: the coating particles travel only a short dis-

20 tance, if any, along the inner wall of the pattern
adjustment sleeve. While this increases the width of
the spray pattern upon the object to be coated, the
concentration of the electrostatic field is reduced
because the pattern adjustment sleeve is no longer in

25 position to as effectively shield the electrode and
prevent the development of corona current paths

between the charged coating particles in the area of
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the electrode and objects at ground or different
potential than such charged coating particles.

Deécription of the Drawings

The structure, operation and advantages of

5 the presently preferred embodiment of this invention

| will become further apparent upon consideration of the

.fdllowing description, taken in conjunction with the
accompanying drawings, wherein:

. Fig. 1 is a cross sectional view of the

10 electrostatic powder spray gun of this invention;

Fig.rz is an enlarged cross sectional view
of the rearward end of the powder spray gun illustrat-
ed in Fig. 1 showing the cable adjustment assembly in
more detail;

15 . Fig. 3 is an enlarged view of the forward
end of the spray gun shown in Fig. 1 with the deflec-
tor in a rearwardmost position and the eleétrostatic
shield in a rearwardmost position; and

Fig. 4 is a view similar to Fig. 3 with the

20 electrostatic shield in a forwardmost position and the

deflector in a forwardmost position.

Detailed Description of the Invention

Referring now to Fig. 1, a spray gun 10 for

spraying particulate §owder‘ material is illustrated

25 which is disclosed in detail in U.S. Patent Applica-
tion Serial No. 07/099,495, filed simultaneously

herewith, and entitled "Powder Spray Gun For Quick
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Color Change Systems", which is assigned to the same
assignee as this invention. Reference should be made
to the disclosure of that application for a detailed
discussion of the construction of spray gqun 10, which
is incorporated by referehce in its entirety herein.

For purposes of the present discussion, the
spray gun 10 comprises a a mounting block 12 having a
base. 14 and a cap 1l6. The base 14 and cap 16 are each
formed with a notch which together define a bore 18
adapted to receive a mounting rod (not shown) for
supporting the powder spray gun 10. The base 14 and
cap 16 are mounted to one another by screws 20.

The base 14 of mounting block 12 is formed
with an inlet 22, a forward cavity 24 and a sleeve 26
which intersect; the cavity 24. The term "forward" as
used herein reférs to the righthand portion of the
spray qun 10 as viewed in Fig. 1, and the term "rear-
ward" refers to the lefthand portion thereof.
7 A rearward barrel member 28 is slidably
mounted within the cavity 24 of mounting block 12
where it is secured along the cavity wall by an O-ring
30 carried on the outer surface of rearward barrel
member 28. The rearward barrel member 28 is formed
with a throughbore 32, and an angled bore 33 which
alighs with the sleeve 26 in the base 14 of mounting
block 12. A powder supply tube 34 is inserted through'

the sleeve 26 in the mounting block 12 and into the

PCT/US88/03235
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angled bore 33 of rearward barrel member 28. The
powder supply tube 34 is effective to introduce
particulate powder material through the angled bore 33
into the throughbore 32 of the rearward barrel member

5 28.

The forward end of the rearward barrel
member 28 is internally threaded to receive mating
threads on the rearward end 36 of a forward barrel
member 38: The outer surface of the forward barrel

10 member 38 carries an O-ring 40 at its rearward end 36
which engages the rearward barrel member 28. A pair
of O-rings 42, 44 are carried on the outer surface of
forward barrel member 38 ét its forward end. The
forward barrel member 38 is formed with a throughbore

15 746 which is in axial alignment with the throuéhbore 32
of rearward barrel member 28 and forms a powder flow
passageway ° therewith <for transmitting particulate
powder material from the powder supply tube 34 toward
the forward end of the spray gun 10.

