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United States Patent Office 3,106,928 
Patented Oct. 15, 1963 

3,106,928 
MACH NED PARTS CLEANING APPARATUS 

HAVING AR CONTROL SYSTEM 
Burton Rand, Bala Cynwyd, Pa., assigao to Autosonics 

Inc., Philadelphia, Pa., a corporation of Pennsylvania 
Fied May 3, 1962, Ser. No. 92,115 

5 Claims. (C. 134-79) 
This invention relates to a cleaning apparatus, and 

more particularly, to a cleaning apparatus for removing 
grease and hydrocarbon deposits in addition to dirt from 
machined parts by treatment with solvents. 
The cleaning apparatus of the present invention is an 

improvement over the cleaning apparatus set forth in my 
prior Patent No. 3,019,800. Experience has shown that 
the cleaning apparatus in my above mentioned patent ade 
quately performs its intended function. I have now dis 
covered that a cleaning apparatus of the type disclosed 
in my above mentioned patent need not be provided with 
a top wall and that a comparable efficiency may be ob 
tained in preventing loss of evaporated solvent when an 
air control system in accordance with the present inven 
tion is incorporated therein. The air control system of 
the present invention may also be provided on other types 
of cleaning apparatus lacking a top wall such as the clean 
ing apparatus disclosed in my copending application Serial 
No. 60,106 filed on October 3, 1960, now Patent No. 
3,073,323, and entitled Cleaning Apparatus. 

I have discovered that an air control system may be 
provided on a cleaning apparatus lacking a top wall 
regardless of whether or not the apparatus is provided 
with means causing the formation of a vapor zone above 
the level of the solvent. Tests performed on the ap 
paratus in my above mentioned patent were run with 
and without the air control system of the present inven 
tion. When the air control system of the present inven 
tion was not utilized on a cleaning apparatus of the 
type illustrated in my above mentioned patent and lack 
ing a top wall, the presence of vaporized solvent in the 
atmosphere was very noticeable. Such vaporized solvent 
in the atmosphere or fumes of vaporized solvent con 
stitute a danger to operating personnel. When the air 
control system of the present invention was incorporated 
in the cleaning apparatus disclosed in my above men 
tioned patent, the presence of vaporized solvent in the 
atmosphere adjacent the cleaning apparatus was substan 
tially eliminated. 

In accordance with the present invention, an air con 
trol system is located at a point close to and above the 
level of the liquid solvent or the vapor zone thereabove. 
Conduit means are provided so that a mixture of air and 
vaporized solvent may be removed from the space in the 
apparatus above and adjacent to the vapor zone or liquid 
level. Such mixture is removed by means of a fan or 
pump which is coupled to the interior of the cleaning 
apparatus through a condenser. The condenser sepa 
rates the mixture into cool air and liquid solvent which 
is returned to the lower portion of the cleaning appara 
tus. The cool air is ducted to the opposite side of the 
cleaning apparatus and returned thereinto. 
The cool dry air which is returned by means of an 

uninsulated duct to the opposite side of the cleaning 
apparatus is preferably returned at the same height at 
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which the mixture is removed. There is no heating of 
the returned air since it is desirable to have the cool dry 
air settle into the cleaning apparatus rather than rise 
out from the top thereof as would occur if the returned 
air were heated. When a cleaning apparatus is provided 
with means causing a vapor zone above the level of the 
liquid solvent, the air control system of the present in 
vention is a supplementary control. 

It is to be emphasized that the fan or pump of the 
present invention is extremely small. Hence, the circula 
tion in the air control system is conducting a small vol 
ume of air on the order of five to thirty cubic feet per 
minute depending upon the size of the cleaning appara 
tus. As the size of the cleaning apparatus increases, the 
amount of air which is moved by the control system of 
the present invention increases. In all cases, the amount 
of air which is being moved is barely noticeable and may 
be referred to as a "waft' of air. 
The present invention may be utilized in conjunction 

with cleaning apparatus of the type illustrated in my 
above mentioned patent or copending application wherein 
localized cavitation is provided by means of an ultrasonic 
transducer which generates downwardly toward the parts 
to be cleaned. In this manner, the contaminate which 
is removed from the machined parts cannot settle onto 
the transducer, but instead will settle on the bottom wall 
of the cleaning apparatus. Preferably, the machined 
parts to be cleaned are supported in a manner so that 
there is no conveying apparatus between the transducers 
and the machined parts which could interrupt the local 
ized cavitation and thereby effect the efficiency of the 
ultrasonic cleaning effect. 
The present invention provides an effective means for 

