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(57) Abréegée/Abstract:

A bell cup Iincludes an Interior defined by an axially rearward metal back region, an axially forward metal discharge edge, and a
metal side region extending from the back region toward the discharge edge and terminating at the discharge edge. The back
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(57) Abrege(suite)/Abstract(continued):

region Includes a port having a forward end through which coating material to be atomized is supplied to the interior, and a metal
Intermediate portion between the forward end and the side region. The intermediate portion Is oriented axially further away from the
discharge edge than the forward end Is axially from the discharge edge.
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ABSTRACT

A bell cup includes an mterior defined by an axially rearward metal
back region, an axially forw.';u'd metal discharge edge, and a metal side Te gion
extending from the back region toward the discharge edge and termimating at the
discharge edge. The back region includes a port having a forward end through v'vhich
coating material to be atomized 1s supplied to the interior, and a metal mtermediate
portion between the forward end and the side region. The intermediate portion is

oriented axially further away from the discharge edge than the forward end 1s axially

from the discharge edge.
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METHOD AND APPARATUS FOR REDUCING
COATING BUILDUP ON FEED TUBES

FIELD OF THE INVENTION

The present invention relates to atomizers used in electrostatic coating

- systems and particularly, to atomizers having rotating bell cups and feed tubes that
deliver liquid coating material to the bell cups. More particularly, the present
invention relates to methods and apparatus for reducing coating buildup on feed tubes

of rotary atomizers.

BACKGROUND OF THE INVENTION

Electrostatic coating systems having bell cups that rotate at high speeds
to atomize liquid coating material are known. In some electrostatic coating systems,
liquid coating matenal 1s fed onto a concave inner surface of the rotating bell cup
through a feed tube that extends along the ax1s of rotation of the bell cup. Forces
created by the rotating bell cup act on the liquid coating material causing a film of
coating matenal to be formed over the concave mner surface of the bell cup. The film
of coating material flows along the mner surface of the bell cup toward a forward,
discharge edge of the bell cup and a voltage source electrostatically charges the

- flowing film of coating material. At the discharge edge of the rotating bell cup, the
film of coating matenal i1s discharged as an electrostatically charged mist which 1s
directed toward an oppositely-charged object to be coated.

It 1s desirable for electrostatic coating systems to apply an even coating
of material to the objects being coated. However, in some conventional electrostatic
coating systems, clumps of partially dried coating material build up on the end of the
feed tube adjacent the rotating bell cup. From time to time, the built up paint drops
from the end of the feed tube onto the rotating bell cup and 1s flung onto an object

being coated and creating a defect in the coating which needs to be buffed, or
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otherwise removed from, the object during rework operations performed subsequent

to the coating process. It 1s therefore, desirable to reduce paint buildup on the ends of

feed tubes of rotary atomaizers.

DISCLOSURE OF THE INVENTION

According to one aspect of the invention, a rotary atomizer includes a
shaft rotatable about an axis and a bell cup coupled to the shaft. The shaft has a
passageway extending longitudinally along 1t. The bell cup has an mnterior defined by

“an axially rearward metal back region, an axially forward metal discharge edge, and a

metal side region extending from the back region toward the discharge edge and
terminating at the discharge edge. The back region includes a port having a forward
end. The back region includes an intermediate portion between the forward end and
the side region. The mtermediate portion 1s onented axially further away from the
discharge edge than the forward end is axially from the discharge edge. A feed tube
is oriented 1n the passageway and has a discharge end through which liquid coating
material 18 discharged.

[Nustratively according to this aspect of the invention, the back region,
discharge edge and side region are all constructed from the same metal.

[llustratively according to this aspect of the mvention, the metal back
region, metal discharge edge and metal side region are all aluminum.

Alternatively illustratively according to this aspect of the invention, the
metal back region, metal discharge edge and metal side region are all titamum.

[llustratively according to this aspect of the invention, the discharge
end is oriented axially forward of the mtermediate portion.
| E Altematively illustratively according to this aspect of the invention, the
discharge end 1s substantially coplanar with the forward end.

[lustratively according to this aspect ot the invention, the port includes

a somewhat frustoconical surface having a base oriented adjacent the intermediate

portion.