20 A nozzle 48 is slidably received on the
forward end of forward barrel member 38 and is re-
tained in position thereon by frictional engagement
with the O-ringé 42, 44. The nozzle 48 has a through-
bore 50 which forms a flared discharge opening 52 at

25 the forward end thereof.

| | A powder adjustment sleeve 54 having a

throughbore 56 is concentrically disposed about the
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nozzle 48 and slidably received on the forward end of

forward barrel member 38. The powder adjustment

. member 54 is retained in position on the outer surface

of the forward barrel member 38 by engagement of an
O-ring 58 therebetween which is carried within a
groove formed in the wall of powder adjustment member
54.

An axial powder flow passageway .59 is
therefore formed between the rearward and forward ends
of the spray gun 10 by the throughbores in the reax"-
ward barrel member 28, forward barrel member 38 and
nozzle 48. A barrel liner 60 extends axially within
this powder flow passageway 59 which is mounted at its
rearward end to a seat 62 formed in the rearward
barrel member 28. The barrel liner 60 receives and
supports a cable assembly 63 which comprises a high
voltage electrostatic cable 64 mounted within the
hollow interior of a dielectric cable liner 66. See
Fig. 2. The forward end of the cable liner 66 is
concentrically supported relative to the throughbore
56 of nozzle 48 by a spider mount 68 carried on the
forward end of the forward barrel member 38. The
rearward end of the cable liner 66 and high voltage
cable 64 are mounted to the inlet 22 of mounting block
12 by a cable adjustment assembly 70. The construc-
tion of the cable assembly 63 and the cable adjustment

assembly 70 are disclosed in detail in co-pending

PCT/US88/03235
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application Serial No. 07/054,746, filed May 27, 1987,
and entitled "Electrostatic Spray Gun Device and Cable
Assembly", invented by Sharpless et al which is incor-
porated by reference in its entirety herein.

5 ' The detailed structure of the cable assembly
and cable adjustment assembly 70 form no part of this
invention per se and are thus described. in general
terms. Referring now to Figs. 2 and 3, the cable

rassembly herein is formed by stripping the forward end

10 of the sheath 72 of cable 64 to expose its core 74
which is inserted within the holloﬁ interior of the
cable linef 66 whose interior is filled with dielec-
tric grease 76. The cable core 74 electrically
contacts a spring 78 soldered to the lead 80 of a

15 series of resistors 82, which are also carried within
the hollow interior of tube 66. The lead 84 on the
opposite end of the resistors 82 is soldered to a
tubular pin 867 which projects outwardly from the
forward end of the cable assembly 63.

20 - _ The forward, end of the cable assembly 63
supports a deflector mount 87, which, in turn, mougts
a particle deflector 88 having a charging electrode
90. The tubular pin 86 extends through the deflector
mount 87 and electrically contacts the charging

25 electrode 90 via a metal sleeve 89 in order to elec-
trical}y connect the high voltage cable 64 to the

charging electrode 90. The detailed structure of the
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particle deflector 88, and the éonnection between high
voltage cable 64 and charging electrode 90, form no
part of this invention per se and are therefore not
disclosed in detail herein.  The particle deflector 88

5 and charging electrode 90 are preferably of the type
disclosed in U.S. Patent Application Serial No.
07/072,780, filed July 13, 1987, and entitled "Parti-
cle Spray Gunﬁ, which is incorporated by reference in
its entirety herein.

10 The cable assembly 63 mounts the particle
deflector 88 and charging electrode 90 at the dis-
charge opening 52 of nozzle 48 in fhe path of powder
coating particles emitted therefrom. A generally
donut ' or ring-shaped powder flow path 91 is thus

15 formed between the deflector 88 and discharge opening
752 of nozzle 48 through which coating particles are
emitted to form a conical-shaped powder spray pattern
on an object to be coated. In accordance with a
principal feature of this invention, the axial posi-

20 tion of the particle deflector 88 relative to the
discharge opening 52 of nozzle 48 is aqjustable. This
is achieved by movement of the high voltage cable
assembly 63 in response to operation of the cable
adjustment assembly 70.

