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1. Claim. (C. 118-627) 
This invention relates to a new painting or coating 

machine wherein, through the utilization of piezo-electric 
effect, magnetostriction effect, and other phenomena, 
paint is supplied to a vibrating body which undergoes 
ultrasonic-wave vibration, and the paint is rendered by 
ultrasonic-wave energy due to this vibration into fine 
particles of a state of mist and caused to be sprayed uni 
formly over a wide area onto the article being painted or 
coated. 

It is known in the prior art that, in general, a film of 
liquid can be rendered by powerful, ultrasonic-wave 
energy into fine particles in a state of mist. Based on 
this phenomenon, the present invention seeks to render 
paints into fine particles by ultrasonic-wave energy and 
to utilize this action for industrial painting and coating. 

In the ordinary electrostatic painting machines known 
hitherto, the transformation of the paint into a mist has 
been accomplished by corona discharge. These paint 
ing machines, however, have the disadvantages, due to the 
fact that the fine particles of paint are propelled by only 
electrostatic force, of low propulsion velocity of the 
fine paint particles, consequently, of difficulty in using 
so-called rapid-drying paints, and, furthermore, of dif 
ficulty in applying paints wherein such solvents as water, 
alcohol, and turpentine oil are used. These electrostatic 
painting machines, moreover, have Such disadvantageous 
features as high prices due to the necessity of using 
stable, high-voltage, direct-current power source. 
The present invention seeks to eliminate the above 

described disadvantages of the conventional electrostatic 
painting machines by fixing a vibrating plate to an ultra 
sonic-wave vibrating element or transducer of the mag 
netostriction or electrostriction type excited by an 
ultrasonic-wave generator, transforming paint, which is 
caused to flow in a film state onto the surface of this 
vibrating plate, into fine particles through the vibratory 
action of this plate, and forcing these fine paint particles 
to fly in the direction of the sound wave progagation. 
Accordingly, the paint in a state of fine particles is 
projected with high effieciency to the intended points 
on the article being painted. Moreover, since the pro 
pulsion velocity of the paint particles is high, the use of 
rapid-drying paints is also possible. Furthermore, in im 
pressing a direct-current, high voltage in order to pro 
mote the projection of the paint in an auxiliary manner, 
since, by the present invention, the paint is already 
transformed into a mist by ultrasonic-wave energy and 
has ample initial velocity, such a high direct-current 
voltage (70 to 120 kilovolts) as is required in the case 
of the conventional rotating atomizing head cups in 
electrostatic painting machines is unnecessary, and a di 
rect-current voltage (approximately 35 kilovolts) which 
is of an order sufficient merely to charge the ejected 
particles electrostatically is sufficient. Accordingly, the 
painting machine according to this invention has high 
industrial worth due to such advantageous features as 
greatly reduced equipment cost, safe operation for per 
sonnel, and reduction of fire hazard. 

In general, some difficulties are encountered in the case 
of atomization of the liquid film Supplied to the vibrat 
ing plate by the propagated ultrasonic-wave energy with 
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in the said vibrating plate and the deflection of said 
vibrating plate due to density of ultrasonic-wave energy 
concentration in the said vibrating plate. In this case, 
if the frequency of the ultrasonic-wave which drives 
the vibrating element is constant, the high and low points 
of ultrasonic-wave energy concentration on the vibrat 
ing plate become static, and at the points of low con 
centration of ultrasonic-wave energy, atomization is not 
accomplished. The paint which becomes stagnant at 
Such points hardens and sticks, thereby obstructing the 
free vibrating of the vibrating plate, or moves to a 
neighbouring point of high concentration of ultrasonic 
Wave energy and is ejected as large drops. If, in order 
to accomplish effective atomization, a small quantity of 
the liquid is caused to flow out onto the vibrating plate, 
atomization will occur promptly only in the vicinity of 
the flow-out opening. On the other hand, if the liquid 
is caused to flow out at a high rate, the liquid film in the 
vicinity of the flow-out opening will become thick, and 
large drops will be ejected together with the atomized 
mist. 

In order to eliminate the foregoing problems which 
adversely affect effective painting, the painting machine 
of the present invention is adapted to vary the ultrasonic 
Wave freqeuncy, which excites the vibrating element or 
transducer, at a suitable period within a range wherein 
the ultrasonic-wave output is not greatly reduced, and, 
by preventing points of low and high concentration of the 
ultrasonic-wave energy developed on the vibrating plate 
from becoming static, atomization is caused to be ac 
complished at any point on the vibrating plate. Further 
more, the atomization is accomplished uniformly by 
Supplying the paint continuously to the vibrating plate, 
periodically stopping the supply of ultrasonic-wave energy, 
then resupplying the ultrasonic-wave energy after a uni 
form spread of the paint film has been formed over a 
predetermined area of the vibrating plate, and atomizing 
and dispersing this paint with one action. 