Further 1illustratively according to this aspect of the mvention, the

apparatus includes a high-magnitude potential supply coupled to the rotary atomizer

for providing electrical charge to coating material discharged from the discharge edge.
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According to another aspect of the invention, a bell cup 1s provided for
attachment to the shaft of a rotator to be rotated by the rotator to atomize coating
material supplied to an interior of the bell cup. The bell cup includes an interior -
defined by an axially rearward metal back region, an axially forward metal discharge

edge, and a metal side region extending from the back region toward the discharge

edge and terminating at the discharge edge. The back region mcludes a port having a
forward end through which coating material to be atomized 1s supplied to the nterior.
The back region includes an intermediate portion between the forward end and the
side region. The intermediate portion 1s oriented axially further away from the
discharge edge than the forward end 1s axially from the discharge edge.

[Hustratively according to this aspect of the invention, the back region,
discharge edge and side region are all constructed from the same metal.

[1lustratively according to this aspect of the invention, the metal back
region, metal discharge edge and metal side region are all alummum. .

Alternatively 1llustratively according to this aspect of the invention, the
metal back region, metal discharge edge and metal side region are titanium.

Further illustratively according to this aspect of the invention, a teed
tube is provided for supplying coating matenal to the mtenior. The feed tube has a
discharge end substantially coplanar with the forward end. Liquid coating matenal 1s
discharged through the discharge end.

According to another aspect of the invention, a method of atomizing
coating material includes providing a bell cup having an interior defined by an axially

rearward metal back region, an axially forward metal discharge edge, and a metal side

region extending from the back region toward the discharge edge and terminating at

the discharge edge. The back region includes a ﬁort having a forward end. The back
region includes an intermediate portion between the forward end and the side region.
The intermediate portion is oriented axially further away from the discharge edge than
the forward end is axially from the discharge edge. The method further includes
rotating the bell cup about a rotational axis and feeding liquid coating materal to the
port.

Ilustratively according to this aspect of the invention, providing a bell
cup having an interior defined by an axially rearward metal back region, an axially

forward metal discharge edge, and a metal side region mncludes providing a bell cup
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having an interior defined by an axially rearward back region, an axially forward
discharge edge, and a side region, all of the same metal.

[lustratively according to this aspect of the invention, providing a bell
cup having an interior defined by an axially rearward metal back region, an axially
forward metal discharge edge, and a metal side region includes providing a bell cup

having an interior defined by an axially rearward aluminum back region, an axially

forward aluminum discharge edge, and an aluminum side region.

Alternatively illustratively according to this aspect of the mvention,
providing a bell cup having an interior defined by an axially rearward metal back

region, an axially forward metal discharge edge, and a metal side region mcludes

providing a bell cup having an interior defined by an axially rearward titammum back
region, an axially forward titaninum discharge edge, and a titanmum side region.

[llustratively according to this aspect of the mvention, feeding hiquid
coating material to the port includes feeding liquid coating matenal to the forward
end.

[lustratively according to this aspect of the invention, providing a back
region including a port having a forward end includes providing a bell cup having a
somewhat frustoconical surface having a base oriented adjacent the intermediate
portion.

Further illustratively according to this aspect of the invention, the

method includes providing electrical charge to coating material discharged from the

discharge edge.

According to another aspect of the invention, a method of atomizing
coating material mcludes providing a rotator having an output shaft rotatable about an
ax1s, providing a passageWay extending longinldinally along the shaft and coupling a
bell cup to the shaft. An interior is defined in the bell cup. The interior has an axially
rearward metal back region including a port having a forward end, an axially forward
metal discharge edge, and a metal side region extending from the back region toward
the discharge edge and terminating at the discharge edge. A metal intermediate
portion is provided on the back region between the forward end and the side region.

The metal intermediate portion is oriented axially further away from the discharge

edge than the forward end is axially from the discharge edge. A feed tube 1s provided

in the passageway. The feed tube terminates at a discharge end substantially coplanar
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with the forward end. Liquid coating materal 1s discharged through the discharge
end.

Illustratively according to this aspect of the mvention, defining in the
bell cup an interior having a metal back region, a metal discharge edge, and a metal
side region, ahd providing on the back region a metal mtermediate portion includes
defining in the bell cup an interior having a back region, a discharge edge, and a side
region, and providing on the back region an intermediate portion, all of the same
metal.