25 Referring now to' the 1lefthand portion of
Fig. 1, the cable adjustment assembly 70 comprises a

fixed nut 92 mounted to the inlet sleeve 22 of
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mounting block 12 which is formed with an internally
thréaded bore 94. A cable adjustor 96 has an exter-
nally threaded rea.fward end 98 which is received
within the internally threaded bore 94 of fixed nut
92, and a forward end 100 of larger diameter- having a
radially _inwardlyr extending annular ring 102. The
rearward end 98 of cable adjustor 96 is formed with. a
throughbore 104 which increases in diameter at its

forward end 106. The high voltage cable 64 is insert-

, ed through the cable adjustor 96 and its sheath 72 is

removed so that only the core 74 of the cable 64
extends from the cable adjustor 96.

A nut 108 is mounted to the end of sheath 72
at the loéation where the sheath 72 is removed to
expose its core 74. The nut 108 threadedly engages
one end of a cable adaptor 110 to fixedly mount the
cable adaptor 110 to the cable core 74. The opposite
end of the cable adaptor 110 is threaded into a
clamping nut 112 which is secured to the cable liner

66 by a compression ferrule-type joint (not shown),

for example. The cable 64 and cable liner 66 are

therefore fixed togethér through the cable adaptor 110

~and movable as a unit within the barrel liner 60. The

cable adaptor 110 is preferably formed with a radially
outwardly extending shoulder 114 near its forward end.
The annular ring 102 at the forward end 100 of cable

adjustor 96 rests against the shoulder 114 of cable

PCT/US88/03235

<y



WO 89/02316

10

15

20

25

-21-
adaptor 110 and is retained in place thereon by a
retaining ring 116.

The cable adjustment structure operates as
follows. In order to move the cable 64 forwardly, for
example, a lock nut 118, movable axially along the
externally threaded surface of cable adjustor 96, is
rotated out of engagement with the rearward surface of
the fixed nut 92. The cable adjustor 96 is then
rotated in one direction so that it moves axially with
respect to the fixed nut 92. When rotated, the cable
adjustor 96 is slidable with respect to the cable 64,
nut 92, cable adaptor 110 and the internal bore of
inlet sleeve 122 of mounting block 12. Thus an axial
movement of cable adjustdr 96 is transmitted to the
cable 64 via the connection between the annular ring
102 of cable adjustor 96 and the shoulder 114 and
retaining ring 116 of the cable adaptor 110. The
shoulder 114 and retaining ring 116 of cable adaptor
110 permit rotation of the cable adjustor 96 but
provide for axial movement of the cable adaptor 110,
and, in turn, the cable 64 and cablé liner 66, with
the cable adjustor 96. Mo;ement of the cable 64 and
cable liner 66 in the opposite, axial direction is
obtained by rotating the cable adjustor 96 in the
opposite direction.

Referring now to Figs. 3 and 4, enlarged

views are provided of the forward end of spray gun 10
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to illustrai:e the two extremes in the relative axial
positions of the particle deflector 88, pattern

adjustment sleeve 54 and nozzle 48. An important

feature of this invention involves axial adjustment of

the position of both the particle deflector 88 and
pattern adjustment sleeve 54 relative to one another

and relative to the discharge opening 52 of nozzle 48,

in order to obtain the desired width of the spray

pattern produced by coating particles emitted from the
discharge opening 52 of nozzle 48, and to optimize the

electrostatic charge imparted to such coating parti-

"cles for a given pattern width.

Pattern Adjustment

As descfibed above, the particle  deflector
88 is movable with the cable liner 66 and high voltage
cable 64 axially with respect to the discharge opening
52 in nozzle 48. The adjustinent sleeve 54 is also
axially adjustable along the forward end of spray gun
10 vira the sliding connection between its O-ring 58
and the outer surface of forward barrel member 38.
Both the particle deflector 88 and adjustment sleeve
54 contribute to the width of the spray pattern of
coating particles applied to an object to be coated,
and the contribution of each is dependent upon their
axial position.
| Referring to Fig. 3, the pattern adjusiment

sleeve 54 is moved to its rearwardmost position in

PCT/US88/03235
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which its forward end 55 is approximately flush with
the forward end 49 of nozzle 48. In this position,
none of the coating particles emitted from the dis-
charge opening 52 of nozzle 48 contact the inner wall
57 of adjustment sleeve 54, As a result, the width of
the spray pattern of such coating particles is entire-
ly dependent upon the axiai position of the particle
deflector 88 with respect to the discharge opening 52.

