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(54) COATING METHOD AND COATING MACHINE

(57) A rotary atomizer (1) has a rotary atomizing head
(4) driven by an air motor (2) at a rotational speed of
4,000-5,000 rpm, for example. A coating material is sup-
plied to a central portion of the rotary atomizing head (4)
through a paint supply pipe (5). The atomizer (1) further
includes a supersonic horn (6) having a vibration plane
(6a) located adjacent to the outer circumferential perim-
eter of the rotary atomizing head (4). The vibration plane
(6a) is an inclined plane gradually increasing its diameter
forward. The coating material immediately after being
spattered from the outer circumferential perimeter of the
rotary atomizing head (4) is exposed to supersonic vi-
bration from the vibration plane (6a), and it is atomized
by the supersonic vibration to particles of a uniform grain
size. At the same time, the atomized coating material is
driven forward.
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Description

Technical Field

[0001] The present invention relates to a coating meth-
od and an atomizer, and more particularly to a coating
technique using supersonic vibration.

Background Art

[0002] Some types of atomizers are currently known.
They are (1) rotary atomizers configured to atomize a
coating material with a bell-shaped rotating member driv-
en at a high speed, (2) spray type atomizers configured
to atomize a coating material by expelling it together with
air from a nozzle, and (3) hydraulic atomizers configured
to atomize a compressed coating material by extruding
it from a minute opening.
[0003] Rotary atomizers, in general, have a
bell-shaped cup at one end of a rotary shaft of the main
body as disclosed in Japanese Patent Laid-open Publi-
cation JP-H03-101858-A (equivalent to Japanese Patent
No. 2600390), for example. A coating material supplied
to the bell-shaped cup from a paint supply pipe spreads
in form of a thin film along the inner surface of the
bell-shaped cup radially outwardly under the centrifugal
force, and it is next atomized while flying outwardly from
the outer circumferential perimeter of the bell-shaped
cup. Then, a shaping airflow drives the atomized coating
material forward toward a work to be coated.
[0004] A known problem with rotary atomizers is irreg-
ularity of the grain size of the atomized coating material.
Distribution of grain sizes includes two major peaks, i.e.,
one peak of a relatively large grain size and the other
peak of a relatively small grain size. Irregularity of the
grain size of the coating material invites instability of the
film quality and degradation of the deposition efficiency
of the coating material. This problem is known to occur
in spray type atomizers and hydraulic atomizers as well.

Disclosure of Invention

[0005] It is therefore an object of the invention to pro-
vide an atomizer capable of supplying an atomized coat-
ing material uniformed in grain size.
[0006] Another object of the invention is to provide an
atomizer capable of spraying a coating material without
air.
[0007] Still another object of the invention is to provide
an atomizer capable of reducing its optimum distance
from a work to assure quality coating on the work.
[0008] Yet another object of the invention is to provide
an atomizer capable of atomizing a coating material even
under a relatively low rotation speed.
[0009] Yet another object of the invention is to provide
a spray type atomizer capable of reducing the amount of
air discharged from a nozzle together with a coating ma-
terial.

[0010] Yet another object of the invention is to provide
an atomizer capable of atomizing a coating material by
using a spray type nozzle without assistance of air.
[0011] Yet another object of the invention is to provide
a hydraulic atomizer capable of atomizing a coating ma-
terial even under a relatively low hydraulic pressure.
[0012] Yet another object of the invention is to provide
an atomizer capable of easily adjusting the coating pat-
tern of an atomized coating material in size and shape.
[0013] To accomplish those objects, the present inven-
tion is essentially characterized in atomizing a coating
material by spattering the coating material into a form
easy to atomize from a material spattering means and
exerting supersonic vibration onto the coating material
just flying from the spattering means. The material spat-
tering means is typically a rotary atomizing head that cen-
trifugally spreads the coating material radially outwardly.
Alternatively, the material spattering means may be a
paint nozzle used in a conventional spray type atomizer.
Alternatively, the material spattering means may be a
material discharge opening capable of hydraulic atomi-
zation (hereafter referred to as a material discharge/hy-
draulic atomization opening) employed in a conventional
hydraulic atomizer.
[0014] In case the present invention is applied to an
atomizer having a rotary atomizing head, supersonic vi-
bration is preferably exerted forward in a region adjacent
to and around the outer circumferential perimeter of the
rotary atomizing head to reliably propel the atomized
coating material forward with the vibration energy. In
case the present invention is applied to an atomizer hav-
ing a paint nozzle, supersonic vibration is preferably ex-
erted diagonally forward from the area encircling the paint
nozzle toward a region adjacent to the paint nozzle to
concentrate the vibration energy onto the material just
expelled from the paint nozzle. Similarly, in case the
present invention is applied to a hydraulic atomizer, su-
personic vibration is preferably exerted diagonally for-
ward from the area encircling the opening toward a region
adjacent to a material discharge/hydraulic atomization
opening to concentrate the vibration energy onto the ma-
terial just expelled from the opening.
[0015] Those and other objects, features and advan-
tages of the present invention will become more apparent
from the following detailed description of the preferred
embodiments in conjunction with the accompanying
drawings.

