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3,024,233 
METHOD OF (CLEANING 

Heinz H. Schott, Morristow , N.Y., assig Ror to Curtisse 
Wright Corporation, a corporation of Delaware 

Filed Sept. 30, 1959, Ser. No. 843,564 
3 (Claixas. (CR. 34-) 

This invention relates to a method of cleaning. More 
particularly this invention relates to methods of cleaning 
objects utilizing ultrasonic energy acting through a liquid 
medium in which the object to be cleaned is immersed. 

It has long been known to clean objects by immersing 
them in agitated baths of strong reagents or other solvents. 
The washing process, particularly where the objects to be 
cleaned had crevices or other relatively inaccessible por 
tions was slow and uncertain. 

Recently ultrasonic insonation of the cleaning bath has 
been introduced in an attempt to decrease, the time for 
cleaning objects and to increase the reliability of cleaning 
dirt, grease, etc. from relatively inaccessible places in the 
objects, and to remove adhered dirt without the use of 
strong reagents. This comparatively new method of the 
use of ultrasonic insonation has provided a great improve 
ment in the techniques of cleaning objects. 
While the use of ultrasonic insonation has improved 

the cleaning process, it has not eliminated all the diffi 
culties present in cleaning operations. 
The usual contaminants to be removed from objects to 

be cleaned may be roughly divided into four types; viz., 
material which is soluble in the cleaning liquid, material 
which can float in the cleaning liquid, material which can 
rapidly sink in the cleaning liquid, and material which 
can remain in Suspension in the cleaning liquid. For 
ultrasonic cleaning to be really effective all four groups 
of contaminants must be completely removed from the 
objects to be cleaned without allowing them to recontam 
inate the objects. 

For cleaning certain types of objects with ultrasonic 
insonation, volatile solvents may be used as the cleaning 
liquid. Since all the volatile solvents present either health 
hazards to human beings or fire and explosion hazards, 
it is imperative that the apparatus wherein the cleaning 
operation takes place be so designed as to minimize the 
escape of volatile solvents into the ambient atmosphere. 
This has been done by providing exhaust ducts which can 
rapidly convey the vapors from the volatile solvent to 
remote locations for dispersal. However, this technique 
Wastes a Substantial amount of the volatile organic sol 
vents which are quite expensive. 

Accordingly it is an object of this invention, to provide 
cleaning methods which will overcome the disadvantages 
of the prior cleaning methods and apparatus. 
Another object of this invention is to provide ultrasonic 

cleaning method which will eliminate the recontamina 
tion of the object to be cleaned by the contaminants re 
moved from the object during the ultrasonic cleaning 
cycle. 

It is a further object to provide an ultrasonic cleaning 
method which will rapidly and efficiently clean objects 
and positively assure complete removal of all contami 
nants from such objects without permitting the contami 
nants to settle back on to the objects. 

It is a still further object of this invention to provide 
a container for volatile materials, such as the volatile 
organic solvents used in the cleaning operation, which 
prevents vapors from escaping to the Surrounding atmos 
phere and which minimizes the evaporation of such ex 
pensive solvents. 

With the above objects in view, the present invention 
mainly consists of a container for containing a cleaning 
liquid and objects to be cleaned immersed therein. The 
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container is provided with means for continuously intro 
ducing cleaning liquid to the container, means for con 
tinuously overflowing a portion of the cleaning liquid 
from the container, and means for continuously draining 
another portion of the cleaning liquid from substantially 
adjacent the bottom of the container. 
The container may be provided with an outer cover 

overlying the open upper portion of the container and 
with an inner cover spaced from the outer cover inter 
posed between the contents of the container and the outer 
cover. The inner cover forms substantially a gas-tight 
seal with the container. Means for removing gas from 
the space between the inner cover and the outer cover is 
provided. 
The invention also consists of the cleaning method 

which includes subjecting the objects to be cleaned to 
ultrasonic vibrations while immersed in a cleaning liquid 
flowing around the objects, then increasing the rate of 
flow of the cleaning liquid and discontinuing the ultra 
Sonic vibration to flush the objects free of the ultrasoni 
cally loosened contamination. The objects are spray 
rinsed while the cleaning liquid is removed from the zone 
around the objects being cleaned. 
The improved method for cleaning objects immersed 

in a cleaning liquid contained in a cleaning zone includes 
continuously introducing fresh cleaning liquid to the 
cleaning Zone, continuously overflowing a portion of the 
cleaning liquid from the top of the cleaning zone and 
continuously draining a portion of the cleaning liquid 
from the bottom of the cleaning zone. 
The novel features which are considered as character 

istic for the invention are set forth in particular in the 
appended claims. The invention, itself, however, both as 
to its construction and its method of operation, together 
With additional objects and advantages thereof, will be 
best understood from the following description of a spe 
cific embodiment when read in connection with the 
accompanying drawings, in which: 
FIGURE 1 is a schematic flow diagram illustrating the 

ultrasonic cleaner and associated equipment; 
FIGURE 2 is a vertical sectional view of the ultrasonic 

cleaner taken along line II-II of FIGURE 3; and 
FIGURE 3 is a plan view partially in section of the 

ultrasonic cleaner with the covers removed taken along 
line II-I of FIGURE, 2. 