[lustratively according to this aspect of the mvention, defiming in the
bell cup an interior having a metal back region, a metal discharge edge, and a metal

side region, and providing on the back region a metal intermediate portion between

the forward end and the side region includes defining in the bell cup an interior
having an aluminum back region, an aluminum discharge edge, and an aluminum side
region, and providing on the back region an aluminum intermediate portion.

Alternatively illustratively according to this aspect of the invention,
defining in the bell cup an interior having a metal back region, a metal discharge
edge, and a metal side region, and providing on the back region a metal intermediate
portion between the forward end and the side region mcludes defining 1n the bell cup
an interior having a titaninum back region, a titaninum discharge edge, and a
titaninum side. region, and providing on the back region a titamnum intermediate
portion.

Illustratively according to this aspect of the invention, defining 1n the
bell cup an interior having an axially rearward back region including a port having a
forward end and an mntermediate porti.on between the forward end and the side region
;nd (;iented axially further away from the diécharge edge than the forward end
includes providing a somewhat frustoconical surface having a base oriented adjacent
the intermediate portion.

Further illustratively according to this aspect of the ivention, the

method includes providing electrical charge to coating matenal discharged from the

discharge edge.

According to another aspect of the invention, a method of dispensing
coating material includes providing a bell cup having an axis of rotation, rotating the

bell cup about its axis, and feeding coating material to the forward end. The bell cup
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has an interior including an axially rearward metal back region, an axially forward

metal discharge edge, and a metal side region extending from the back region toward
the discharge edge and termunating at the discharge edge. The back region includes a
port having a forward end through which coating matenal to be atomized is supplied
to the interior. The back region includes a metal intermediate portion between the
forward end and the side region and onented axially further away from the discharge
edge than the forward end 1s axially from the discharge edge.

[1lustratively according to this aspect of the invention, defining in the
bell cup a h‘letal back region, a metal discharge edge and a metal side region, and
including in the back region a metal mtermediate portion includes defining i the bell
cup a back region, a discharge edge, and a side region and mcluding 1 the back
region an mtermediate portion, all of the same metal.

[llustratively according to this aspect of the mmvention, defining in the
bell cup a metal back region, a metal discharge edge and a metal side region, and
including m the back region a metal mtermediate portion includes defiming in the bell
cup an aluminum back region, an alumimum discharge edge and an aluminum side
region, and including in the back region an aluminum mtermediate portion.

Altematively illustratively according to this aspect of the invention,
defining in the bell cup a metal back region, a metal discharge edge and a metal side

region, and including in the back region a metal intermediate portion cludes

defining in the bell cup a titaninum back region, a titaninum discharge edge and a
titaninum side region, and including in the back region a titaninum intermediate

portion.

[llustratively according to this aspect of the invention, feeding coating
matel-'i“al to the forward end includes feeding coating material through a feed tube
having a discharge end substantially coplanar with the forward end, and discharging
the liquid coating material through the discharge end.

Further illustratively according to this aspect of the invention, the
method includes providing electrical charge to coating material discharged from the
discharge edge..

According to another aspect of the invention, apparatus for atomizing

coating material includes bell cup means, means for rotating the bell cup means about

a rotational axis and means for feeding liquid coating matenal to the port. The bell
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cup means define an interior mncludmg an axially rearward metal back region, an

axially forward metal discharge edge, and a metal side region extending from the back

region toward the discharge edge and terminating at the discharge edge. The back
region includes a port having a forward end. The back region includes a metal
5 intermediate porfion between the forward end and the side region. The intermediate
portion is oriented axially further away from the discharge edge than the forward end
1s axially from the discharge edge.

According to another aspect of the invention, apparatus for atomizing
coating material includes bell cup means, means for rotating the bell cup means about
10 1ts axis and means for coupling the bell cup means to the means for rotating the bell
cup means. The bell cup means defines an interior having an axially rearward metal
back region including a port having a forward end, an axially forward metal discharge
edge, a metal side region extending from the back region toward the discharge edge
and terminating at the discharge edge, and a metal intermediate portion between the
15  forward end and the side region and oriented axially further away from the discharge
edge than the forward end 1s axially from the discharge edge. The means for rotating
the bell cup means has an output shaft rotatable about an axis. The means for
coupling the bell cup means to the means for rotating the bell cup means mncludes the
output shaft. The output shaft has a passageway extending longitudinally along the
20  output shaft. Means are provided in the passageway for supplying coating matenal to
| the interior. The means for supplying coating material terminates at a discharge end