Brief Description of Drawings

[0016]

Fig. 1 is a diagram showing an application of the
present invention to a rotary atomizer;
Fig. 2 is a diagram showing an application of the
present invention to a spray type or hydraulic atom-
izer;
Figs. 3A and 3B are diagrams for explaining aspects
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of atomization of a coating material by using a nozzle
of a conventional spray type atomizer without air, in
which Fig. 3A shows how a point P as the target of
supersonic vibration is determined, and Fig. 3B
shows a phenomenon that occurs when the super-
sonic vibration is concentrated to the point P;
Fig. 4 is a diagram for explaining the structure of a
significant part of a rotary electrostatic atomizer ac-
cording to the first embodiment of the invention;
Fig. 5 is a diagram for explaining the structure of a
supersonic horn used in the atomizer according to
the first embodiment;
Fig. 6 is a diagram for explaining the relation between
a vibration plane around a rotary atomizing head
(bell-shaped cup) of the rotary electrostatic atomizer
according to the first embodiment and the coating
pattern;
Fig. 7 is a diagram for explaining the structure of a
rotary electrostatic atomizer according to the second
embodiment of the invention;
Fig. 8 is a diagram for explaining the structure of a
vibrator used in the atomizer according to the second
embodiment;
Fig. 9 is a diagram for explaining the entire structure
of a coating system including electrostatic atomizers
according to an embodiment of the invention, which
is suitable for incorporation in a coating line of a ve-
hicle manufacturing process, for example;
Fig. 10 is a diagram for explaining another coating
system including electrostatic atomizers according
to an embodiment of the invention, which is suitable
for incorporation in a coating line of a vehicle man-
ufacturing process; and
Fig. 11 is a diagram for explaining a unit comprising
two lines of electrostatic atomizers used in the coat-
ing system shown in Fig. 10.

Best Mode for Carrying Out the Invention

[0017] Some preferred embodiments and specific ex-
amples of the invention will now be explained below in
detail with reference to the drawings.
[0018] The present invention is applicable to rotary at-
omizers, spray type atomizers and hydraulic atomizers.
These atomizers may be either electrostatic atomizers
configured to deposit an electrically charged coating ma-
terial onto a work held in a ground potential or other type
atomizers configured to deposit a non-charged coating
material onto a work. Furthermore, the invention is equal-
ly usable with any kind of coating materials, including
water-based paints, oil-based paints and metallic paints.
[0019] Fig. 1 shows an application of the invention to
a rotary atomizer. Fig. 2 is an application of the invention
to a spray type atomizer or a hydraulic atomizer.
[0020] With reference to Fig. 1, the rotary atomizer 1
includes an air motor 2 similarly to conventional atomiz-
ers. The air motor 2 is rotated by compressed air supplied
through an internal air passage 3, and a rotary atomizing

