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METHOD OF TRANSMISSION OF SONIC
ENERGY TO WORK PIECES

This invention relates to a method and means for
transmitting sonic energy to a work piece for utilization
of the sonic energy in the processing or treatment of the
work piece and it relates more particularly to a fixture
in which the work piece is retained for the transmission
of the sonic energy thereto.

It is an object of this invention to provide a method
and means for transmission of sonic energy to a work
piece whereby efficient and effective use can be made of
the energy transmitted in processing or in the perfor-
mance of some beneficial effect on the work piece.

The invention will be described with reference to the
removal of cores from a metal casting with particular
reference being made to castings made. of aluminum
because of the low temperature at which the aluminum
is cast whereby thermal decomposition of the binder is
mihimized thereby to introduce problems in the re-
moval of the cores from the solidified casting. It is for
this reason that the industry has not been able to make
use of conventional shakeout systems for sand core
removal. The use of abrasive blast systems for the re-
moval of cores is also difficult, especially in aluminum
castings, by reason of damage to the castings.

Other conventional means for the removal of cores
from castmgs by treatment with liquids for dissolving
out the cores is not only slow and cumbersome but very
expens1ve, and impacting of.the castings with percus-
sion tools is inconclusive and often destructive to the
cast metal part.

Thus it is_an object of thls invention to provide a

method and means for utilization of sonic energy with
means for transmission of such energy to the cored
metal casting whereby the core is removed quickly,
efﬁcrently and effectlvely without damage to the cast-
ing,
These and other objects and advantages of this inven-
tion will hereinafter appear and for purposes of illustra-
. tion, but not of limitation, embodiments of the invention
_are shown in the accompanymg drawings in which:
FIG. 1 is a top plan view of the vibratory devrce
‘employed in the practice of this invention; -

... FIG.2is aside elevatlonal v1ew of the device shown
- in FIG. 1; '
- 'FIG. 3.is a standmg wave pattern generated by the :

: v1bratory device.of FIG. 1;

* . FIG. 4'is a front elevatlonal view of - the bulkhead
" mountmg on the ends of the tubular members; - -~
FIG. 5 is'a'sectional view. show1ng the saddle clamp

k ' mountmg for.the bulkheads;
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utilization of such transmitted energy has application to
the processing of other parts and materials and will
become obvious from the description hereafter given of
the invention.

Applicant does not claim to be the inventor of the

‘sonic vibration generator. Briefly described, the sonic

vibrator generator, employed in the practice of this
invention, comprises an orbiting-mass oscillator formed
of a pair of elongated resonator members, such as elon-
gated hollow tubes 10 and 12 formed of high strength,
highly elastic material such as steel. The tubes are resil-

iently supported by bulkheads 44 and 46 onto a rigid

frame 18 by means of compliant saddle 20 clamp plate

assemblies 22 spaced one from the other along the

length of the tubes at positions corresponding to the
nodes of a standing wave pattern (FIG. 3) set up in the
resonant vibration system formed by the tubes. The
mounting brackets are attached to the frame members
via cup mounts 24 to isolate sound and to minimize
shear.

An orbital-mass oscillator 26 is fixedly attached to the
tubes 10 and 12 by means of a clamping plate assembly
28 which extends crosswise of the tubes to support the
oscillator therebetween. The orbital-mass oscillator has
an eccentric rotor (not shown) member mounted for
rotational movement in a plane perpendicular to the axis
of the tubes and is connected by a shaft 30 to a driving
motor 32 in the form of an electrical or hydraulic motor
mounted on beams 34 supported by the frame members
18 whereby the oscillator is adapted to be rotated to a
speed to generate v1bratory energy at a sonic frequency.

The speed of rotation is adapted to provide a vibra-
tory output from the oscillator 26 which causes reso-

-nant standing wave vibrations of the resonator tube

members 10 and 12, as indicated by the standing wave
graph pattern of FIG. 3.

‘The tubes are thus supported at the two node points
which. theoretically have minimum amplitude, do not
move, and are the points of minimum energy output.
The center and extreme ends of the resonant power.
tubes 10 and 12 are referred to as anti-nodes. The anti-
nodes are characterized by having maximum amplitude -

" and energy output.
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FIG. 6.is a side elevational view of a ﬁxture embody- ;

mg ‘the features ©of this mventlon w1th a castmg therem-

in posmon of use;

"FIG. 7isatop plan view of the ﬁxture of FIG 6; and .