The particle deflector 88-controls pattern
width by altering the radial velocity of the powder
coating particles flowing through the powder flow path
91. The greater the radial velocity of the particles,
the wider the spray pattern. Changes in the particle
velocity are obtained by varying the radial dimension
125 of the powder flow path 91 between the particle
deflector 88 and nozzle 48. As the particle deflector
88 1is moved rearwardly, toward the nozzle 48, the
radial space or dimension 125 therebetween decreases
and this increases the radial velocity of the parti-
cles flowing through the powder flow path 91. On the
other hand, forward movement of the particle deflector
88 increases the radial dimension 125 and thus de-
creases particle velocity at constant flow rate.

It has been found that the flow of air-en-
trained powder coating particles past the deflector 88
creates an area of 1low preséure forwardly of the

deflector 88 which tends to draw or -suck powder

PCT/US88/03235
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coating particles emitted from the powder flow path 91

- inwardly. Coating particles moving past the deflector

88 at higher radial velocity are less affected by this
low pfessure area, hence the spray pattern produced is
wider than that of slower moving coating particles
which are drawn inwardly by such low pressure area to
a greater extent.

Referring now to Fig. 4,7the pattern adjust-
ment sleeve 54 is shown in its forwardmost position
wherein its forward end 55 is spaced beyond the
discharge opéning 52 in nozzle 48. 1In this position
of pattern adjustment sleeve 54,’the coating particles
flowing through the powder flow‘ path 91 between
particle deflector 88 and nozzle 48 impact the inner
wall 57 of paétern adjustment sleeve 54. This causes
the.coating particles to change direction and follow a

path generally parallel to the inner wall 57 of the

pattern adjustment sleeve 54, which, in turn, narrows -

the width of the resulting spray pattern of coating
particles on the object to be coated.

It is believed that the narrowing affect on
the particle spray'pattern provided by the adjustment
sieeve 54 is maximum with the a@justment sleeve 54 in
its forwardmost position relative to the nozzle 48 as

shown in Fig. 4. 1In this position, a relatively long

portion of the inner wall 57 of pattern adjustment

sleeve 54 comes into contact with the coating

PCT/US88/03235
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particles, and this contact tends to lessen thé
velocity of the coating particles and direct them
along a path substantially parallel to the inner wall
of the adjustment sleeve 54.

5 As the adjustment sleeve 54 is moved rear-
wardl§ relative to the particle deflector 88 and
discharge opening 52 of nozzle 48, the coating parti-
cles still impact the inner wall 57 of adjustment
sleeve 54 but for a shorter distance and for a shorter

10 period of time. The velocity of the coating particles
is reduced to a lesser extent in this case and they
tend to disperse radially outwardly from the forward
end of the pattern adjustment sleeve 54 rather than be
confined in a narrower path. _

15 The particle defléctor 88 also has an effect
on the width of the powder spray pattern of coating
particles with the pattern adjustment sleeve 54 in a
forward position. As discussed above, the coating
particles tend to form a narrower spray pattern when

20 they travel a longer distance along the inside wall 57
of the pattern adjustment sleeve 54. If the particle
deflector 88 is moved to its rearwardmost position
with the pattern adjustment sleeve 54 in its forward-
most position, the coating particles must travel a

25 substantial distance along the inner wall 57 of
adjustment sleeve 54 and this narrows the resulting

spray pattern. As the particle deflector 88 is moved
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forwardly relative to the nozzle 48 with the pattern
adjustment sleeve 54 in the same axial position, at
least a portion of the coatiﬁg particles emitted from
the powder flow path 91 between the nozzle 48 and
particle deflector 88 travel a shorter distance along
the inner wall 57 of adjustment member 54. As a
result, a wider spray pattern is formed on the object
to be coated.

Electrostatic Charging of Particles

In another aspect of this invention, tﬁe
axial position of the particle deflector 88 and
adjustment sleeve 54 relative to one another and
relative to the flared discharge opening 52 of nozzle
48 éffeéts the electrostatic charge applied to coating
particles emitted from the spray gun 10.