head 4 is driven by the air motor 2. The rotary atomizing
head 4 is typically a bell-shaped cup, but it may be
disk-shaped. An electric motor may be used instead of
the air motor 2. Rotational speeds of bell-shaped cups
in conventional rotary atomizers are normally as high as
50,000 rpm to 60,000 rpm. In the rotary atomizer accord-
ing to the invention, however, rotational speed of the ro-
tary atomizing head 4 may be reduced to as low as 4,000
rpm to 5,000 rpm.
[0021] The atomizer 1 further includes an internal paint
passage or paint supply pipe 5. A coating material is sup-
plied through the paint supply pipe 5 to a central portion
of the rotary atomizing head 4. The coating material hav-
ing reached the central part of the rotary atomizing head
4 spreads radially outwardly along the surface of the ro-
tary atomizing head 4 under a centrifugal force, and scat-
ters radially outwardly from the outer circumferential pe-
rimeter 4a of the rotary atomizing head 4. In the region
adjacent to the outer circumferential perimeter 4a of the
rotary atomizing head 4, the coating material is in a con-
dition easy to atomize. More specifically, although it de-
pends upon the rotational speed of the rotary atomizing
head 4, the coating material spattered from the rotary
atomizing head 4 is atomized through the form of a thin
layer or a number of filaments.
[0022] The rotary atomizer 1 further includes a cylin-
drical supersonic horn 6 having a vibration plane 6a lo-
cated adjacent to the outer circumferential perimeter 4a
of the rotary atomizing head 4. More specifically, the vi-
bration plane 6a of the supersonic horn 6 is preferably
located at a position where it can effectively impart su-
personic vibration to the filament-like coating material,
film-like coating material or coating material immediately
before being atomized. The vibration plane 6a of the su-
personic horn 6 vibrates with supersonic vibration gen-
erated by a supersonic generator 7. In Fig. 1, reference
numeral 8 denotes an outer case of the supersonic gen-
erator 7.
[0023] The vibration plane 6a of the supersonic horn
6 is an inclined annular plane gradually increasing its
diameter forward from its rear end adjacent to the outer
circumferential perimeter 4a of the rotary atomizing head
4. Thus, the vibration plane 6a exerts supersonic vibra-
tion to the coating material immediately after departing
from the outer circumferential perimeter 4a of the rotary
atomizing head 4, and can atomize it to particles of a
substantially uniform grain size. Simultaneously, the in-
clined vibration plane 6a orients the flying direction of the
atomized coating material forward toward a work (not
shown).
[0024] The rotary atomizing head 4 and the annular
vibration plane 6a surrounding the rotary atomizing head
4 are preferably adjustable in relative positions in the
front-and-rear directions. In a first example, the
front-and-rear relative positions of the rotary atomizing
head 4 and the vibration plane 6a may be determined so
that the coating material jumping from the outer circum-
ferential perimeter 4a of the rotary atomizing head 4 is
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exposed to the supersonic vibration from the vibration
plane 6a without directly contacting the vibration plane
6a. In a second example, the front-and-rear relative po-
sitions of the rotary atomizing head 4 and the vibration
plane 6a may be determined so that the coating material
exiting from the outer circumferential perimeter 4a of the
rotary atomizing head 4 forms a thin film on the vibration
plane 6a and the thin film can be atomized and propelled
forward by the supersonic vibration. In a third example,
the front-and-rear relative positions of the rotary atomiz-
ing head 4 and the vibration plane 6a may be determined
so that both phenomena explained in the first and second
examples take place in combination.
[0025] The phenomena explained in the first to third
examples undergo influences from the inclination angle
θ of the vibration plane 6a of the supersonic horn 6. The
inclination angle θ of the vibration plane 6a is preferably
adjustable as desired.
[0026] By changing the inclination angle θ of the vibra-
tion plane 6a, the phenomena explained in the first to
third examples and the size of the coating pattern of the
coating material can be easily adjusted.
[0027] The vibration plane 6a of the supersonic horn
6 may be an annular plane continuous in the circumfer-
ential direction. Alternatively, it may be formed of a plu-
rality of segments annularly aligned in the circumferential
direction, if so desired. In this case, individual segments
of the vibration plane 6a may be adjustable independ-
ently in inclination angle θ and/or front-and-rear position
relative to the rotary atomizing head 4. In this manner,
the coating pattern of the coating material can be readily
adjusted in size and/or shape.
[0028] Fig. 2 shows a spray type atomizer 10. The
spray type atomizer 10 includes an air-assisted paint noz-
zle 11 extending toward a work similarly to conventional
atomizers. The coating material is in a state easy to at-
omize at the front end of the nozzle 11, and the coating
material is expelled from the nozzle 11 together with air
and guided in an atomized form toward the work. The
vibration plane 6a of the supersonic horn 6 is located
behind the nozzle 11. The vibration plane 6a orients to-
ward a forward point P adjacent to the front end of the
nozzle 11 and lying on the axial line. Thus, the supersonic
vibration energy of the vibration plane 6a encircling the
nozzle 11 is concentrated to the point P. Immediately
after the coating material exits the nozzle 11, it is atom-
ized to fine particles of a uniform grain size by the super-
sonic vibration output diagonally forward from the vibra-
tion plane 6a encircling the nozzle 11. The term "uniform
grain size" is herein used when most of the particles of
the coating material have a uniform grain size and the
particles exhibit a grain size distribution having a single
peak.
[0029] A paint nozzle 11 heretofore used in a conven-
tional spray type atomizer may be used to spatter the
coating material without atomizing air, and supersonic
vibration may impinge the coating material just departing
the nozzle 11, not assisted by air, to atomize it. Mecha-