FIG 8i is a'side elevational view of another embodi-

"”‘:';tlon - : .
It w1ll be understood that the concepts of thxs inven:

will have equal appllcatlon to the removal of corés from

S «castings other than of aluminum, such’as from casting:

“formed of. other. .metals, such as steel, superallay, zinc;

55

The fixture, embodying the features of this invention
for transmission of energy from the orbital-mass oscilla-

tor to a work piece, is adapted to be mounted by attach-
. ment to the resonant tube members at one or the other
- or. both ‘anti-nodes. of the standing wave pattern.. A

work fixture is required to retain the work piece and to

‘transmit the energy. of the anti-nodes of the orbital

transmlssmn system into the work pieces.
- While a fixture for supporting the work can be em-

ployed at each of the anti-node locations, it is preferred

to make use of a single fixture connected to the tubes at
one. of the anti-node locations. and the invertion will

_hereinafter be described with respect thereto, it being

~understood that'the construction to be described can be
. - duplicated when use is ‘made of the other anti-node
- ment’ of a ﬁxture embodymg the features of thrs 1nven-; K ’

location. .
It has'been found that in order to’ achleve a workable i

o attachment of thie fixture to the resonant tubes 10 and
'-‘_-tlon, as‘applied to core knockout of aluminum castmgs, ;
: s _nally spaced, crosswise extending, interconnected bulk-

" heads 40-and .42 clamped onto the-end portions of the -

-65
amum, zrrcomum, s1lver, gold and other metals and: .

12, it is important to make use of at least two longitudi-

‘tubes. When' use is-made of but a single bulkhead: for
‘interconnection of the resonant tubes with the fixture,’
“ such! leveraged loads are _developed in operation as‘to-
. ‘l'cause almost 1mmed1ate destructlon ‘of the connectmgl
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bolts as well as deterioration of equipment. It has been
found that it is necessary to provide for a rigid support
between the fixture and the resonant tubes such as can
be achieved by double, triple or multiple interconnected
bulkheads to which the fixture can be attached.

In the illustrated modification, use is made of a pair of
bulkheads 40 and 42 formed of upper and lower steel
plates 44-and 46 dimensioned to extend crosswise of the
tubes 10 and 12 with each bulkhead provided with sad-
dle clamps 20 in the form of semicircular sections with
the saddle clamps spaced crosswise by an amount corre-
sponding to the spacing of the tubes so as to embrace
the tubes therebetween. The upper and lower sections
44 and 46 of the bulkhead are joined by elongate bolts
50 extending through aligned openings. The through
extending end portions are threaded for threaded en-
gagement by nut members 52 whereby the saddle
clamps can be tightened to grip the tubes therebetween
securely to mount the bulkheads onto the anti-nodes of
the resonant tubes. The bolts 50, which are formed of
high tensile strength steel, are preferably fabricated,
plunge ground and then surface peened to place the
bolts under compressive stress for improving fatigue
resistance after which threads are rolled onto the end
portions thereof.

In assembly, the nut members 52 are tightened onto
the opposite ends of the bolts until the desired stress is
achieved, as measured by the elongation of the bolt.

It has also been found that direct metal to metal
contact between the clamping saddle members and the
tubes normally results in the buildup of excessive
amounts of heat during the transmission of the energy
from the tubes to the bulkheads with the result that
parts are subject to excessive deterioration. This prob-
lem can be overcome by providing a compliant member
between the saddles and the tubes to permit some rela-
tive movement between the parts. However, when rub-
ber, plastic or other organic material is employed for
this purpose, the compliant member has been found
rapidly to deteriorate under the conditions of use. The
desired results have been achieved by the use of a com-
pliant material formed of interbonded, soft, compliant,
inorganic fibers, such as asbestos, with our without
binder. The asbestos is provided in the form of a tubular
or ring section 60 which is adapted to seat within an
annular groove 62 formed in the inner peripheral sur-
face of the saddle members 48 and dimensioned to have
a thickness greater than the depth of the grooves so as
to extend beyond the saddle. members into pressure
engagement with the gripped peripheral portion of the
tubes whereby the compliant material is compacted

“when the saddles of the bulkheads are properly
mounted on the tubular members.