substantially coplanar with the forward end.
According to another aspect of the invention, apparatus for dispensing
- coating material includes bell cup means, means for rotating the bell cup about its
25  axis, and means for feeding coating matenal to the forward end. The bell cup means
defines an axis of rotation and an interior including an axially rearward metal back
region, an axially forward metal discharge edge, and a metal side region extending
from the back region toward the discharge edge and terminating at the discharge edge.
The back region includes port means having a forward end through which coating
30  material to be atomized is supplied to the interior. The back region further icludes

an intermediate portion between the forward end and the side region and onented

axially further away from the discharge edge than the forward end 1s axially from the

discharge edge.
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BRIEF DESCRIPTION OF THE DRAWINGS

The detailed description particularly refers to the accompanying
figures 1n which: .

Fig. 1 1llustrates a perspective view of a forward end of a rotary
atomizer showing a bell cup in accordance with the present disclosure oriented at a
forward opening of a cover that shrouds components of the atomizer that are situated
behind the bell cup;

Fig. 2 1llustrates an exploded perspective view of the forward end of
the rotary atomizer of Fig. 1, without the cover, showing the bell cup removed from
the output shaft of the rotary atomizer and showing a feed tube extending from a
longitudinal passageway provided in the shaft;

Fig. 3 illustrates a fragmentary partial sectional view through the axis
of the rotary atomizer of Fig. 1, showing the bell cup mounted on a forward end of the
shaft, a forward end of the feed tube extending into a passageway through the center
of the bell cup;

Fig. 4 1llustrates an enlarged fragmentary sectional view of the forward
end of the feed tube and a portion of the bell cup as illustrated i Fig. 3 showing
coating matenal being discharged from a discharge end of the feed tube which 1s
substantially coplanar with the surrounding region of the bell cup;

Fig. 5 illustrates an enlarged fragmentary sectional view of an another

embodiment of a portion of the bell cup; and,

Fig. 6 illustrates an enlarged fragmentary sectional view of an another

_embodiment of a portion of the bell cup.

DETAILED DESCRIPTION OF THE DRAWINGS

Referming to Fig. 1, a forward end of a rotary atormizer 10 includes a

bell cup 12 that 1s oriented adjacent a forward opening of a shroud 14 of atomizer 10
as illustrated in Fig. 1. (It should be noted that the bell cup 12 1illustrated in the
drawings 1s 1llustrated without its splash plate, in order to sumphfy the drawings and
illustrate the mvention more clearly.) Shroud 14 covers many of the components of
atomizer 10 which are situated m the region adjacent the discharge edge of the bell

cup 12. Atommzer 10 further includes a rotator (not shown), typically a compressed
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alr turbine, having an output shaft 16. A passageway 18 extends longitudinally
through shaft 16. Atomizer 10 further includes a feed tube 22 which extends
longitudinally within passageway 18 and from passageway 18 as best illustrated in

Figs. 2 and 3. The open front end 32 of feed tube 22 1s oriented in a passageway 24 in

bell cup 12. The clearance between the front end 32 of feed tube 22 and passageway

24 must be sufficiently narrow to minimize the likelihood that liquid coating material
26 will wick back along the clearance. The necessary clearance will depend on
parameters such as, for example, the surf‘éce tension of the material 26.

Referming particularly to Fig. 4, liquid coating material 26 fed to the
rear end of feed tube 22 flows out of the open front end 32 of feed tube 22 onto an
inner surface 28 of bell cup 12. As the shaft 16 on which bell cup 12 1s mounted
rotates, the material 26 1s torced radially outward and forward along the inner surface
28 of the bell cup 12, forming a film. The material 26 in the film flows across inner
surface 28 from the front end of passageway 24 toward a discharge edge 30 at the
front end of bell cup 12. A high-magnitude electrostatic potential source 29,
1Hlustrated diagrammatically in Fig. 3, coupled to bell cup 12 charges the matenal 26
in the film as 1t flows across surface 28. At discharge edge 30 of bell cup 12, matenal

26 1s discharged as an electrostatically charged mist of coating matenal particles. The

charged particles are attracted toward, for example, grounded objects to be coated.
U.S. Patent Nos. 6,230,993; 6,076,751; 5,662,278; 5,622,563; 5,433,387; and
4,943 005 further describe this process. ' |