nism of this atomization is schematically illustrated in
Figs. 3A and 3B. Fig. 3A is a diagram for explaining where
to set the point P. Fig. 3B shows the phenomenon ap-
pearing when the supersonic vibration energy from the
annular vibration plane 6a encircling the nozzle 11 is con-
centrated to the point P lying forwardly adjacent to the
nozzle 11 on the axial line.
[0030] Although Fig. 2 shows the spray type atomizer
10, it can be modified to a hydraulic atomizer by replacing
the nozzle 11 with a material discharge opening capable
of hydraulic atomization. As already known, hydraulic at-
omizers, in general, are configured to atomize a com-
pressed coating material by passing it through a small
opening. However, the hydraulic atomizer according to
the invention orients supersonic vibration to the point P
lying forwardly adjacent to the opening on the axial line.
In addition, the hydraulic pressure is set to a value lower
than (for example, a value about one of several dozen
parts of) the hydraulic pressure in a typical conventional
atomizer of this type. As a result, the coating material just
expelled from the hydraulic atomization opening is ex-
posed to supersonic vibration and atomized thereby into
fine particles of a uniform grain size. The atomization
mechanism of the coating material in the hydraulic atom-
izer according to the present invention is substantially
the same as Fig. 3B.
[0031] In the atomizer 10 having the nozzle 11 accord-
ing to the invention, the coating material dashes out of
the nozzle 11 with or without atomizing air, and it is at-
omized subsequently. Similarly, in the atomizer having
the hydraulic atomization opening according to the in-
vention, the coating material is expelled from the hydrau-
lic atomization opening in form of a thin film that is easy
to atomize, and it is atomized subsequently. The point P
mentioned before is preferably determined in the range
from the front end of the nozzle 11 or hydraulic atomiza-
tion opening to the region where the coating material be-
gins to atomize.
[0032] In Fig. 2, components of the atomizer common
to those of the rotary atomizer 1 are labeled with common
reference numerals. The modified version already ex-
plained in conjunction with the rotary atomizer 1 of Fig.
1 is applicable to the spray type atomizer 10 and the
hydraulic atomizer as well. Also in the spray type atomizer
10 and the hydraulic atomizer, the vibration plane 6a of
the supersonic horn 6 may be continuous in the circum-
ferential direction, or it may be composed of a plurality
of segments annularly aligned in the circumferential di-
rection. In addition, individual segments of the vibration
plane 6a may be independently adjustable in inclination
angle θ and/or front-and-rear position relative to the ro-
tary atomizing head 4.
[0033] Fig. 4 is a perspective view schematically show-
ing a rotary electrostatic atomizer 100 according to a fur-
ther embodiment. Reference numeral 101 denotes the
main body of the atomizer 100. The main body 101 in-
cludes a rotary shaft 102 rotated by an electric or air-driv-
en motor (not shown). The rotary shaft 102 extends along
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the axis. A bell-shaped cup 103 is fixed to one end of the
rotary shaft 102. The bell-shaped cup 103 is oriented with
its open end forward (leftward in Fig. 4) toward a work
(not shown).
[0034] The rotary electrostatic atomizer 100 may be
mounted on a robot arm, for example. The bell-shaped
cup 103 can be changed in the front-and-rear direction
(the arrow X direction in Fig. 4) and in orientation by mov-
ing the robot arm for adjustment of the distance from the
work (the surface to be coated) and the orientation with
respect to the work. While the bell-shaped cup 103 is
driven, the coating material is supplied to the bell-shaped
cup 103 from the paint supply pipe 104, and it reaches
the inner surface 103a of the bell-shaped cup 103 through
a plurality of pores formed in a central region of the cup
103. Then, the coating material spreads radially outward-
ly along the inner surface 103a of the cup 103 under the
centrifugal force, and then scatters outwardly from the
outer circumferential perimeter of the cup 103.
[0035] A supersonic vibrator 105 can atomize the coat-
ing material by imparting supersonic vibration to the coat-
ing material just flying from the outer circumferential pe-
rimeter of the bell-shaped cup 103 that rotates at a rela-
tively low speed (such as 4,000 to 5,000 rpm). Moreover,
the supersonic vibrator 105 can uniform the grain size of
the coating material, and can apply kinetic energy to the
coating material to propel the coating material forward.
[0036] The supersonic vibrator 105 may be a super-
sonic horn having a ring-shaped vibration plane 106 fac-
ing forward as shown in Figs. 4 and 5. The vibration plane
106 shown here is composed of a plurality of segments
106a that are aligned annularly in the circumferential di-
rection. The supersonic horn 105 includes a supersonic
generator 107 that is connected to a vibration transmis-
sion member 108 in form of a cylinder closed at one end.
More specifically, the supersonic generator 107 vibrates
the center of the bottom plane 108a of the vibration trans-
mission member 108, and this vibration is transmitted to
the vibration plane 106 through the barrel of the vibration
transmission member 108. The use of the supersonic
horn 105 of this type makes it possible to locate the su-
personic generator 107 apart from the vibration plane
106.
[0037] The vibration plane 106 is adjacent to and en-
circles the outer circumferential perimeter of the
bell-shaped cup 103. The vibration plane 106 can move
in the front-and-rear direction and/or change the orien-
tation together with the bell-shaped cup 103 without
changing its positional relation with the bell-shaped cup
103.
[0038] The vibration plane 106 can apply supersonic
vibration to the coating material immediately after flying
outwardly from the outer circumferential perimeter of the
bell-shaped cup 103. By controlling the amplitude, fre-
quency, or the like, of the vibration plane 106, it is possible
to adjust the level of the kinetic energy applied to the
coating material as well as the level or degree of atomi-
zation. As a result, it is possible to improve the deposition