The important concept of this invention resides in the
fixture which is secured to the bulkheads for conjoint
movement therewith. The fixture is generally in the
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form of an enclosure having an open end for the dis- .

placement of the part to be processed into and out of the
enclosure.

A significant feature of the fixture resides in the rela- ¢

, ‘tlve moveinent permitted to occur between the part and
_ - the fixture, when measured in the direction perpendicu-
" lar' to the plane formed. by the -axis. of the orbo-reso-

~ nance tubes (or the - major - dimension: of the orbital

movement-at the anti-node) as compared to the ampli-
- tude at the anti-node in the same direction., The amount
. of movement perinitted is determined; in accordance
' w1th ‘the practice of this mventlon, by the clearance
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between one or more abutments in the fixture and an
upper surface of the part while at rest in the fixture.
Optimum effect is secured when the clearance is equal
to the amplitude of the tubular members at the anti-node
or point of attachment. Under these conditions, during
operation, the work is impacted at vibration frequency
between its support and the abutment with the transmis-
sion of energy sufficient to cause almost immediate
disintegration of the core. In affect, the portion of the
core immediately adjacent the walls of the casting is
crushed in response to such activation whereby the core
is freed for removal, with or without subsequent disinte-
gration by continued operation.

It is preferred to continue sonic vibration for orbital
resonance for a short period of time further to break up
the core into smaller segments whereby the core mate-
rial can operate to burnish the surface of the casting, as
an added benefit, and whereby the core material can be
broken down into small particles for flow from the
casting for substantially complete removal. It is undesir-
able to subject the work piece to prolonged treatment
since the energy transmitted is of such magnitude as
possibly to bring about breakdown of the part.

When the clearance exceeds the amplitude by more
than 50%, the part tends to float between its support
and the abutment with the result that little if any impact
occurs between the part and fixture for core removal.
While impact at orbital frequency will occur when the
tolerance is less than the amplitude, the effect is materi-
ally reduced so that it is undesirable to provide for a
tolerance that is less than 50% of the amplitude.

The abutment or abutments should be arranged so
that the casting or other part is engaged in areas that
will tolerate such impacts and such metal flow as may
occur as a result thereof, as when the formed parts are
of softer metals such as cast aluminum. It is preferred to
locate the abutments to engage the part over an ex-
tended area whereby the load can be distributed with
correspondingly less danger of deformation or destruc-
tion of the part.

The supporting fixture is adapted -removably to be
secured to the bulkheads 40 and 42 for movement there-
with. The fixture can be secured to extend below the
bulkheads, above the bulkheads, or in axial alignment
with the tubes, alongside or in endwise alignment with
the tubes.

FIGS. 6 and 7 are illustrative of fixtures embodying
the features of this invention.

FIG. 6 is a schematic illustration showing the con-
cepts of the invéntion. In FIG. 6, the fixture is formed of
a top plate 70 rigidly secured by bolts 72 to the pair of
bulkheads 40 and 42 to establish a rigid interconnection
therebetween.' A bottom plate 74 is formed with a cen-
tral V-shaped section 76 to conform to the contour of
the underside of a casting 78 to be inserted therein for
processing. The forward and rearward upper edge por-
tions 80 and 82 of the bottom plate.extend as flanges in '
paralle] relation with the underside of the top plate 70
for attachment thereto, as by bolt and nut means 84.

The joined ‘top and bottom plates 70 and 74 form a
housing therebetween which is open at one end to en-
able the casting'78 or other part to be displaced into and
out of the housing. The other end may be closed or
open. When . open, it is desirable to provide a stop to
block the displacement of the castmg or part there-
through. _

The 1mportant feature” re51des in the clearance be-
tween an abutment, 86 secured, as:by bolt means 88 to
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the underside of the top plate and the upper adjacent
surface 90 of the casting 78 when at rest on the bottom
wall 74 of the housing. In the illustrated modification,
the orbo-resonant tubes 10 and 12 are operated to vi-
brate at a frequency of =~ 100 Hertz or 6,000 vibrations
per minute at an amplitude, at the anti-node, of 4 mm.
Under these conditions, the clearance 92 between the
abutment 86 and the adjacent top surface 90 of the
casting at rest in the housing is adapted to correspond to
the amplitude of 4 mm.