controlling dangerous or toxic fumes in such instances 
where a top wall on apparatus is impractical. For ex 
ample, it is impractical to use a top wall on a batch tank 
wherein the parts to be cleaned are lowered into and 
raised from the tank by means of an overhead hoist. 
The National Conference of industrial Hygienists has 

recently reduced the limits of toxic tolerance for de 
greasing solvents from 200 parts per million to 100 parts 
per million. Hence, it will be seen that there is a definite 
need for the present invention and that the importance, 
usefulness and desirability of the present invention are 
greater than they have been heretofore. 

It is an object of the present invention to provide a 
cleaning apparatus having an air control system. 

It is another object of the present invention to pro 
vide a cleaning apparatus lacking a top wall with an air 
control system thereby substantially eliminating the 
danger of fumes caused by vaporized solvent. 

It is another object of the present invention to provide 
a novel air control system for a cleaning apparatus lack 
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ing a top wall and containing a vaporized solvent therein. 
It is another object of the present invention to provide 

a novel cleaning apparatus wherein machined parts are 
mechanically delivered to the apparatus, mechanically 
passed through the cleaning apparatus, mechanically re 
moved from the apparatus, and capable of being utilized 
in a manner which is safer for the operating personnel 
in the immediate area. 

Other objects will appear hereinafter. 
For the purpose of illustrating the invention there is 
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shown in the drawings a form which is presently pre 
ferred; it being understood, however, that this invention 
is not limited to the precise arrangements and instrumen 
talities shown. 
FIGURE 1 is a longitudinal sectional view of the clean 

ing apparatus of the present invention. 
FIGURE 2 is a transverse sectional view taken along 

the lines 2-2 in FIGURE 1. 
FIGURE 3 is a top plan view of the cleaning appara 

tus of the present invention. 
Referring to the drawing in detail, wherein like nu 

nerals indicate like elements, there is shown in FIGURE 
1 a cleaning apparatus designated generally as 10. 
The cleaning apparatus 10 includes a housing desig 

nated generally as 2. The housing 12 includes oppo 
site side walls 4 and 16. The side wall 14 extends for 
the full height of the housing 12. The side wall 6 
extends up to a horizontally disposed portion 29. A side 
wall 18 extends from the horizontally disposed portion 
to the top of the housing 12. The housing 12 lacks a 
top wall and is provided with a bottom wall 24. The 
housing 12 also includes a front wall 22 and a rear 
wall 26. 
A mechanical means is provided within the housing 

12 to mechanically convey parts to be cleaned through 
the housing 2. Such means includes a stationary plate 
28 which is supported by means of brackets 30 and 32. 
A pair of arcuate plates 34 and 36 are affixed to one 
Surface of the plate 28. The plate 34 has one free end 
34 and a second free end 34'. The plate 36 has a free 
end 36' and a free end 36'. 
An arcuate plate 38 having an arcuate length greater 

than 180 degrees is spaced from and partially surrounds 
the plates 34 and 36. The plate 38 is secured to and 
extends from the periphery of plate 28. 
A bearing 40 is fixedly secured to the plate 28 in a 

central portion thereof. The bearing 40 rotatably sup 
ports one end of a shaft 42. The other end of shaft 
42 is rotatably supported by a bearing 44 fixedly secured 
to the inner surface of wall 14. A plate 46 is fixedly 
secured to the shaft 42 adjacent a central portion there 
of. A plate 46 is juxtaposed to the plate 28 and is 
provided adjacent its periphery with a plurality of spaced 
roWs of pusher vanes 48. The rows of pusher vanes 
48 have a length slightly less than the distance between 
the inner arcuate plates 34 and 36 and the outer arcuate 
plate 38. 
As seen more clearly in FIGURE 1, a driven sprocket 

