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ABSTRACT OF THE DISCLOSURE

An apparatus particularly suited for recovering matter
adhered to a host surface. The apparatus is characterized
by a pickup head having an ultrasonic transducer adapted
to deliver ultrasonic pressure waves to impinge against
matter adhered to the surface for thus agitating the mat-
ter to effect its separation from the surface, and an in-
tegrally related vacuum system which serves to recover
the separated matter and deliver such matter to a catch
basin wherein the matter is entrapped to be recovered
for examination and/or disposal.

ORIGIN OF INVENTION

The invention described herein was made in the per-
formance of work under a NASA contract and is subject
to the provisions of Section 305 of the National Aero-
nautics and Space Act of 1958, Public Law 85-568 (72
Stat. 435; 42 USC 2457).

BACKGROUND OF THE INVENTION
(1) Field of the invention

The invention relates to an apparatus for recovering
matter adhered to a host surface, and more particularly
to an apparatus which serves to cause adhered matter
to be agitated for purposes of achieving a separation of
the matter from its host surface, and an integrally related
vacuum system for developing a vacuum adjacent to the
host surface for removing the matter once its separation
has been achieved.

(2) Description of the prior art

The prior art includes various types of apparatus and
systems employable in removing matter from various en-
vironments. For example, it is common pratice to brush,
scour, and vacuum surfaces for purposes of removing for-
eign matter. Also, abrasive streams of fluid, both air and
water, and solvent baths often are employed in removing
foreign matter from given surfaces.

When sterilizing or removing foreign matter found on
certain surfaces, such as the external surfaces of a space-
craft, it is imperative that the matter be removed without
damaging the host surfaces. Additionally, when removed
matter is to be examined and analyzed, it must be en-
trapped in a manner consistent with such purposes. One
technique commonly employed in sterilizing spacecraft in-
volves “washing” the surfaces with selected solvents and
then recovering from the “spent” solvent matter removed
during washing, preparatory to the examination and/or
disposal of the recovered matter. However, for reasons
which should readily be apparent, certain instrumentation,
particularly that found aboard spacecraft, simply cannot
withstand the rigorous effects of chemical solutions or sol-
vents commonly employed in sterilization. Hence, the use
of solvents is severely impeded.

As a practical matter, apparatus of a type which em-
ploy vacuum systems have not provided totally satisfac-
tory solutions to the problems commonly encountered in
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2

sterilizing surfaces and examining recovered microscopic
materials. This is particularly true where the matter is the
external surfaces of spacecraft and the like. This results,
in part, from a persistent lack of practical devices capable
of causing microorganisms and other microscopic mate-
rial to separate and become disassociated from its host
surfaces.

The difficulties commonly encountered in removing and
recovering matter from host surfaces, of course, are in
no way unique to the fields of sterilization of spacecraft,
since similar problems plague those involved in sterilizing
surfaces employed in “clean rooms,” hospitals, and the
like, as well as those involved in the recovery and exami-
nation of microscopic matter for criminological and in-
dustrial purposes.

Accordingly, there currently exists a need for a prac-
tical apparatus which readily can be utilized in remov-
ing and recovering from host surfaces various types of
matter, including viable microorganisms and microscopic
particles which often adhere to surfaces incapable of with-
standing the rigorous deleterious effects of abrasion, im-
pact and chemical solutions of the type commonly em-
ployed in solvents, and the like.

" OBJECTS AND SUMMARY OF THE INVENTION

Accordingly, it is an object of the instant invention to
provide an improved apparatus for recovering matter ad-
hered to host surfaces.

It is another object to provide an improved apparatus
for removing microscopic particles and microorganisms
from host surfaces of spacecraft.

It is another object to provide an improved apparatus
which employs an ultrasonic transducer for purposes of
vibrating matter adhered to host surfaces for causing the
matter to become separated from the surfaces.

Another object is to provide an apparatus employing
an ultrasonic transducer within 2 vacuum system to pro-
vide an apparatus for removing microorganisms and
microscopic matter from delicate surfaces.