In operation, the impacts between the casting 78 and
the housing occur at vibration frequency. Within a few
seconds or fractions thereof, the sand particles of the
core are seen to flow from the casting into the housing
and from the open ends of the housing. Within a matter
of a few seconds, up to about 15 seconds, the operation
of the resonance tubes can be terminated and the
cleaned casting removed from the housing.

When operating with a housing open at both ends, an
in-line arrangement can be provided for the continuous
or intermittent feed of casting or parts through the
housing, in one end and out at the other. In the alterna-
tive, the casting or part can be displaced into and out of
one end of the housing.

In the modification shown in FIG. 8, illustration is
made . of a casting 100 inserted between rigid vertically
spaced arms 102 and 104 rigidly secured at their rear-
ward end portions, as by means of bolts 106, to the pair
of bulkheads 40 and 42 for interconnection therebe-
tween. The arms extend forwardly of the pair of bulk-
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heads with the casting adapted to be disposed therebe-

tween. Each arm 102 and 104 is formed at its outer ends
with open ended facing grooves 108 and 110 adapted to
conform somewhat to the configuration in the end por-
tions of the casting or part 100. The casting 100 is in-
serted endwise into and out of the grooves. The lower
abutment comprises the bottom wall 112 of the groove
on which the lower edge of the casting normally rests.
The upper abutment comprises the top wall 114 of the
groove 108 in the upper arm 102 with a tolerance or
spacing of 4 mm between the adjacent upper edge of the
casting and the abutment so that the casting moves
between the abutments at an amplitude corresponding
to the amplitude at the anti-node during operation of the
device.

The other tolerences are not important since vibra-
tory movement in such other directions are insignifi-
cant. It is only desirable that sufficient tolerance be
available for easy movement of the part or casting into
and out of the described holder without letting the part

" fall from the holder.

It will be apparent that the foregoing concepts can be
adapted to various holders, housings and containers for
processing of castings or other parts in accordance with
the practice of this invention.

Instead of utilizing the vibratory energy transmitted
from the orbo-resonant tubes for the removal of core
and the cleaning of castings, the energy released can be
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utilized in other processing operations wherein the cast-
ing or part is contained within a housing embodying the
described tolerances but in which fluid or other particu-
late matter is contained within the housing for surface
treatment or finishing of the casting or part.

Transmission of sonic energy by orbo-resonance, as
employed in the practice of this invention, relates to the
production of magnified sonic power by creating a
resonance response in an elastic system through the
application of periodic force reaction mechanically
generated by an orbiting body which is driven by a
power source as described in U.S. Pats. No. 2,796,702;
No. 2,960,314; No. 3,217,551; No. 3,229,722; No.
3,308,671; No. 3,380,195; No. 3,544,292; and No.
3,496,677.

In the practice of the invention, the desired transmis-
sion of sonic energy can be effected at frequencies
within the sound range such as frequencies without the
range of 10-15,000 Hz and preferably about 100 Hz.
The lower the frequency, the higher the amplitude in
resonance. The higher the frequency, the lower the
amplitude in resonance.

It will be understood that changes may be made in the
details of construction, arrangement and operation,
without departing from the spirit of the invention, espe-
cially as defined in the following claims.

I claim:

1. A method for transmitting vibratory energy to a
part from a vibratory member adapted to vibrate at
sonic frequency comprising securing a fixture to said
vibratory member, said fixture having spaced abutment
surfaces, inserting the part into the fixture to between
said abutment surfaces whereby the clearance between
one abutment surface and the adjacent surface of the
work piece, while the work piece is at rest on the other
abutment surface, is within the range of +=50% of the
amplitude of the vibrations at the point of attachment of
the fixture to the vibration generator.

2. A method for knocking out cores from metal cast-
ings by sonic energy transmitted from a vibratory mem-
ber mounted for vibration at sonic frequency, compris-
ing securing a fixture to said vibratory member having
spaced abutment surfaces, inserting the casting into said
fixture for disposition between said abutment surfaces
whereby the clearance between one abutment surface
and the adjacent surface of the work piece, while the
work piece is at rest on the other abutment surface, is
within the range of =50% of the amplitude of the vibra-
tions at the point of attachment of the fixture to the
vibration generator.

3. The method as claimed in claim 2 in which the
abutment surfaces are vertically spaced in the fixture
and the casting, when inserted, rests on the lower abut-
ment surface to provide a spaced relation between the
upper abutment surface and the upper surface of the

casting which is substantially equal to the amplitude.
I . I .
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