Referring to the drawings, and more particularly to 
FGURE 1, there is shown schematically the ultrasonic 
cleaner container li and its associated equipment for 
continuously recirculating and cleansing the solvent used 
and for automatically operating according to preselected 
cleaning cycles. The detailed construction of container 
it will be described later, but for the moment it is suffi 
cient to note that it is provided with a liquid inlet 2, an 
overflow outlet 13, a bottom drain outlet 14, a sprayer 
16, and a plurality of electro-mechanical transducers 7. 
The equipment associated with container 1 comprises 

generally a Sump tank 21, a pump 22, filters 23, and asso 
ciated piping, valves, meters, etc. as will be explained in 
detail. 

From Sump tank 21 the liquid 26 passes through 
pump 22, filters 23, tramp filter 24, and then through 
one of several alternate paths to the container ii. The 
alternate paths include (a) fill line 27 with automatic 
valve 28; (b) recirculation line 31 with automatic valve 
32, alternate manual control valves 33 and 34, and rota 
meter 35; and (c) spray line 37 with automatic valve 
33 and manual valve 39. Fill line 27 and recirculation 
line 3 are both connected to inlet 2 of the container 
ii; whereas spray line 37 is connected to sprayer 16. 

Liquid 26 is returned to Sump tank 21 from the con 
tainer is by gravity through several pathways. These 
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pathways include (a) bottom drain outlet 14 and auto 
matic dump valve 41; (b) underflow recirculation line 
42 with automatic valve 43, alternate manual control 
valves 44 and 45, and rotameter 46; and (c) overflow 
recirculation line 48. 

In a typical and preferred mode of operation, the 
following sequence of operations is performed in utilizing 
the above-described system for cleaning objects. 

Preliminary to starting the cleaning cycle, sump tank 
21 is filled with the liquid cleaning agent 26 to a high 
level indicated by mark 49. Depending upon the nature 
of the object to be cleaned and the nature of the sub 
stances to be removed from such object, liquid 26 may 
be a solvent, such as trichlorethylene, for example, or 
aqueous detergent solutions. The objects to be cleaned 
10 (indicated in phantom outline) are placed within 
the container 11 and may be supported in any suitable 
manner, such as in racks or in wire mesh baskets, for 
example. 
The liquid 26 is pumped through fill line 27 at high 

speed to fill the container 11. When the container i 
is full, liquid 26 will commence overflowing through 
overflow recirculation line 48. At this time automatic 
valve 28 in fill line 27 closes; automatic valve 32 is 
positioned to allow flow through manual control valve 
34; and automatic valve 43 is positioned to allow flow 
through manual control valve 45. 
Manual control valve 34 is adjusted to give a pre 

selected rate of flow as measured on rotameter 35. Man 
ual control valve 45 is adjusted so as to give a reading 
on rotameter 46, which reading is a preselected fraction 
of the reading on rotameter 35. This arrangement gives 
a continuous circulation of liquid 26 through the entire 
system, with preselected proportions of the liquid 26 
leaving container 11 through overflow 13 and through 
underflow 14. 

Transducers 17, which are connected to an RF genera 
tor (not shown) for applying thereto an electrical signal 
for vibrating the transducers 17 at an ultrasonic fre 
quency, are actuated producing ultrasonic vibrations 
within liquid 26 in container 11 thereby breaking loose 
dirt, grease, etc. from the objects to be cleaned which 
are within container 11. This portion of the cycle is 
the main ultrasonic cleaning cycle. 

After a suitable time for the ultrasonic cleaning cycle 
the rapid flush circulation is initiated. Automatic valve 
32 is shifted to allow inlet flow through manual control 
valve 33, and automatic valve 43 is shifted to allow out 
let flow through manual control valve 44. Manual con 
trol valve 33 is adjusted to give an increased rate of 
flow as measured on rotameter 35. Manual control valve 
44 is adjusted to give a preselected flow through rota 
meter 46, which flow is a specified fraction of the read 
ing on rotameter 35. During this rapid flush circula 
tion, the ultrasonic transducers 7 are turned off and a 
high rate of recirculation of liquid 26 is maintained 
thereby washing the dirt, grease, etc. which was broken 
free during the ultrasonic cleaning cycle away from the 
objects to be cleaned and through the overflow 13 and 
the underflow 14. 