efficiency of the coating material onto the work and the
coating quality of the work.
[0039] The vibration plane 106 is preferably adjustable
in inclination angle θ explained before with reference to
Fig. 1. As mentioned above, the vibration plane 106 can
move together with the bell-shaped cup 103 or can
change its orientation together with the bell-shaped cup
103. That is, the vibration plane 106 moves in the
front-and-rear direction (the arrow X direction) or chang-
es its orientation together with the bell-shaped cup 103
not to change its positional relation with the bell-shaped
cup 103.
[0040] The vibration plane 106 is more preferably ad-
justable both in inclination angle θ and in front-and-rear
position relative to the bell-shaped cup 103. Thereby, the
coating pattern 109 can be adjusted in size and shape
as shown in Fig. 4. That is, by adjustment of the inclination
angle θ of the vibration plane 106 and/or its font-and-rear
position relative to the bell-shaped cup 103, it is possible
to adjust the diameter D of the coating pattern 109 and
the contour of the coating pattern 109.
[0041] Fig. 6 is a diagram illustrating that the contour
of the coating pattern 109 varies when the inclination
angle θ (see Fig. 1) of the vibration plane 106 adjacent
to the outer circumferential perimeter of the bell-shaped
cup 103 is adjusted. As indicated with arrows in Fig. 6,
if the inclination angle θ of the divergent vibration plane
106 is increased to reduce its opening degree, the con-
tour of the coating pattern 109 becomes smaller. The
contour of the coating pattern 109 can be changed also
when the positional relation between the vibration plane
106 and the bell-shaped cup 103 is changed in the
front-and-rear direction. However, when the
font-and-rear relative positions between the vibration
plane 106 and the bell-shaped cup 103 is changed, the
distribution of the grain size of the coating material chang-
es as well. Therefore, in the actual coating process, ad-
justment of the inclination angle θ of the vibration plane
106 and adjustment of the front-and-rear positional rela-
tion between the vibration plane and the bell-shaped cup
103 are preferably combined to optimize both the distri-
bution of the grain size of the coating material and the
coating pattern.
[0042] The individual segments 106a of the vibration
plane 106 are preferably adjustable independently in in-
clination angle θ and in front-and-rear position relative to
the bell-shaped cup 103 independently from each other.
In this case, the coating pattern 109 can be controlled in
shape and size more freely.
[0043] The rotary atomizer 100 has a high-voltage gen-
erator 110 to electrically charge the coating material by
applying a high voltage from the high-voltage generator
110 to the coating material. In the illustrated example, a
high voltage is applied directly to the bell-shaped cup
103. However, any of other various known techniques
may be used to electrically charge the coating material.
For example, the coating material, after being atomized,
may be electrically charged by supersonic vibration of
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the vibration plane 106.
[0044] According to the rotary electrostatic atomizer
100 according to the first embodiment explained in con-
junction with Figs. 4 through 6, the coating material spat-
tered from the outer circumferential perimeter of the
bell-shaped cup 103, which is driven at a relatively low
rotation speed, is immediately exposed to supersonic vi-
bration energy of the annular vibration plane 106. As a
result, the coating material is atomized to particles of a
uniform grain size. In addition, particles of the coating
material receive directional kinetic energy by supersonic
vibration of the vibration plane 106 and run forward to-
ward a work.
[0045] The above-explained supersonic atomization
technique not only enhances atomization of the coating
material but also uniforms the grain size of the coating
material as compared with conventional electrostatic
coating techniques relying on air. For example, the grain
size of the coating material is from 30 Pm. or even more,
in conventional air-assisted electrostatic coating tech-
niques. However, the supersonic atomization technique
according to the invention can atomize the coating ma-
terial to the grain size as small as 20 Pm or less. More-
over, the coating material is uniformed in grain size to
exhibit a grain size distribution having a single peak.
Therefore, the supersonic atomization technique im-
proves the deposition efficiency of the coating material
and its coating quality. Furthermore, the electrostatic
coating technique enables easy adjustment of the area
and shape of the coating on the work. That is, it enables
flexible coating.
[0046] Figs. 7 and 8 show a rotary electrostatic atom-
izer 200 according to the second embodiment of the in-
vention. Some of the components in the atomizer shown
here are common to some components of the atomizer
100 according to the first embodiment. For simplicity,
these common components are labeled with common
reference numerals, and their explanation is omitted
here.
[0047] A supersonic vibrator 202 is located adjacent
to the outer circumferential perimeter of the bell-shaped
cup 103 to exert supersonic vibration onto the coating
material immediately after it scatters from the outer cir-
cumferential perimeter of the cup 103.
[0048] The supersonic vibrator 202 has a plurality of
ring-shaped frames 203 that are concentrically aligned
in intervals in the radial direction as shown in Fig. 8 in an
enlarged scale. In each interval between every two ad-
jacent ring-shaped frames 203, an annular thin vibration
plate 204 spans. Each thin vibration plate 204 may be
continuous in the circumferential direction. Preferably,
however, it is composed of plural segments 204a annu-
larly aligned in the circumferential direction, and super-
sonic generators 205 are individually connected to the
respective segments 204a. Thus, the supersonic gener-
ators 205 for individual segments 204a can be controlled
in frequency and amplitude independently from each oth-
er to enable more fine adjustment of the size and shape