According to this invention, certain features of the shape and matenals
from which the mner surface 28 of bell cup 1s fabricated, and the onentation of feed
tube 22 cooperate to reduce the buildup of coating matenal around the discharge
opening 32 of feed tube 22. Inner surface 28 is metal, illustratively a smgle metal,
and 1llustratively titanium or aluminum. As best illustrated 1n Fig. 3, inner surface 28
includes a first region 34 that extends radially outwardly and rearwardly from the
front end of passageway 24, a second region 36 that extends generally radially
outwardly from first region 34, and a third region 38 that extends generally radially
outwardly and forwardly from second region 36 to discharge edge 30. Bell cup 12
includes a back wall 40 mcluding a portion 42 that provides first region 34 of mnner
surface 28 and an mtermediate portion 44 that provides second region 36 of inner

surface 28. Bell cup 12 also has a sidewall or region 46 extending forwardly from
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back wall 40 and radially outwardly from the axis 20 of rotation, and a coaxial
coupling collar 48 extending rearwardly from back wall 40. Sidewall 46 terminates at
discharge edge 30.

Discharge end 32 of feed tube 22 1s substantially coplanar with a
forwardly projecting end 50 of first region 34 as best illustrated in Figs. 3 and 4.
[llustratively, the discharge énd 32 of feed tube 22 terminates within about .020;’
(about .5 mm or so) forward of the forwardly projecting end 50 of first region 34 to
flush with the forward end 50, with best performance appeanng to be achieved when
the discharge end 32 terminates about .005” (about .1 mm or so) forward of end 50 to
flush with end 50. The radially extending portion of surface 28 associated with

~ second region 36 1s substantially planar, as illustrated at 60, and is offset rearwardly

from forward end 50 by a distance 52 as best illustrated in Fig. 3. The portion
of surface 28 associated with first region 34 is somewhat frustoconical, as

illustrated at 62. The phrase "frustoconical" is meant to include shapes that are

15

20

25

30

frustoconical as 1llustrated 1n Fig. 5, forwardly concave as illustrated in Figs. 1-4, and
forwardly convex as illustrated in Fig. 6. As best illustrated in Figs. 3 and 4, the
somewhat frustoconical portion of surface 28 associated with first region 34 1s slightly
concave and blends smoothly mnto the portion of surface 28 associated with second
region 36. Although portion 42 1s illustrated in Figs.r?) and 4 as being a separate insert
that 1s press fitted into mtermediate portion 44 of back wall 40, it 1s within the scope
of this disclosure for back wall 40 to be formed so that portion 42 is integral with
mtermediate portion 44. It should also be understood that beil cup 12 need not be
made from a smgle metal or even completely from metal, as long as surface 28 is a
metal surface.

The portién of illustrative surface 28 associated with third region 38
includes a substantially frustoconical surface 54, a stepped region 56 axially forward
of, and radially outward from, surface 54, and a somewhat frustoconical surface 58
axially torward of region 56 as illustrated in Figs. 1-3. In the illustrative embodiment,
somewhat frustoconical surface 58 1s slightly forwardly concave. A forwardly
opening, circular groove 64 1s formed between surface 60 of region 36 and surface 54
ot region 38 as best illustrated 1n Fig. 3. In other embodiments, groove 64 can be
omitted. In such embodiments, surface 60 extends radially outwardly to, and blends

smoothly into, surface 54. Although mmtermediate portion 44 of wall 40 is illustrated

10
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as bemg formed integrally with sidewall 46, it 1s also within the scope of this
disclosure for intermediate portion 44 to be formed separately from wall 46 and
attached thereto.

Portion 42 has a generally planar back surface 66. Passageway 24 is
generally right circular cylindrical in configuration, as 1llustrated at 68, and extends
through portion 42 between back surface 66 and front end 50. ‘ Intermediate portion
44 has a back surface 70 that, in the illustrative embodiment, 1s coplanar with surface
66 of portion 42. Feed tube 22 has a first outer, nght circular cylindncal surface 72, a
second outer, right circular cyl.indﬁcal surface 74,‘\and a generally radially extending
shoulder surface 76 joining surfaces 72, 74 as best illustrated 1 Fig. 3. Feed tube 22
further has an inner, right circular cylindrical bore 78 defiming a passageway 80
through feed tube 22. Shaft 16 has an mner, night circular cylindrical surface 82
defining passageway 18. An annular space is defined between surfaces 68, 72.
Similarly, an annular space is defined between surfaces 74, 82. Surfaces 68, 72, 74,
78. 82 are coaxial with axis 20. Feed tube 22 is stationary, while shaft 16 and bell cup
12 rotate during coating operations.