After a definite time interval for the rapid flow flush 
cycle, automatic valves 32 and 43 are moved to closed 
positions and automatic valve 38 in spray line 37 and 
automatic dump valve 41 are opened. Opening auto 
matic valve 4i allows liquid 26 in container 11 to be 
dumped rapidly into sump tank 2i. Opening automatic 
valve 38 permits flow of liquid 26 through spray line 
37 to sprayer 6. The control of the rate of flow through 
sprayer 16 is accomplished by manual valve 39. Sprayer 
6 is manually moved to allow its spray to Sweep over 

the objects being cleaned during the time the liquid 26 
is being dumped from ultrasonic cleaner 11. This spray 
prevents recontamination of the objects being cleaned due 
to floating dirt settling out on these objects while the 
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4. 
liquid level is being lowered in container 11 during the 
dumping. 

After the dump and spray cycle, auotmatic dump valve 
41 and automatic spray valve 38 are closed and the fill 
cycle is restarted. 
The above described operation of automatic valves 28, 

32, 38, 41, and 43, and the actuation and turning off of 
transducers 7 is controlled by means of a conventional 
time sequence programmer (not illustrated). The auto 
matic valves 23, 32, 38, 41, and 43 may be any of the 
conventional types of automatically operated valves. 
Since the specific construction of the valves and the pro 
grammer form no part of this invention, no detailed 
showing of these conventional structures or their conven 
tional interconnection is considered necessary or desir 
able. 

In a typical cycle, the fill cycle takes about one min 
ute; the ultrasonic cleaning cycle takes about 3 minutes 
with about 1 to 4 gallons per minute flow indicated on 
rotameter 35; the rapid flow flush cycle takes about 9 
minutes with about 6 to 10 gallons per minute indicated 
on rotameter 35; and the dump and spray cycle takes 
about 2 minutes with about 6 gallons per minute flow. 
The sequence of cycles above listed is repeated several 
times for each cleaning load in order to insure absolute 
cleanliness for the most critical applications. 

During all these cleaning cycles, solid material which 
is washed from the objects to be cleaned flows out of 
container is through overflow 13 and underflow 14 and 
is filtered by filters 23. Immediately adjacent filters 23 
are pressure gauges 50, 5'. When filters 23 accumulate 
sufficient solid material to require cleaning, the pressure 
drop across these filters as measured by pressure gauges 
50, 50' will increase to a predetermined value. At such 
time the filters 23 are cleaned. 
When filters 23 are again placed into service, bypass 

valve 51 is operated so as to allow liquid 26 to be circu 
lated through bypass line 52 for a period of time. This 
allows any contaminants broken free during filter 
changes or cleaning to be picked up by the filters before 
liquid 26 is again allowed to enter ultraSonic cleaner 11. 

Filters 23 may comprise any suitable filtering medium 
such as paper, cloth, or sintered metal filters. As an 
additional precaution tramp filter 24, which is a sintered 
metal filter having a very small pore size, is used to 
prevent solid contaminants from entering container 11. 

Referring next to FIGURES 2 and 3, there is shown a 
detailed illustration of a preferred embodiment of con 
tainer 11. This mainly includes a tank 56 having mount 
ed thereon a plurality of electro-mechanical transducers 
57. Tank 56 is provided with a sloping bottom and with 
the bottom drain outlet 14 adjacent a lowermost corner 
of its bottom. 
Tank 56 is also provided with the liquid inlet 12 to 

which is attached a substantially vertical pipe 57. Pipe 
57 is located adjacent a corner of the deep end of tank 
56. It will be noted that pipe 57 and bottom drain out 
let 4 are both adjacent the deepest end of tank 56 but 
are adjacent opposite corners thereof. Pipe 57 is pro 
vided with a plurality of relatively small orifices 58 so 
positioned as to provide for the liquid 56 flowing there 
through being introduced at approximately a 45° angle to 
the side of tank 56 remote from bottom drain outlet 14. 
Therefore, the liquid 56 is introduced substantially tan 
gentially to the inner surface of the side wall adjacent 
pipe 57. This provides for excellent circulation of liquid 
26 within the tank 56. 