of the coating pattern 109.
[0049] The plural ring-shaped frames 203 lie on a
plane extending perpendicularly to the axial line of the
bell-shaped cup 103. The coating material scattering
from the outer circumferential perimeter of the
bell-shaped cup 103 is exposed to supersonic vibration
from the vibration plates 204 while traveling from radially
inner ring-shaped frames to radially outer ring-shaped
frames 203. In this process, the supersonic vibration at-
omizes particles of the coating material to more minute
particles, and drives them forward. Reference numeral
206 in Fig. 5 denotes passages 206 for recovery of the
coating material that has flied radially outwardly.
[0050] Fig. 7 schematically shows how the supersonic
vibration energy from the supersonic vibrator 202 propels
the particles of the coating material toward a work W. In
Fig. 7, reference numeral 207 denotes particles of the
coating material atomized by the supersonic vibration.
[0051] Reference numeral 208 in Fig. 7 denotes charg-
ing electrodes. The charging electrodes 208 are supplied
with a high voltage from a high-voltage generator, not
shown, to electrically charge the particles 207 of the coat-
ing material.
[0052] Fig. 9 schematically shows a vehicle coating
line incorporating the rotary electrostatic atomizer 100
according to the first embodiment, for example. The elec-
trostatic atomizer 100 is set on a traveling device 20 such
as a linear motor, robot, or the like. The bell-shaped cup
103 and the vibration plane 106 can swing in all direc-
tions.
[0053] The rotary electrostatic atomizer 100 is control-
led in rotational speed of the air motor, orientation of the
bell-shaped cup 103, etc., by control signals S1 and S2
from a main control board 21.
[0054] Regarding the supply of the coating material to
the rotary electrostatic atomizer 100, a mixer 22 mixes
some primary coating materials selected from pumps 23
through 27 containing five primary colors (cyan, magen-
ta, yellow, black and white) respectively, and supplies
the mixture to the coating supply pipe 104 (see Fig. 1).
Thus, the mixer 22 can mix color paints to produce the
coating material of an intended color immediately up-
stream of the rotary electrostatic atomizer 100.
[0055] A supersonic controller 28 is a component for
controlling orientation, etc. of individual segments 106a
of the vibration plane 106 of the rotary electrostatic at-
omizer 100. A high-voltage controller 29 is a component
for controlling the high voltage to be generated by the
high-voltage generator 110 (see Fig. 4).
[0056] The supersonic vibration generator 110 may be
any appropriate one of known devices, such as a mag-
netostriction converter element.
[0057] Next explained are examples of coating on a
relatively large work W such as a vehicle body with ref-
erence to Figs. 10 and 11. The rotary electrostatic atom-
izer shown here is the atomizer 1 shown in Fig. 1. How-
ever, the atomizers 10, 100 and 200 shown in Figs. 2, 4
or 7 are usable in lieu of the atomizer 1.
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[0058] A plurality of units U1~U10 may be prepared.
In each unit U1~U10, a plurality of atomizers 1 may be
closely aligned in two lines. The first line L1 and the sec-
ond line L2 may be parallel to each other. Thus, the units
U may be reciprocated (in the arrow Y direction) over the
coating surface of the work W to coat the vehicle body
W. In this manner, the coating material depositing on the
work W can be uniformed in thickness. Preferably, the
atomizers 1 of the first line L1 and the atomizers 1 of the
second line L2 are arranged in a zigzag layout.
[0059] The atomizers forming each unit U may be of
any type among various types of atomizers according to
the present invention (for example, the rotary atomizers
1 of Fig 1, spray type atomizers or hydraulic atomizers
explained in conjunction with Fig. 2).
[0060] The rotary atomizers 1, 100 and 200 need no
air for driving the coating material to the work. In addition,
the rotational speed of the rotary atomizing head 4 such
as the bell-shaped cup may be relatively low. The atom-
izer explained with reference to Fig. 2 needs no air, or
needs only a slight amount of air. In view of these fea-
tures, the atomizers according to the invention can be
located closely to the work W during the coating opera-
tion. Conventional rotary atomizers, for example, are lo-
cated distant by 200~300 mm from the work. In contrast,
any atomizer according to the invention may reduce its
distance from the work W to 100 mm or less. The shorter
the distance from the work W, the deposition efficiency
of the coating material is enhanced, and the voltage re-
quired for electrically charging the coating material can
be lowered. More specifically, electrostatic machines
heretofore located distant in operation need a voltage
around 60 kV to 90 kV, but those which can be located
as close as 100 mm need a voltage as low as 10 kV to
30 kV.