50 is fixedly secured to the shaft 42. A flexible belt or 
chain 52 extends around the driven sprocket 50 and a 
driving Sprocket 54. The driving sprocket 54 is fixedly 
Secured to a shaft 56 extending from the motor 58. 
The motor 58 is conveniently mounted on the rear wall 
26. The chaia 52 and sprocket 50 do not require lubri 
cation. 
A pair of spaced parallel plates 60 are fixedly secured 

in any convenient manner to the top edge of wall 22 
of the housing 12. A roller 62 extends between the 
plates 60. A flexible belt 64 extends around the roller 
62. The belt 64 extends around a driving roller (not 
shown) which causes the belt 64 to move and thereby 
convey machined parts to the cleaning apparatus 10. 
A driven roller 66 is rotatably mounted on a shaft 

68 which extends between the fixed inner arcuate plates 
34 and 36. A crown-shaped plate 70 is fixedly secured 
intermediate the fixed inner arcuate plates 34 and 36. 
A driving roller 72 is rotatably supported in any con 
venient manner and is rotated by a conventional motor 
means. A flexible belt 74 extends around the rollers 
66 and 72, whereby rotation of the driving roller 72 
causes the belt 74 to convey cleaned machined parts 
away from the cleaning apparatus 10. These parts are 
above the vapor zone and therefore do not require a 
Separate lubrication system. 
The roller 66 and the crown-shaped plate 70 are posi 
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4. 
tioned intermediate the free upper ends 34 and 36 so 
that the belt 74 is crown-shaped at the point where the 
pusher vanes 48 move the clean machined parts thereon 
for conveyance away from the cleaning apparatus 0. 
The belt 74 is caused to assume a crown-shape between 
the ends 34 and 36' so that the clean machined parts 
will be positioned at the middle area of the belt 74 
before the machined parts move out of the influence of 
the rotating pusher vanes 48. In order to attain this 
result, the speed of belt 74 must be correlated with the 
speed of the vanes 48. 
The wall 8 is provided with an opening 76 and the 

fixed plate 28 is provided with an opening 78 through 
which the belt 74 extends. The openings 76 and 78 
are of sufficient size so as not to interfere with the 
clean machined parts being conveyed on the belt 74. 
An immersion chamber 80 is provided within the 

lower portion of the housing 12. The immersion cham 
ber 80 contains a cleaning solvent such as trichlor 
ethylene or the like. A vapor Zone 82 is maintained 
above the cleaning solvent in the immersion chamber 
80. The interface between the vapor zone 82 and the 
solvent in the immersion chamber 80 is designated as 
83. The upper limit of the vapor Zone 82 is determined 
by the cooling coils 84 which extend around the inner 
periphery of the housing 12 at the level of the shelf 20. 
A Sump 86 is provided within the housing 12 and a 

heating coil 88 is positioned within the sump 86. The 
heat from the heating coil 88 vaporizes the solvent with 
in the Sump 86 so as to maintain the vapor zone 82. 
The solvent within the sump 86 is maintained separate 
from the solvent within the immersion chamber 80 by 
an upright wall 89. 
A plurality of ultrasonic transducers 90 extend from 

the inner Surface of the plate 28 and are positioned be 
tween the ends 34' and 36' of the inner arcuate plates 
34 and 36 respectively. The transducers 90 radiate 
downwardly toward the inner surface of the outer plate 
38 So as to generate cavitation only in that portion of 
the Solvent through which the machined parts will pass. 
It will be noted that the lower portion of the outer 
arcuate plate 38 is provided with a plurality of small 
holes or slots 91 so that contaminate may settle onto 
the bottom wall 24 of the housing 12. 
The outer arcuate plate 33 is provided with a hole in 

the vapor Zone 82 through which extends a nozzle 92. 
The nozzle 92 is connected to a pump (not shown) 
which in turn is connected to a trough (not shown) 
located below the cooling coils 84. The nozzle 92 
directs a stream of clean distillate at the machined parts 
after they have emerged from the solvent in theim 
mersion chamber 80. The nozzle 92 is positioned so 
as not to interfere with the machined parts being pushed 
along the inner Surface of the plate 38. If desired, the 
nozzle 92 may be in plate 36. 
A platform 94 is secured to the front wall 22. A 

condenser 96 is supported on the platform 94. The 
condenser 96 has its inlet side in communication with 
the interior of the housing 2 above the vapor zone 82 
by means of a conduit 98 which may be a manifold con 
duit. The outlet side of the condenser 96 is connected 
to the inlet side of a fan or pump 100. A return con 
densate conduit 102 extends from the condenser 96 to a 
lower portion of the housing 12 in the area of the im 
mersion chamber 89. 
The outlet side of the fan 100 is connected to a con 

duit 102. The conduit 102 is uninsulated and extends 
along wall 14 to the wall 26 as shown more clearly in 
FIGURE 3. The conduit 92 may be supported by 
brackets. 166. The conduit 92 may terminate in a pair 
of parallel branch conduits 198 and 10. The conduits 
08 and 110 are at substantially the same level as the 

conduit 98. 