Coupling collar 48 of bell cup 12 has an outer, generally right circular
cylindrical surface 86 that extends rearwardly from sidewall 46 to a rear end 34 as
best illustrated in Figs. 2 and 3. Coupling collar 48 further includes a tapered bore 90
that extends forward from rear end 84, and termimates 1n a threaded section 88, as best
illustrated in Fig. 3. Tapered bore 90 is formed to include a plurality of circular
grooves 92. Shaft 16 has a complementary threaded end 94 and tapered outer surface

96 extending rearwardly from front region 94 as best illustrated mn Fig. 2. In the

illustrative embodiment, the diameter of outer cylindrical surface 86 of coupling

collar 48 is smaller than the diameter of discharge edge 30.

Coupling collar 48 is formed to nclude a pair of generally
diametrically opposed flats 98 adapted to be engaged by a tool, such as a wrench,
during mounting of bell cup 12 on, and removal of bell cup 12 from, shaft 16. To
mount bell cup 12 on shaft 16, shaft 16 is blocked from rotating about axis 20 while
bell cup 12 is rotated relative to shaft 16 so that threaded bore 88 of coupling collar 48
threads onto front region 94 of shaft 16. Bell cup 12 has an annular ndge 100 just
forward of threaded bore 88 that engages a front end 102 of shaft 16 to onient bell cup
12 properly on shaft 16 so that forward end 32 of portion 42 1s substantially coplanar

11
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with discharge end 32 of feed tube 22. As bell cup 12 1s threaded onto shaft 16, any
debris on front region 94 and tapered surface 96 can be accommodated 1n grooves 92.

As mentioned above, liquid coating matenal 26 1s fed from feed tube

22 onto inner surface 28 of rotating bell cup 12 and, owing to the rotation of bell cup

5 12, forms a film that flows across inner surface 28 to edge 30, from which
electrostatically charged particles of coating maternial are discharged. The flow of
coating material 26 as it exits discharge end 32 of teed tube 22 1s illustrated
diagrammatically m Fig. 4 with dashed arrows 104. When coating materal 26 first
exits feed tube 22, it flows substantially radially outwardly across .discharge end 32

10 and across the space defined between cylindrical surtace 72 of feed tube 22 and
cylindrical surface 68 of portion 472. The coating matenal 26 then flows radially
outwardly and axially rearwardly along surface 62 ot portion 42 toward surface 60 of
intermediate portion 44. The coating matenal 26 tlows radially outwardly along

surface 60 and then flows radially outwardly and axially forwardly along surfaces 54,

15 56, 58.

As previously noted, tests of the rotary atomizer 10 having illustrative
bell cup 12 and feed tube 22 demonstrated that coating material buildup on feed tube
22 is reduced as compared to prior art bell cup and teed tube configurations and
arrangements.

20 During a first test, the bell cup 12 was rotated at about 40,000
revolutions per minute (r.p.m.) and coéting material was fed through the feed tube 22
at about 260 cubic centimeters per minute (cc’/min). During a second test, the bell
cup 12 was rotated at about 40,000 r.p.m. and the coating material was fed through

_ the feed tube at a rate of about 500 cc’/min. The coating material 26 used during the

25  tests was E.I. DuPont de Nemours 694-AE590 bright white GW7. In addition, the
coating material 26 feed was triggered on for fifteen seconds, then off for five
seconds, repeated throughout the tests, each of which lasted between about five and
about ten minutes. Axis 20 was maintained horizontal in each test. Tests of several

prior art bell cups and feed tubes under the same test conditions resulted i more

30  coating material buildup on the ends of the respective feed tubes.