The charging electrode 90 carried by the
particle deflector 88 produces an electrostatic field
through which the coating particles pass as they are
emitted through the donut-shaped powder spray path 91
formed between the particle deflector 88 and nozzle
48. The electrostatic charge applied to the coating
particles is a function of the concentration of the
electrostatic field producéd by the charging electrode
90 in the_powdér spray path 91, and the residence time
of ﬁhe' coating particles within that electrostatic
field. "Concentration" of the electrostatic field

within the powder flow path 91 refers to concentration

n
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of ions therein, which, in turn, increases the number
of collisions between the ions and powder coating
particles to increase the electrostatic charge on the
particles.

5 The axial position of the particle deflector
88 relative to the nozzle 48 affects both the resi-
dence time of coating particles in the powder flow
path 91 therebetween, and the concentration of the
electrostatic field in the powder flow path 91.

10 Referring to Figs. 3 and 4, as the deflector 88 moves
rearwardly relative to the flared discharge opening 52
in nozéle 48 the radial dimension 125 of the powder
spray patﬁ 91 therebetween deé}eases. See Fig. 3.
For a given flow raﬁe, as the radial dimension 125 of

15 the powder flow path 91 between the particle deflector
88 and nozzle 48 decreases, the velocity of the
coating particles increases and therefore the resi-
dence time of the coating particles within the elec-
trostatic field produced by the charging electrode 90

20 is reduced. At the same fime, the concentration of
the electrostatic field in ® particle flow path 91
increases as its radial dimension 125 decreases.

On the -other hand, as the particle deflector
88 is moved axially forwardly, thus increasing the

25 radial dimension 125 of the powder flow path 91

between particle deflector 88 and the nozzle 48, the

velocity of the coating particles moving therethrough
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decreases at constant flow rate. But the concentra-

tion of the electrostatic field decreases across this

powder flow path 91 of increased radial dimension 125.

In the preferred embodiment, the particle
deflector 88 is therefore positioned an appropriate
axial'distance from the flared discharge opening 52 in
nozzle 48, depending upon the requirements of a
particular application, to obtain the desired balance
between particle velocity and electrostatic field
conéentration for optimum charging of coating parti-
cles flowing through the particle flow path 91.

The axial position of the adjustment sleeve
54 relative to the charging electrode 90 also contrib-
ﬁtes to the concentration of the electrostatic field

foi charging the coating particles. The pattern

adjustment sleeve 54 provides an electrostatic shield

between the electrode 90 and charged coating particles
produced thereat, and objects in the environment of
the spray gun 10 which are at ground potential or a
substantiallj different potential than the electrode
90. As discussed above, corona current paths can be
developed between grounded or differently charged
objects and the eléctrode 90 in the event charged
coating particles in the vicinity of the electrode 90
are allowed to be attracted to such charged objects.
This reduces the available electrical energy for

charging at the electrode 90 by parasitic discharge.

PCT/US88/03235
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As the pattern adjustment sleeve 54 is moved
forwardly relative to the electrode 90, it functions
to increase the concentration of the electrostatic
field produced in the powder flow path 91. This is
5 because the pattern adjustment sleeve 54 progressively
covers up or shields the electrode 90 from any periph-
eral objects at ground potential or a substantially
different potential than electrode 90. The effective-
ness of adjustment sleeve 54 as an eléctrostatic
10 shield is dependent upon .the extent to which it
shields or covers the electrode 90 and charged coating
particles produced thereat.

Although increased concentration of the
electrostatic field produced by electtode 90 1is
15 obtained with the adjustment sleeve 54 in a forward-
most position, this has the effect of producing a
relatively narrow spray pattern of coating particles
on the object to be coated, as described above. In
order to increase the width of the spray pattern, the
20 pattern adjustment sleeve 54 must be moved rearwardly
relative to the particle deflector 88. In turn, this
reduces the effectiveness of the pattern adjustment
sleeve 54 in shielding the electrode 90 from peripher-

al objects at different or ground potential.
25 The relative positioning of the pattern
adjustment sleeve 54 and particle deflector 88 thus

involves trade-offs between the width of the spray
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pattern desired, and the concentration of the electro-
static field required to impart an appropriate elec-
trostatic charge to the coating particles. Because
both the pattern adjustment sleeve 54 and particle
deflector 88 are axially adjustable, a great deal of
flexibility is provided with the spray gqun 10 to
optimize the coverage of coating particles on an
obﬁect to be coated.