75 
The operation of the cleaning apparatus 8 of the 

present invention is as follows: 
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Machined parts having adhering contaminate are posi 
tioned on the belt 64 in any convenient manner. Move 
ment of the belt 64 causes the machined parts to fall 
off the belt 64 directly onto the outer surface of the 
inner arcuate plate 34. The machined parts to be 
cleaned are moved along the outer surface of the inner 
arcuate plate 34 by the pusher vanes 48. As the pusher 
vanes 48 move the machined parts through the vapor 
zone 82, the machined parts tumble due to gravity so 
that they are moved through the solvent in the immer 
sion chamber 80 on the inner surface of the outer arcuate 
plate 38. As the machined parts move through the vapor 
zone 82, they are degreased. As the machined parts pass 
through the solvent in the immersion chamber 80 on the 
inner surface of the outer arcuate plate 38, they are sub 
jected to the cavitation generated by the ultrasonic trans 
ducers 90. At the lowermost point of the plate 38, the ma 
chined parts are out of the control of the vanes 48 for a 
short period of time. The ultrasonic transducers 90 are 
mounted directly above and adjacent the machined parts 
when they pass out of the control of the pusher vanes 
48. At this point, the machined parts are directly sub 
jected to the cavitation generated by the transducers 90. 
The spacing between the pusher vanes 48 prevents any 
structure from interrupting the cavitation. Any con 
taminate removed from the machined parts will settle 
onto the inner surface of the outer arcuate plate 38 and 
pass through the holes or slots 91. Thereafter, the 
sediment will not be in a position to interfere with the 
cavitation generated by the ultrasonic transducers 98. 
While still being subjected to the cavitation generated 

by the transducers 90, the machined parts are moved by 
the pusher vanes 48 along the inner surface of the outer 
arcuate plate 38 out of the cavitation zone and through 
the vapor zone 82 on the lefthand side of FIGURE 2. 
As the machined parts pass through the vapor Zone 82, 
they are subjected to a stream of clean distillate by the 
nozzle 92. The stream of distillate from the nozzle 92 
rinses the machined parts. As the machined parts pass 
through the vapor Zone 82, the temperature of the parts 
is increased so that the parts may dry more readily. 
As the machined parts pass out of the vapor zone 82, 

they tumble due to gravity so that they are now being 
pushed along the outer surface of the inner arcuate plate 
36. As the machined parts are moved beyond the upper 
end 36 of the inner arcuate plate 36, they are deposited 
on the belt 74. The pusher vanes 48 continue to push 
the machined parts so that the machined parts are at 
the middle portion of the belt 74 before the machined 
parts pass out of the influence of the pusher vanes 43. 
In order that the pusher vanes may continue to have an 
influence on the machined parts, the belt 74 is caused to 
have a crown-shape in the area between the upper ends 
34 and 36' by the crown-shaped plate 79. The belt 
74 conveys the clean machined parts away from the 
cleaning apparatus 10 to any desired location. For pur 
poses of illustration, the belt 74 is shown in FIGURE 1 
as extending around rollers 66 and 72 which are sup 
ported on the housing 12. If desired, the driving roller 
72 may be supported at a location spaced from the clean 
ing apparatus 16. 
A mixture of air and vaporized solvent existing above 

the vapor Zone 82 will be sucked into the condenser 96 
due to the fan 100. The condenser 96 separates the 
mixture into liquid solvent and cool air. The liquid 
solvent is returned to the immersion chamber by con 
duit i02. The cool air will be forced by the fan 100 to 
flow through the conduit (2 and be discharged through 
the conduits 68 and 110. 
The cool air discharging from the conduits 168 and 
i0 is directed toward the cleaned machined parts there 