Although a certain illustrative embodiment has been described 1n detail

above, vanations and modifications exist within the scope and spint of this disclosure

as described and as defined n the following claims.
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WHAT IS CLAIMED IS:

1. A rotary atomizer including a shaft rotatable about an axis,
the shaft having a passageway extending longitudinally along the shaft, a bell cup
coupled to the shaft, the bell cup having an interior defined by an axially rearward
metal back region, an axially forward metal discharge edge, and a metal side
region extending from the back region toward the discharge edge and terminating
at the discharge edge, the back region including a port having a forward end, the
back region including an intermediate portion between the forward end and the
side region, the intermediate portion being oriented axially further away from the
discharge edge than the forward end 1s axially from the discharge edge, and a feed
tube oriented in the passageway and having a discharge end through which liquid
coating material is discharged.

2. The apparatus of claim 1 wherein the back region, dscharge
edge and side region are all constructed from the same metal.

3. The apparatus of claim 1 wherein the metal back region,
metal discharge edge and metal side region are all aluminum.

4. The apparatus of claim 1 wherein the metal back region,
metal discharge edge and metal side region are all titanium.

. The apparatus of claim 1 wherein the discharge end is
oriented axially forward of the intermediate portion.

6. The apparatus of claim 5 wherein the discharge end is
substantially coplanar with the forward end.

7. The apparatus of claim 5§ wherein the port includes a
frustoconical surface having a base oriented adjacent the intermediate portion.

8. The apparatus of claim 7 wherein the discharge end is
substantially coplanar with the forward end.

0. The apparatus of claim 1 further including a high-magnitude
potential supply coupled to the rotary atomizer for providing electrical charge to

coating material discharged from the discharge edge.
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10.  The apparatus of claim 1 wherein the port includes a
frustoconical surface having a base oriented adjacent the intermediate portion.

11. The apparatus of claim 1 wherein the discharge end is
substantially coplanar with the forward end.

12. A bell cup for attachment to a shaft of a rotator to be rotated
by the rotator to atomize coating material supplied to an interior of the bell cup,
the bell cup interior defined by an axially rearward metal back region, an axially
forward metal discharge edge, and a metal side region extending from the back
region toward the discharge edge and terminating at the discharge edge, the back
region including a port having a forward end through which coating material to
be atomized is supplied to the interior, the back region including an intermediate
portion between the forward end and the side region, the intermediate portion
being oriented axially further away from the discharge edge than the forward end
1s axially from the discharge edge.

13.  The apparatus of claim 12 wherein the back region,
discharge edge and side region are all constructed from the same metal.

14.  The apparatus of claim 12 wherein the metal back region,
metal discharge edge and metal side region are all aluminum.

15.  The apparatus of claim 12 wherein the metal back region,
metal discharge edge and metal side region are titanium.

16.  The apparatus of claim 12 further including a feed tube for
supplying coating material to the interior, the feed tube having a discharge end
substantially coplanar with the forward end, liquid coating material being
discharged through the discharge end.

17. A method of atomizing coating material, the method
including providing a bell cup having an interior defined by an axially rearward
metal back region, an axially forward metal discharge edge, and a metal side

region extending from the back region toward the discharge edge and terminating
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at the discharge edge, the back region including a port having a forward end, the
back region including an intermediate portion between the forward end and the
side region, the intermediate portion being oriented axially further away from the
discharge edge than the forward end is axially from the discharge edge, rotating
the bell cup about a rotational axis, and feeding liquid coating material to the port.

18.  The method of claim 17 wherein the bell cup having the
interior defined by the axially rearward metal back region, the axially forward
metal discharge edge, and the metal side region are all of the same metal.

19.  The method of claim 17 wherein the bell cup having the
interior defined by the axially rearward metal back region, the axially forward
metal discharge edge, and the metal side region are all of aluminium.

20.  The method of claim 17 wherein the bell cup having the
interior defined by the axially rearward metal back region, the axially forward
metal discharge edge, and the metal side region are all of titanium.

21.  The method of claim 17 wherein feeding liquid coating
material to the port includes feeding liquid coating material to the forward end.

22.  The method of claim 17 wherein the back region including
the port having the forward end has a frustoconical surface having a base oriented
adjacent the intermediate portion.

23. The method of claim 17 further including providing
electrical charge to coating material discharged from the discharge edge.