Claims

1. A coating method comprising:

supplying a coating material to a coating mate-
rial spattering means from a coating material
source through a paint supply passage;
spattering the coating material in a condition
easy to atomize outwardly from the coating ma-
terial spattering means; and
exerting supersonic vibration to the coating ma-
terial immediately after spattered outwardly from
the coating material spattering means.

2. The coating method according to claim 1 wherein
the coating material spattering means is a rotary at-
omizing head driven to rotate and centrifugally spat-
ter the coating material supplied thereto radially out-
wardly, and wherein the supersonic vibration is ex-
erted toward the coating material spattered from the
rotary atomizing head in a region around and adja-

cent to the outer circumferential perimeter of the ro-
tary atomizing head.

3. The coating method according to claim 1 wherein
the coating material spattering means is a paint noz-
zle, and
wherein the supersonic vibration is exerted diago-
nally forward from around the paint nozzle toward a
region close to the paint nozzle.

4. The coating method according to claim 3 wherein
the coating material is expelled from the paint nozzle
without atomizing air.

5. The coating method according to claim 3 wherein
the coating material is expelled from the paint nozzle
together with atomizing air.

6. The coating method according to claim 1 wherein
the coating material spattering means is an opening
capable of hydraulic atomization, and wherein the
supersonic vibration is exerted diagonally forward
from around the opening toward a region close to
the opening.

7. An atomizer comprising:

a coating material source;
a rotary atomizing head driven to rotate;
a paint supply pipe for supplying a coating ma-
terial to the rotary atomizing head from the coat-
ing material source; and
an annular vibration plane located near the outer
circumferential perimeter of the rotary atomizing
head to encircle the outer circumferential perim-
eter of the rotary atomizing head to exert super-
sonic vibration forward,

wherein the supersonic vibration is imparted to the
coating material immediately after being spattered
from the rotary atomizing head to atomize the coating
material and drive the atomized coating material for-
ward.

8. The atomizer according to claim 7 wherein the an-
nular vibration plane is an inclined plane which in-
creases the diameter forward.

9. The atomizer according to claim 7 wherein the vibra-
tion plane and the rotary atomizing head are adjust-
able in relative position in the front-and-rear direc-
tion.

10. The atomizer according to claim 7 wherein the an-
nular vibration plane is composed of a plurality of
segments annularly aligned in the circumferential di-
rection.
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11. The atomizer according to claim 7 wherein the at-
omizer is an electrostatic atomizer for depositing an
electrically charged coating material on a work held
in a ground potential.

12. An atomizer comprising:

a coating material source;
a coating material spattering means for spatter-
ing a coating material in a condition easy to at-
omize;
a paint supply pipe for supplying the coating ma-
terial from the coating material source to the
coating material spattering means; and
an annular vibration plane located to encircle
the coating material spattering means to exert
supersonic vibration diagonally forward to con-
centrate the supersonic vibration to a region ad-
jacent to the coating material spattering means,

wherein the supersonic vibration imparts the coating
material immediately after spattered from the coating
material spattering means to atomize the coating
material.

13. The atomizer according to claim 12 wherein the an-
nular vibration plane exerts the supersonic vibration
diagonally forward from around the coating material
spattering means toward a region close to the coat-
ing material spattering means.

14. The atomizer according to claim 12 wherein the coat-
ing material spattering means includes a paint noz-
zle, and
wherein the coating material is expelled from the
nozzle without atomizing air.

15. The atomizer according to claim 12 wherein the coat-
ing material spattering means includes a paint noz-
zle, and wherein the coating material is expelled from
the paint nozzle together with atomizing air.

16. The atomizer according to claim 12 wherein the coat-
ing material spattering means includes a coating ma-
terial opening capable of hydraulic atomization.

17. The atomizer according to claim 12 wherein the an-
nular vibration plane is composed of a plurality of
segments annularly aligned in the circumferential di-
rection.

18. The atomizer according to claim 12 wherein the at-
omizer is an electrostatic atomizer for depositing an
electrically charged coating material onto a work held
in a ground potential.

Amended claims under Art. 19.1 PCT

1. (Amended) A coating method using an atomizer
which includes a rotary head driven to rotate by a
drive source and includes an annular vibration plane
located around the rotary head and exerting super-
sonic vibration forward, comprising:

supplying a coating material from a material
source through a supply passage to the rotary
head under rotation;
centrifugally spattering the coating material ra-
dially outwardly from the rotary head; and
atomizing the coating material spattered from
the rotary head radially outwardly by imparting
the supersonic vibration from the vibration plane
and orienting the coating material forward while
the coating material moves radially outwardly
along the vibration plane.

2. (Amended) The coating method according to claim 1
wherein the coating material centrifugally spattered
from the rotary head is oriented forward exclusively
by the supersonic vibration without assistance of air.

3. (Amended) The coating method according to claim 1
wherein the coating material spattered radially out-
wardly from the rotary head moves radially outwardly
while forming a thin film on the vibration plane.