by accelerating the drying of entrained solvent. The 
temperature of the air returned by the conduits 108 and 
i0 is lower than the ambient temperature. Hence, the 
returned air will settle into the housing 2 above the 
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6 
vapor Zone 32 rather than rise out of the open top of 
the housing 12. Due to the low capacity of the fan 
i06, little or no ambient air from above the housing 12 
will be sucked into the conduit 98. Likewise, little or 
no vaporized solvent from the vapor zone 82 will be 
Sucked into the conduit 98. I have found that a mani 
fold conduit arrangement such as the provision of con 
duits 98, i08 and 110 becomes increasingly desirable 
as the distance between the walls 22 and 26 increases. 
The distance between these walls is sometimes less than 
two feet, then a single port in each wall is sufficient. 
The same relationship exists with respect to the length 
of the walls 22 and 26. When the length of these walls 
exceeds two feet, a manifold arrangement is more effi 
cient. The most surprising feature of the present inven 
tion is the fact that there is substantially no fumes in 
the area of the apparatus 10 and the amount of solvent 
lost due to escape of vaporized solvent is extremely small 
even though the housing 2 lacks a top wall. 
As the cleaning apparatus 10 is utilized, there is a 

gradual build-up of contaminate and sediment within 
the immersion chamber 80 on the bottom wall 24. A 
drain (not shown) may be provided so that the solvent 
within the immersion chamber 80 and the sediment may 
be removed. The cleaning apparatus 10 includes few 
moving parts so that it is not susceptible to needing any 
major repairs or overhauling. If desired, wall 26 or a 
portion thereof may be made removable so as to pro 
vide access to the interior of the housing 12. 

It should be noted that the cavitation effect concen 
trates at certain levels called power nodes wherein the 
most effective cleaning is obtained. The arcuate path 
of the parts to be cleaned assures that the parts pass 
through the power nodes. 
The present invention prevents delicately machined 

parts such as ball bearings from impinging against one 
another since they are separated by the vanes 48. The 
vanes 48 may be made of a material which is softer than 
the ball bearings so as to avoid flat spots which may be 
caused by the drop from the belt 64. 
The present invention may be embodied in other spe 

cific forms without departing from the spirit or essential 
attributes thereof and, accordingly, reference should be 
made to the appended claims, rather than to the forego 
ing specification as indicating the scope of the invention. 

claim: 
1. In a cleaning apparatus for degreasing machined 

parts comprising a housing having an open top, a me 
chanical means within said housing for receiving parts 
to be cleaned and for moving the parts through a por 
tion of said housing adapted to contain a cleaning sol 
vent, means coupled to said housing at a point above 
the level of the solvent adapted to be contained in said 
portion of said housing for removing a mixture of air 
and vaporized solvent and returning the air of said mix 
ture in a cool state to said housing at substantially the 
Same level at which the mixture was removed, whereby 
the amount of solvent lost due to vaporization and escape 
of fumes through the open top of said housing are re 
duced. 

2. In an apparatus in accordance with claim 1 where 
in said mechanical means includes fixed inner and outer 
plates, a rotary member having pusher vanes disposed 
between the inner and outer plates, and means coupled 
to said rotary member for rotating the same. 

3. In an apparatus in accordance with claim 1 in 
cluding means within said housing providing a vapor 
Zone below the level at which the mixture of air and 
vaporized solvent is removed by said last mentioned 

caS. 

4. In a cleaning apparatus in accordance with claim 
1 wherein said last mentioned means includes a fan hav 
ing its inlet side coupled to the interior of said housing 
through a condenser, a conduit extending from the oppo 
site side of said fan, and said conduit being connected 
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to said housing and operatively associated with said 
mechanical means so that cool air may be returned to 
said housing at a point wherein it may be directed at 
machined parts which have been conveyed through the 
solvent adapted to be disposed within said portion of 
said housing. 

5. In an apparatus in accordance with claim 1 wherein 
said last mentioned means includes a first manifold 
structure, a condenser, said condenser being in com 
munication with said housing through said first manifold 
structure, a fan, the inlet side of said fan being in 
communication with said condenser, a second manifold 
structure, a conduit having one end coupled to the out 

3. 
put side of said fan, the other end of said conduit being 
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in communication with said housing through said second 
manifold structure, and a conduit extending from said 
condenser to said portion of said housing for returning 
condensed solvent thereto. 
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