24. A method of atomizing coating material, the method
including providing a rotator having an output shaft rotatable about an axis,
providing a passageway extending longitudinally along the shaft, coupling a bell
cup to the shaft, defining in the bell cup an interior having an axially rearward
metal back region including a port having a forward end, an axially forward metal
discharge edge, and a metal side region extending from the back region toward the

discharge edge and terminating at the discharge edge, also providing on the back
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region a metal intermediate portion between the forward end and the side region

and oriented axially further away from the discharge edge than the forward end
1§ axially from the discharge edge, and providing in the passageway a feed tube,
terminating the feed tube at a discharge end substantially coplanar with the

forward end, and discharging liquid coating material through the discharge end.

25.  The method of claim 24 wherein the bell cup having the
interior having the axially rearward metal back region, the axially forward metal
discharge edge, the metal side region and the metal intermediate portion are all of
the same metal.

26.  The method of claim 24 wherein the bell cup having the
interior having the axially rearward metal back region, the axially forward metal
discharge edge, the metal side region and the metal intermediate portion are all of
aluminium.

27.  The method of claim 24 wherein the bell cup interior having
the axially rearward metal back region, axially forward metal discharge edge, the
metal side region and the metal intermediate portion are all of titanium.

28.  The method of claim 24 wherein the intermediate portion
between the forward end and the side region defines a frustoconical surface having
a base oriented adjacent the intermediate portion.

29. The method of claim 24 further including providing
electrical charge to coating material discharged from the discharge edge.

30. A method of dispensing coating material including providing
a bell cup having an axis of rotation, defining in the bell cup an interior including
an axially rearward metal back region, an axially forward metal discharge edge,
and a metal side region extending from the back region toward the discharge edge
and terminating at the discharge edge, including in the back region a port having
a forward end through which coating material to be atomized is supplied to the

interior, including in the back region a metal intermediate portion between the
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forward end and the side region and oriented axially further away from the
discharge edge than the forward end is axially from the discharge edge, rotating
the bell cup about its axis, and feeding coating material to the forward end.

31.  The method of claim 30 wherein the bell cup metal back
region, the metal discharge edge, the metal side region, and in the back region
metal intermediate portion are all of the same metal.

32.  The method of claim 30 wherein the bell cup metal back
region, the metal discharge edge, the metal side region, and the back region metal
intermediate portion are all of aluminium.

33. The method of claim 30 wherein the bell cup metal back
region, the metal discharge edge, the metal side region, and the back region metal
intermediate portion are all of titanium.

34.  The method of claim 30 wherein feeding coating material
to the forward end includes feeding coating material through a feed tube having
a discharge end substantially coplanar with the forward end, the coating material
being discharged through the discharge end.

35. The method of claim 30 further including providing
electrical charge to the coating material being discharged from the discharge edge.

36.  Apparatus for atomizing coating material, the apparatus
including bell cup means for defining an interior including an axially rearward
metal back region, an axially forward metal discharge edge, and a metal side
region extending from the back region toward the discharge edge and terminating
at the discharge edge, the back region including a port having a forward end, the
back region including a metal intermediate portion between the forward end and
the side region, the intermediate portion being oriented axially further away from
the discharge edge than the forward end is axially from the discharge edge, means
for rotating the bell cup means about a rotational axis, and means for feeding

liquid coating material to the port.
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37.  Apparatus for atomizing coating material, the apparatus
including bell cup means for defining an interior having an axially rearward metal
back region including a port having a forward end, an axially forward metal
discharge edge, a metal side region extending from the back region toward the
discharge edge and terminating at the discharge edge, and a metal intermediate
portion between the forward end and the side region and oriented axially further
away from the discharge edge than the forward end is axially from the discharge
edge, means for rotating the bell cup means about its axis, the means for rotating
the bell cup means having an output shaft rotatable about an axis, the output shaft
having a passageway extending longitudinally along the output shaft, means for
coupling the bell cup means to the output shaft, and means in the passageway for
supplying coating material to the interior, the means for supplying coating material
terminating at a discharge end substantially coplanar with the forward end.

38.  Apparatus for dispensing coating material including bell cup
means defining an axis of rotation and an interior including an axially rearward
metal back region, an axially forward metal discharge edge, and a metal side
region extending from the back region toward the discharge edge and terminating
at the discharge edge, the back region including port means having a forward end
through which coating material to be atomized is supplied to the interior, the back
region further including an intermediate portion between the forward end and the
side region and oriented axially further away from the discharge edge than the
forward end is axially from the discharge edge, means for rotating the bell cup

means about its axis, and means for feeding coating material to the forward end.
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