4. (Amended) A coating method comprising:

supplying a coating material from a material
source through a supply passage to a coating
material spattering means;
spattering the coating material forwardly from
the spattering means in a condition easy to at-
omize; and
imparting supersonic vibration oriented toward
the axial line of the spattering means oriented
diagonally forward toward the axial line of the
spattering means to the coating material imme-
diately after being spattered from the spattering
means from the entire perimeter of the coating
material,

wherein the supersonic vibration concentrates to a
region where the coating material spattered from the
spattering means atomizes.

5. (Amended) The coating method according to claim 4
wherein the coating material is spattered from the
spattering means without assistance of atomization
air.

6. (Amended) A coating method comprising:

supplying a coating material from a material
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source through a supply passage to a spattering
means;
spattering the coating material outwardly from
the spattering means in a condition easy to at-
omize; and
atomizing the coating material immediately after
being spattered from the spattering means by
imparting supersonic vibration exerted from an
annular vibration plane composed of a plurality
of segments annularly aligned in the circumfer-
ential direction thereof.

7. (Amended) The coating method according to claim 6
wherein the spattering means is a rotary head con-
figured to spatter the coating material radially out-
wardly.

8. (Amended) The coating method according to claim 6
wherein the spattering means spatters the coating
material forward, and wherein the supersonic vibra-
tion is exerted from the vibration plane toward the
axial line of the spattering means to concentrate to
a region where the coating material spattered from
the spattering means atomizes.

9. (Amended) The coating method according to claim 6
wherein the spattering means comprises a material
discharge opening for hydraulic atomization of the
coating material, and wherein the annular vibration
plane is located around the material discharge open-
ing to exert the supersonic vibration diagonally for-
ward therefrom toward a region close to the spatter-
ing means.

10. (Amended) An atomizer comprising:

a material source for supplying a coating mate-
rial;
a rotary head driven to rotate;
a supply pipe for guiding a coating material to
the rotary head from the material source; and
an annular vibration plane located near and
around the outer circumferential perimeter of the
rotary head to exert supersonic vibration for-
ward,

wherein the coating material centrifugally spattered
radially outwardly from the rotary head is exposed
to the supersonic vibration from the vibration plane
while moving along the vibration plane radially out-
wardly, and thereby atomized and oriented forward.

11. (Amended) The atomizer according to claim 10
wherein the coating material centrifugally spattered
from the rotary head is oriented forward exclusively
by the supersonic vibration without assistance of air.

12. (Amended) The atomizer according to claim 10

wherein the coating material spattered radially out-
wardly from the rotary head moves radially outwardly
while forming a thin film on the vibration plane.

13. (Amended) The atomizer according to claim 10
wherein the annular vibration plane is an inclined
plane increased in diameter forward.

14. (Amended) The atomizer according to claim 10
wherein the vibration plane and the rotary head are
adjustable in relative position in the front-and-rear
direction.

15. (Amended) The atomizer according to claim 10
wherein the annular vibration plane is composed of
a plurality of segments annularly aligned in the cir-
cumferential direction thereof.

16. (Amended) The atomizer according to claim 10
wherein the atomizer is an electrostatic atomizer for
depositing an electrically charged coating material
onto a work to be coated.

17. (Amended) An atomizer comprising:

a material source for supplying a coating mate-
rial;
a spattering means for spattering a coating ma-
terial in a condition easy to atomize;
a supply pipe for guiding the coating material
from the material source to the spattering
means; and
an annular vibration plane located to encircle
the spattering means and composed of a plural-
ity of segments annularly aligned in the circum-
ferential direction thereof to form an inclined
plane gradually increasing the diameter forward
from the rear end thereof,

wherein the vibration plane exerts and imparts su-
personic vibration to the coating material immediate-
ly after being spattered from the spattering means
to atomize it.

18. (Amended) The atomizer according to claim 17
wherein each of the segments is connected to a su-
personic generator of its own.

19. (New) The atomizer according to claim 17 wherein
the spattering means includes a spray nozzle from
which the coating material is expelled without assist-
ance of atomization air.

20. (New) The atomizer according to claim 17 wherein
the spattering means includes a material discharge
opening for hydraulic atomization of the coating ma-
terial.
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21. (New) An atomizer comprising:

a material source for supplying a coating mate-
rial;
a spattering means for spattering the coating
material forward in a condition easy to atomize;
a material supply pipe for guiding the coating
material from the material source to the spatter-
ing means; and
an annular vibration plane located around the
spattering means to exert supersonic vibration
diagonally forward toward the axial line of the
spattering means,

wherein the supersonic vibration concentrates to a
region where the coating material spattered forward
from the spattering means atomizes.

22. (New) The atomizer according to claim 21 wherein
the annular vibration plane is composed of a plurality
of segments annularly aligned in the circumferential
direction thereof.
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