Another object is to provide an apparatus including
an integrally related ultrasonic transducer and a vacu-
um collector for purposes of removing microorganisms
and particulate matter adhered to host surfaces of the
type commonly found aboard spacecraft and the like.
Another object is to provide a unique apparatus capable
of removing microorganisms and microscopic matter from
delicate host surfaces, employing ultrasonic pressure
waves and a vacuum, and delivering the microorganisms
and microscopic matter to a catch basin wherein the de-
livered microorganisms and microscopic matter are re-
tained for purposes of conducting examination, experi-
mentation and growth.

These and other objects and advantages are achieved by
providing within a pickup head coupled with a vacuum
system an ultrasonic transducer so directed as to agitate
and thus effect separation of matter adhered to a host
surface, and, subsequently, deliver the matter thus sep-
arated to a catch basin for purposes of entrapping the
matter within a selected medium, whereby recovery is
rendered complete.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a schematic view depicting an apparatus which
embodies the principles of the instant invention.

FIG. 2 is a perspective view of the pickup head em-
ployed by the apparatus illustrated in FIG. 1.

FIG. 3 is a partially sectioned view of the pickup head
illustrated in FIG. 2.

FIG. 4 is a modified form of the catch basin illustrated
in FIG, 1.
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DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now to the drawings wherein like reference
characters designate like or corresponding parts through-
out the several views, there is shown in FIG. 1 an appara-
tus which embodies the principles of the instant invention.

The apparatus includes a pickup head 10 operatively
coupled with a vacuum pump 12 through a segmented
vacuum conduit 14. The vacuum conduit 14 includes a
catch basin 16 interconnected with the pickup head 10,
through a first conduit segment 18, and the vacuum pump
12, through a second conduit segment 20. Where pre-
ferred, the conduit 14 is fabricated employing flexible tub-
ing materials.

As a practical matter, the pickup head 10 includes a
body, of a simplified, sandwiched configuration, fabricated
from any suitable machinable stock material. As best il-
lustrated in FIG. 3, the conduit segment 18 is coupled
with a vacuum chamber 22 drilled or otherwise established
within the head 10. The body 24 also is machined, drilled,
or otherwise operated upon to provide a recovery orifice
26 through which matter is delievered to the head 10
from an adjacent host surface. In addition to the recovery
orifice 26, the head 10 also is provided with an air inlet
orifice 28 through which air is introduced, responsive to
an establishment of a vacuum or a low pressure condi-
tion within the vacuum chamber 22 as a stream of air is
delievered through the conduit 14 to the vacuum pump
12.

Within the vacuum chamber 22 there is provided a
transducer which functions to propagate ultrasonic pres-
sure waves 29 through the recovery orifice 26 for caus-
ing the propagated waves to impinge against and thus
agitate matter disposed adjacent the recovery orifice.
Where the matter is adhered to a host surface, it is de-
sirable to agitate the matter with a vigor sufficient to
cause the matter to be released by the surface, regardless
of the state of viability of matter. Hence, the frequency
of the transducer preferably is variable.

In practice, a piezoelectric crystal 30, electrically cou-
pled through leads 31 with a suitable power oscillator
circuit 32, serves quite satisfactorily as a transducer and
is particularly suited to be mounted within the head 10.
In such instances, the crystal 30 is mounted within the
pickup head through a plurality of screw-threaded mount-
ing pins 33 associated with the crystal in any suitable man-
ner. The oscillator circuit 32 is of any convenient design
and is adapted to drive the crystal 30 at a variable fre-
quency, and in a well known manner, for establishing
ultrasonic pressure waves which are directed through the
orifice 26. A suitable power supply 34, of a type com-
monly employed with such circuits, is employed in sup-
plying power to the circuit 32. As the specific transducer
employed forms no specific part of the instant invention
and in view of the fact that such devices are well known
and commercially available, a detailed description of the
transducer is omitted in the interest of brevity.