It is an object of the present invention to provide a 
new ultrasonic-wave painting machine wherein a vibrat 
ing plate is fixed to an ultrasonic-wave vibrating element 
driven by an ultrasonic-wave generator, and paint sup 
plied to the said vibrating plate is caused, by the deflec 
tion of the vibrating plate due to the ultrasonic-wave 
energy and low and high concentration of the ultrasonic 
Wave energy within the vibrating plate, to be atomized 
in fine particles of uniform size from a wide area of the 
Said vibrating plate so as to be projected onto an article 
to be painted. 

It is another object of this invention to provide a novel 
vibrating plate which has an extremely effective configura 
tion for the case wherein a direct-current voltage is im 
pressed in an auxiliary manner, and the paint which has 
been atomized by ultrasonic-wave energy is caused to be 
projected onto the article to be painted. 

It is a further object of the invention to provide a new 
construction of a vibrtaor for effectively propagating the 
excitation of a vibrating element to a vibrating plate such 
as that suitable for the painting machine of this invention. 
The nature and details of this invention as well as the 

manner in which the foregoing objects, other objects, and 
advantages may best be achieved will be more clearly 
apparent by reference to the following description when 
taken in conjunction with the accompanying illustrations 
in which like parts are designated by like reference num 
bers and letters, and in which: 

FIG. 1 is a perspective view, in diagrammatic form and 
with certain parts deleted, showing one embodiment of the 
ultrasonic-wave painting machine according to the in 
vention; 
FIG. 2 is a schematic diagram, partly in perspective 



3. 
view and partly as an electrical circuit diagram, for a 
description of the principle of the painting machine of 
the invention; 

FIG. 3 is a perspective view showing a vibrator of a 
configuration which differs from that of the vibrator 
shown in FIG. 2; and - . . . . . - 

FIG. 4 is a side elevational view showing a vibrator of 
a construction differing from those of the vibrators shown 
in FIGS. 2 and 3. . . . 

In the embodiment of this invention shown in FIG. 1, 
which indicates the painting machine in its operational 
state, a support post 1 supports an insulative cylinder 2, 
which has a front chamber 3 and a rear chamber 4. The 
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extreme end of the front chamber 3 is adapted to be finely 
adjustable in a swivelling manner with respect to the in 
sulative cylinder 2. An ultrasonic-wave vibrating element 
or transducer 7, which is fixed to a vibrating plate 5, is 
disposed within this front chamber 3. An insulating trans 
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former 11 is housed within the rear chamber 4 of the 
insulative cylinder 2 and is connected to an ultrasonic 
wave generator 8. The aforesaid vibrating plate 5 is pro 
vided with means for supplying paint thereto from a paint 
tank 9 and, in operation, is caused to confront an article 
10 to be painted. Additionally, a high-voltage, direct 
current power source 12 is provided as indicated in FIG. 
1 for effectively promoting, in an auxiliary manner, the 
projection of the fine particles of paint onto the article 
10 to be painted. . . . . . . 
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interrupting device 15, by a suitable method, for exam 
ple, by a method wherein, as shown in FIG. 2, an eccentric 
can EC is rotated by a variable-speed motor M, causes 
a switch SW to open and close periodically, thereby caus 
ing the suppressor grid G3 of the oscillating tube 14 to be 
subjected periodically to a negative potential by a storage 
battery, Bi, and an oscillation output to be sent intermit 
tently to the vibrating element 7. For example, the rota 
tional period of the eccentric cam may be varied or the 
proportion between the exciting time of the vibrating plate 
during one period and the time when the said excitation 
does not take place may be varied. As a result, the paint 
which is poured out always forms a uniform film over a 
wide area of the vibrating plate 5, and such defective action 
as atomization only in the vicinity of the flow outlet or 
irregularities in the particle size due to differences in posi 
tions of atomization does not occur. 
The ultrasonic-wave generator 8 of the instant embodi 

ment further includes a sweep device 16 which varies the 
oscillation frequency by a suitable method, for example, 
by rotating a variable condenser:VC by means of a vari 
able-speed motor Ma as indicated in FIG. 2. By using this 
sweep device 16 to cause the ultrasonic-wave frequency to 
vary, with a suitable period, within a range wherein the 
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In the operation of the painting machine of the above, 
constructional arrangement, when the ultrasonic-wave: 
vibrating element 7 is excited by the oscillation output 
(at a frequency of approximately 40 kilocycles per sec 
ond in the case of the embodiment shown) of the ultra 
sonic-wave generator 8, the ultrasonic-wave energy propa 
gated by the excitation of the element 7 and deflection of 
the vibrating plate 5 due to the density of the ultrasonic 
wave energy concentration in the said vibrating plate 5 
cause atomization of the paint supplied from the paint 
tank 9 and force the paint particles to be projected onto 
the article 10. A plurality of the articles O. are suspended 
from an endless belt EB which is driven, in the arrow 
direction, by suitable driving wheels DW such as pulleys or 
chain wheels which in turn are driven by a driving motor 
not shown. - : : - 