While the invention has been described with
reference to a preferred embodiment, it will be
understood by those skilled in the art that various
éhanges may be made and equivalents may be subsﬁituted
for elements thereof without departing from the scope
of the invention. In addition, many modifications may
be made to adapt a particular situation or materitl to
the teachings.of the invention without departing from
the essential scope thereof. Therefore, it is intend-
ed that the invention not be limited to the particular
embodiment disclosed as the best mode contemplated for
carrying out thiérinvention, but that the invention
will include all embodiments falling within the scope

of the appended claims.

PCT/US88/03235
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What is claimed is:

1. An electrostatic spray coating apparatus for
spraying particulate powder coating particles, com-
prising:
a spray device formed with a forward end and
5 a powder flow passageway, said powder flow passageway
being formed with a discharge opening at éaid forward
end of said spray device for emitting particulate
powder coating particles;
an electrode mounted to a particle deflec-
10 tor, said particle deflector and electrode being
moﬁnted in the path of particulate powder coating
particles emitted from sa;d discharge opening of said:
spray device;
means for axially moving said particle
15 deflector and electrode relative to said discharge
opening in said spray device;
electrostatic shielding means carried on
said forward end of said spray device for shielding
said electrode from objects having a different elec-
20 trical potential than said electrode, said electro-
static shielding means being axially movable along
- said forward end of said spray device relative to said
particle deflector and electrode and relative to said

discharge opening of said spray device.
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2. The electrostatic spray coating apparatus of

claim 1 in which said electrostatic shielding means
comprises a pattern adjustment sleeve slidably mounted
upon said forward end of said gun barrel, said pat-
tern-shaping sleeve being axially movable along said
gun barrel relative to said electrode of said deflec-
tor between a first position wherein at least a
pbrtion of said patterh adjustment sleeve is posi-
tioned radially outwardly from and forward of at least
a portion of said electrode, and a second position
wherein said pattern adjustment sleeve is spaced

rearwardly of said electrode.

PCT/US88/03235
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3. An electrostatic spray coating apparatus for
spraying particulate powder coating particles, com=-
prising:
a spray gun having a gun barrel formed with
5 a forward end and a powder flow passageway, said
powder flow passageway being formed with a discharge
opening at said forward end of said gun barrel for
emitting particulate powder coating particles;
a cable assembly inserted within said powder
10 flow passageway in said spray gun, said cable assembly
including a tube having a hollow interior and a high
voltage electrostatic cable secured within said hollow
interior of said tube;
an electrode mounted to a particle deflec-
15 tof, said electrode being connected t; said high
voltage electrostatic cable, said particle deflector
and electrode being mounted on said tube in the path
of particulate powder coating particles emitted from
said discharge opening of said spray device, said
20 electrode producing an electrostatic field for impart-
ing an electrostatic charge to the particulate powder
coating particles emitted from said discharge opening;
cable adjustment means for axially moving
said cable assembly within said powder flow passage-
25 way, said particle deflector being movable axially
relative to said discharge opening in response to

axial movement of said cable assembly;
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electrostatic shielding means carried on

said forward end of said gun barrel for shielding said
electrode from objects having a different electrical
potential than said electrode, said electrostatic

shielding means being axially movable along said

- forward end of said gun barrel relative to said

particle deflector and electrode and relative to said

discharge -opening of said spray device.