However, as should be understood, as the crystal 30 is
energized, in response to an energization of the oscilla-
tor circuit 32, the resulting ultrasonic pressure waves 29
are delivered through the recovery orifice 26 and are
caused to impinge against an adjacent surface, not shown,
for thereby agitating and causing matter, including partic-
ulate matter and microorgnisms, attached to the host sur-
face to vibrate and thus separate from the host surface.
Consequently, as the vacuum pump 12 is activated, for
thereby establishing a vacuum within the vacuum cham-
ber 22, the thus separated matter is drawn into the vac-
uum chamber 22 and thence through the conduit segment
18 ultimately to be deposited in the catch basin 16.

It is to be understood that the catch basin 16 includes
an hermetically sealed tank 36 having a suitable, sealable
opening formed therein configured to sealingly receive a
terminal portion 38 of the conduit segment 18. The ter-
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minal portion 38 is provided with a terminal orifice 39
positioned above the lowermost surface or floor of the
tank 36. The vacuum pump 12 also communicates with
the interior of the tank 36, through the conduit segment
20 and an opening 40, formed within the tank 36 at a
location well above the floor of the tank 36. Consequently,
as a vacuum is established within the vacuum chamber
22 it also is established within the interior of the hermeti-
cally sealed tank 36. Hence, it can be appreciated that
any vacuum established within the chamber 22 must be
drawn through the tank 36 of the catch basin 16.

As a practical matter, about the recovery orifice 26
there is provided a bumper-pad 42, which includes there-
in an opening formed congruent with the recovery orifice
26. The bumper-pad 42 preferably is formed of a suitable
resilient material, such as that commercially available
under the trade name Teflon. It is intended that the bump-
er-pad 42 act as a cushion between the surface of the
pickup head 10 and the host surface being subjected to
the effects of the head in order to preclude damaging the
host surface as the head 10 is moved therealong for pur-
poses of removing matter from the host surface.

In order for the catch basin 16 to function in its in-
tended manner, it is provided with a suitable medium dis-
posed therewithin for purposes of entrapping matter re-
moved from the host surface and delivered to the catch
basin 16, via the vacuum chamber 22 and the conduit
segment 18. As illustrated, a body 44 of fluid is deposited
within the tank 36 in a quantity sufficient to cause the
terminal orifice 39 of the terminal portion 38 of the
conduit segment 18 to be inundated so that air and matter
extracted through the recovery orifice 26 and the air inlet
orifice 28 are caused to pass through the body 44. Hence,
matter borne by the stream of air, as it flows from the
vacuum chamber 22 through the conduit segment 18, is
caused to be deposited within the body of liquid.

The nature of the liquid of the body 44 is dictated by
the nature of the particles to be entrapped. For example,
where particulate matter being recovered has an affinity
for water, the liquid preferably is water. Of course, the
viscosity of the liquid should be such as to prevent an
escape of matter delivered thereto. Also, it is important to
understand that it may be preferred to employ the body
44 as a culture, whereby living microorganisms delivered
thereto are afforded an opportunity to multiply for pur-
poses of examination and subsequent study. Additionally,
it is to be understood that in lieu of the body 44, the
material employed within the tank 36 may be provided
as a body 46, FIG. 4, of solid, or semi-solid, material
which also functions as a culture medium. In such in-
stances, the body 46 is disposed beneath the level of
the terminal orifice 39 so as to accommodate an impac-
tion and embedding of the matter being extracted from
the host surface and delivered to the basin 16. Addition-
ally, the body 46 may be formed from a tacky substance
which permits the impacted matter to adhere thereto.

In any event, it is to be understood that the body 44
of liquid acts as a trap for entrapping materials separated
and extracted from a host surface and delivered to the
basin 16 via the conduit segment 18. Of course where
the body 46 is employed a similar function is performed
thereby. Where desired, the bodies 44 and 46 can be
formed of materials toxic to the recovered matter.