Also located on tank 56 is the spray line 37 and sprayer 
16. Sprayer 16 is connected to spray line 37 by means 
of flexible hose 61. Flexible hose 61 may be supported 
along a wall of tank 56 by means of clips 62. For use 
in the spray cycle, flexible hose 61 is manually removed 
from clips 62 and sprayer 16 is manually directed at vari 
ous portions of the objects being cleaned. 
Tank 56 is provided with a plurality of orifices 157 
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extending around substantially all of three of its sides near 
the upper portion thereof. Attached to the outside of 
tank 56 surrounding the region of orifices 157, is a com 
pletely enclosed overflow channel 158. Overflow chan 
nel 158 is provided with a sloping bottom surface, and 
with the overflow outlet 13 adjacent the lowest portion 
of overflow channel 58. 

It will thus be seen that upon filling tank 56 with liquid 
26, a level of liquid in the tank will be established due 
to the overflow of excess liquid through orifices 157. 
Such overflowing liquid will be caught in completely en 
closed overflow channel 158 and then will flow through 
overflow outlet 13 and thence to sump tank 21. 
Tank 56 is provided with a cover 63 which may be 

placed upon the top of tank 56 during the cleaning cycle. 
Immediately below cover 63, tank 56 is provided with a 
slotted exhaust outlet 64 adjacent one end thereof which 
is connected through ducting to an exhaust system (not 
shown). Immediately below slotted exhaust outlet 64, 
tank 56 is provided with an annular machined seat 66 
on which an additional heavy lid 67 may be placed. 
Cover 63 and heavy lid 67 may be provided with 

handles 68 and 69 for ease in opening and closing tank 
56 whenever desired. Alternatively, cover 63 may be 
spacedly secured to heavy lid 67 so that they both open 
and close as a unit for greater ease in handling in the 
smaller sizes. 
The machined seat 66 cooperates with heavy lid 67 

to provide a substantially gas-tight seal for the top of 
tank 56. When volatile solvents, such as trichlorethylene, 
are used, heavy lid 67 substantially prevents evaporation 
of such solvent. What little solvent may evaporate is 
immediately removed from the working area through 
slotted exhaust outlet 64. 

This "double-lid' construction with the exhaust out 
let between the two lids, greatly reduces the loss of 
volatile solvents as compared with the losses that would 
be experienced with a single lid having an exhaust outlet 
below such single lid. This double lid construction also 
greatly reduces the losses due to evaporation of solvent 
as compared with those experienced in using a single 
loosely fitting lid and an exhaust duct. The use of an 
exhaust duct eliminates the possibility of producing con 
ditions in the area adjacent the ultrasonic cleaning tank 
11 which might be unsafe to personnel working in the 
area. 

It is thus seen that there has been provided a new 
and improved method and apparatus for use in ultrasonic 
cleaning which overcomes the disadvantages of prior 
cleaning methods and apparatus and which ensures posi 
tive removal of all contaminants rapidly and efficiently 
from objects being cleaned and which also minimizes the 
loss of volatile solvents while keeping the surround at 
mosphere free of solvent vapors. 
While the invention has been illustrated and described 55 
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as embodied in a certain particular apparatus and its 
preferred mode of operation, it is not intended to be 
limited to the details shown, since various modifications 
and changes may be made without departing in any way 
from the spirit of the present invention as defined in the 
claims. 

Without further analysis, the foregoing will so fully 
reveal the gist of the present invention that others can by 
applying current knowledge readily adapt it for various 
applications without omitting features that, from the 
standpoint of prior art, fairly constitute essential char 
acteristics of the generic or specific aspects of this inven 
tion and, therefore, such adaptations should be and are 
intended to be comprehended within the meaning and 
range of equivalents of the following claims. 
What is claimed as new and desired to be secured by 

Letters Patent is: 
1. A method for cleaning objects which comprises im 

mersing said objects in a flowing cleaning liquid in a 
cleaning zone; subjecting said objects to ultrasonic vibra 
tions for a definite time interval while immersed in a 
cleaning liquid flowing around said objects; increasing 
the rate of flow of said cleaning liquid and discontinuing 
the ultrasonic vibration to flush said objects free of the 
ultrasonically loosened contamination; and spray rins 
ing said objects while draining said cleaning liquid from 
the cleaning zone. 

2. A method for cleaning objects which comprises sub 
jecting said objects to ultrasonic vibrations for a definite 
time interval while immersed in a cleaning liquid flowing 
around said objects; increasing the rate of flow of said 
cleaning liquid and discontinuing the ultrasonic vibration 
to flush said objects free of the ultrasonically loosened 
contamination; and spray rinsing said objects while drain 
ing said cleaning liquid from the cleaning Zone. 

3. The process as defined in claim 2 wherein the 
sequence of steps is repeated several times per cleaning 
cycle. 
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