PCT/US88/03235
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4, The electrostatic spray coating apparatus of

claim 2 in which said electrostatic shielding means
comprises a pattern adjustment sleeve slidably mounted

upon said forward end of said gun barrel, said pat-

5 tern-shaping sleeve being axially movable along said
gun barrel relative to said electrode of said deflec-

tor between a first position wherein at least a
portion of said péttern adjustment sleeve is posi-
tiongd radially outwardly from and forward of at least

10 a portion of said electrode, and a second position
wherein said pattern adjustment sleeve 1is spaced

rearwardly of said electrode.
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5. -The method of varying the width of a spray

pattern of particulate powder coating particles

- emitted from a discharge opening formed in a spray

device, comprising:
mounting a particle deflector in the path of

coating particles emitted from the discharge opening

formed in the nozzle of a spray device, said particle

deflector being axially spaced from said discharge
opening in said nozzle;

moving said particle deflector axially
relative to said discharge opening in the nozzle to
vary the axial space therebetween;

mounting a sleeve on said barrel of said
powder spray gﬁn, said sleeve being radially outwardly
spéced frdm said'particle deflector;

moving said sleeve axially relative to said
deflector to position said sleeve at different loca-
tions relative to said axial space formed between said

deflector and said discharge opening to deflect

particulate powder coating particles moving there-

through.

6. The method of claim 5 in which said step of

moving said particle deflector further comprises

‘simultaneously maintaining said sleeve in a fixed

axial position.

PCT/US88/03235
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7. The method of claim 5 in which said step of
moving said sleeve further comprises simultaneously

maintaining said particle deflector in a fixed axial

position.

8. The method of claim 5 in which said step of
moving said sleeve comprises maintaining said deflec~
tor in a fixed axial position relative to said dis-
charge opening in said nozzle and moving said sleeve
5 axially away from said deflector and said discharge
opening to decrease the width of the spray pattern of
particulate powder coating particles emitted from said

discharge opening.

9. The method of claim 5 in which said step of
moving said sleeve comprises maintaining said deflec-
tor in a fixed axial position relative to said dis-
charge opening in said nozzle and moving said sleeve
5 axially toward from said deflector and said discharge
opening to increase the width of the spray pattern of

particulate powder coating particles emitted from said

discharge opening.
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10. The méthod of claim 5 in which said step of
moving said deflector comprises maintaining said
sleeve in a fixed, outermost axial position relative
to said discharge opening in said nozzle and moving
said deflector axially away from said discharge
opening to increase the width of the spray pattern of
particulate powder coating particles emitted from said

discharge opening.

11. The method of claim 5 in which said step of
moving said deflector comprises maintaining said
sleeve in a fixed, outermost axial position relative
to said discharge opening in said nozzle and moving
said deflec-:toz’:' axially toward said discharge opening
to decrease the width of tﬂe spray pattern of particu-
late powder coating particles emitted from said

discharge opening.

PCT/US88/03235
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12, The method of varying the concentration of
an electrostatic field produced in the path of coating
particles emitted from a discharge opening formed in a
spray device, comprising:

5 mounting a particle deflector carrying an
electrode axially in the path of coating particles
emitted from the discharge opening of a spray device,
the coating particles passing through én electrostatié
field produced by said electrode within a powder flow

10 path defined by the axial space bétween said deflector
and said discharge opening;
moving said deflector and electrode axially
relative to said discharge opening to vary said axial
space therebetween, the concentration of said electro-
15 static field throughout the cross section of said
powder flow path defined by said axial space varying
as said axial space varies;
mounting a sleeve on said barrel of said
powder spray gun, said sleeve being radially outwardly
20 spaced from said deflector and electrode;
moving said sleeve axially relative to said
deflector and electrode to place said sleeve in
varying positions between said electrode and objects
having a different electrical potential than said
25 electrode, the concentration of said electrostatic

field varying with the extent to which said sleeve
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electrostatically shields said electrode in each of

said varying positions.
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13. The method of claim 12 in which said step of
moving said sleeve comprises maintaining said deflec-
tor and electrode in a fixed axial position relative
to said discharge opening and moving said sleeve
5 axially away from said discharge opening to increase
the effectiveness of said sleeve in electrostatically
shielding said electrode from objects having different
electrical potential and thereby increasing the
concentration of said electrostatic field produced by

10 said electrode.
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