When the high-voltage, direct-current power source 12 
is used, in an auxiliary manner, to cause effective projec 
tion of the paint which has been atomized onto the article 
10, the insulating transformer 11 functions to insulate the 
ultrasonic-wave generator 8 and the vibrating members. 
The device for atomizing the paint will now be described 

in greater detail in conjunction with FIG. 2. As shown in 
FIG. 2, a thin metal plate 13 is interposed between the vi 
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brating plate 5 and the vibrating element or transducer 7. 
This thin metal plate. 13 has an area which is somewhat 
greater than the area of the vibrating surface of the vi 
brating element 7 and a thickness which is slightly greater 
than that of the vibrating plate 5 (in this embodiment, the 
thickness of the vibrating plate is 0.3 mm., and that of the 
thin metal plate is 1 mm.). It is necessary that this thin 
metal plate 13 have a relatively high thermal capacity and 
be a thin plate which will not cause great variation in the 
resonance frequency (approximately 40 kilocycles per 
second) of the vibrating element 7 when only this metal 
plate is bonded to the vibrating element. Such a thin 
metal plate 13 functions to prevent separation of the vi 
brating element 7 and the vibrating plate 5 and, at the 
same time, facilitates the acoustic matching of these two 
parts. . . . - - - v 

One example 

circuit diagram of FIG. 2. This ultrasonic-wave...gen 
erator includes, in addition to a high-frequency oscillat 
ing tube 14, an oscillation interrupting device 15 for caus 
ing the supplied paint to assume the form of a uniforn 
film on the entire surface of the vibrating plate 5. This 
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of an ultrasonic-wave generator 8 suitable i. 
for exciting the vibrating element 7 is represented by the O 

ultrasonic-wave output is not greatly reduced, the paint is 
caused to be atomized uniformly from any point on the 
vibrating plate 5 without irregularity in the distribution of 
emission and without the points of low, and high concen 
tration of ultrasonic-wave energy becoming static as in 
the case of operation with constant frequency. 

In FIG. 3, a vibrator with a modified vibrating plate 17 
of dish form differing from the configuration of the vibrat 
ing plate 5 of FIG. 2 is shown. In the case wherein, in 
order to coat, effectively, an article to be painted with 
paint which has been atomized by means of a vibrating 
plate, a direct-current voltage (approximately 35 kilo 
volts) is impressed as an auxiliary measure, the distribu 
tion of lines of electric force will become dense at the 
peripheral parts of the vibrating plate if the vibrating 
plate is a flat plate, and its emission positions, being readi 
ly affected by outside influences, will become astatic. For 
this reason, the projection directions of the atomized 
paint will become greatly disturbed, and painting opera 
tion will become unstable. In the case of the dish-shaped 
vibrating plate 17, however, since the lines of electric 
force are almost entirely concentrated in the central por 
tion, the atomized particles of paint are not readily af. 
fected by external influences and are projected in a stable 
manner directly to the article being painted. Moreover, 
since the electric charge of the fine particles which are 
projected from the central portion is high, their projected 
velocity becomes high. . 
. A vibrator having a construction which differs from 
those of the vibrators of FIG. 2 and FIG. 3 is shown in 
FIG. 4. In this vibrator, by interposing a coupling ele 
ment in the form of a horn 18 between the vibrating ele 
ment or transducer 7 and the vibrating paint projecting 
plate 5, the excitation of the ultrasonic-wave. vibrating ele 
ment or transducer 17 generated by the ultrasonic-wave 
generator. 8 is propagated with even greater effectiveness 
to the vibrating plate 5. . . . . 

Although this invention has been described with respect 
to a particular embodiment and a few modification there 
of, it is not to be so limited as further changes and modi 
fications may be made therein which are within the full 
intended scope of the invention, as defined by the appended 
claim. . . . . . . . . m 
What is claimed is: . . . . . . . . . . . " 
An ultrasonic-wave spray painting apparatus compris 

ing in combination an ultrasonic-wave generator, an in 
terrupting device for periodically interrupting the output 
of said generator, a sweeping dvice for continuously vary 
ing the oscillation frequency of said generator with a 
relatively small reduction in output, a transducer con 
nected to the output of said generator, a horn-shaped 
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coupling element fixed at one end to said transducer, a 
thin metal acoustic matching element fixed to the oppo 
site end of said coupling element, a paint projecting plate 
fixed on one side surface to said matching element, means 
providing a continuous flow of paint in film form over 
the surface of said plate opposite said matching element 
and a high voltage direct current power source connected 
to said plate for providing an auxiliary electrostatic field 
between said plate and an article to be painted, whereby 
upon operation of said generator to energize said trans 
ducer said plate will vibrate at a varying frequency corre 
sponding to the output frequency of Said generator to 
project paint from said plate in the form of a spray to 
an article to be painted. 

5 

O 

6 
References Cited by the Examiner 
UNITED STATES PATENTS 

2,766,064 10/56 Schweitzer ----------- 17 93.4 
2,855,244 10/58 Camp -------------- 239-102 X 
2,881,092 4/59 Sedlacsik ------------ 117-93.42 
3,039,696 6/62 Point et al. ---------- 239-102 X 
3,067,948 12/62 Lang et al. ---------- 239-102 X 

FOREIGN PATENTS 
1,206,551 8/59 France. 

ICHARD D. NEVIUS, Primary Examiner. 