Where the bodies 44 and 46 are employed as a culture
medium, the material extracted from a host surface is
afforded an opportunity to grow and multiply so that a
study of matter is facilitated. Additionally, non-viable
particles can be analyzed employing any standard tech-
nique or device, such as a common microscope, for pur-
poses of detecting particle size, distribution, nature of
material and other characteristics of any particular in-
terest which are capable of being detected in such a
manner.
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OPERATION

It is believed that in view of the foregoing descrip-
tion, the operation of the device will be readily under-
stood and it will be briefly reviewed at this point.

When utilizing the apparatus which embodies the prin-
ciples of the instant invention, a transducer is mounted
withint he head 10, while the vacuum chamber 22 of
the head pneumatically is coupled with the catch basin
16 through a conduit segment 18. Where desired, this seg-
ment of the conduit 14 is a flexible segment which accom-
modates positioning of the head 10. The vacuum pump
12 also is coupled with the catch basin 16, through the
conduit segment 20. With the device thus assembled, the
transducer is energized and rendered effective for pro-
pagating ultrasonic pressure waves through the recovery
orifice 26, concurrently with an energization of the vac-
uum pump 12. The head 10 then is advanced along the
host surface in incremental steps consistent with the
surface area of the recovery orifice 26 so that matter ad-
hering to the host surface is caused to vibrate, and thus
agitate, as the pressure waves impinge thereupon for pur-
poses of effecting a separation of the matter from the
host surface.

As the matter is separated from the host surface, in
response to an impingement of the ultrasonic pressure
waves, a flowing stream of air is established through the
air inlet orifice 28 and caused to pass through the vac-
uum chamber 22, while acquiring the matter separated
in response to impinging ultrasonic pressure waves. The
separated matter thus is swept from the recovery orifice
26 and carried along the conduit segment 18, as the
stream of air is caused to extend from the orifice 28 to
the vacuum pump 12. As the stream passes through the
catch basin 16, the matter borne thereby is deposited in
the body 44 of liquid, or, where desired, caused to impact
on the body 46 of solid or semi-solid material disposed
beneath the terminal orifice 39 of the terminal portion
38. In the latter instance, it has been found preferable
to permit the material to embed in the body 46. Of course,
the body 46 may be tacky for causing the matter to ad-
here thereto.

Once matter is recovered from a host surface the tank
36 is opened, through any suitable means, so that access
is afforded to the matter removed from the host surface
and entrapped therewithin. The matter thus recovered
then is treated in a manner consistent with the intended
purposes of the use of the head 10.

In view of the foregoing, it should readily be apparent
that the apparatus which embodies the principles of the
instant invention is a practical apparatus which has utility
in effectively cleaning host surfaces, without subjecting
the surfaces to deleterious effects of impact, abrasion, or
chemical solutions.

Although the invention has been herein shown and de-
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scribed in what is conceived to be the most practical and
preferred embodiment, it is recognized that departures
may be made therefrom within the scope of the inven-
tion, which is not to be limited to the illustrative details
disclosed.

What is claimed is:

1. An apparatus for recovering matter adhered to a
host surface comprising:

(A) a pickup head including means defining therein a
recovery orifice adapted to be positioned adjacent
to said host surface;

(B) a transducer associated with said pickup head for
directing a series of ultrasonic pressure waves to
impinge against said matter for thus agitating the
matter, whereby the matter is caused to be separated
from said surface;

(C) fiuid delivery means including an inlet orifice for
delivering a stream of fluid consisting essentially of
ambient atmospheric air through said pickup head
and along said surface for collecting and transporting
separated matter away from the host surface;

(D) means defining within said pickup head a vacuum
chamber;

(E) avacuum pump;and

(F) a vacuum conduit extended between said vacuum
pump and said vacuum chamber for conducting said
stream of fluid from said pickup head to said pump,
including a catch basin coupled within the conduit
between said head and said pump, and a body of
liquid confined within said basin through which said
stream of fluid is bubbled for entrapping separated
matter as the stream of fluid is conducted to said
pump.

2. The apparatus of claim 1 wherein said body of
liquid comprises a toxic material adapted to destroy
selected microorganisms as they are entrapped in said
liquid.

3. The apparatus of claim 1 wherein said body of
liquid comprises a culture medium for propagating se-
lected microorganisms.
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