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ABSTRACT OF THE DISCLOSURE 
An apparatus for generating vibrations utilizing an 

inertia ring mounted for orbital movement relative to a 
member wherein a work chamber is formed between the 
opposed surfaces of the ring and the member, said ap 
paratus being characterized in the use of means for mov 
ing the ring orbitally relative to the member while main 
taining at all times during such movement a predeter 
mined amount of minimum separation between the op 
posed surfaces of the ring and the member. The means 
for moving the ring orbitally relative to the member in 
cludes means for supplying to the motor cavity, during at 
least approximately one-half of each cycle, a predeter 
mined amount of fluid of substantially constant pressure 
without substantially any linear mass velocity, the Vol 
ume of fluid equaling the instantaneous volume of the 
motor cavity whereby the increase volume of fluid, to be 
disposed within the motor cavity, occurring from ex 
pansion of the fluid substantially equals the increased 
volume of the motor cavity during movement of the ring. 
The means for moving the ring orbitally relative to the 
member also includes means for effecting at least a partial 
decompression of the motor cavity and exhausting the 
exhaust cavity. 

This invention lies in the field of vibration generators 
such as those used in compacting freshly poured con 
crete and operating shaking machines of various types 
but is not limited thereto. It is directed particularly to the 
type of apparatus in which a component of substantial 
mass is moved in an orbital path with respect to the 
balance of the apparatus to produce alternating force re 
sultants in opposite directions. More specifically it is di 
rected to the type of vibrator in which an inertia ring 
is caused to gyrate about a central core in an orbital 
path, using compressed fluid as the power Source. 

Devices of the type mentioned above are generally 
classed as "rotary vibrators' because in fact the un 
balanced weight component has an axle which is mounted 
in bearings to allow rotation of the component, or the 
component actually rolls around a track of Some kind. In 
one form, a solid or hollow cylindrical weight rolls in 
contact with the inner wall of a cylinder of larger diam 
eter. In another form, a hollow cylindrical weight in the 
form of a ring rolls in contact with a core having a diam 
eter less than the inside diameter of the ring. 
The various types of vibrators mentioned above per 

form their intended functions quite well but they have 
drawbacks which reduce their efficiency or service life 
and in many cases are far more complicated mechanically 
than their basic operation can justify. The multiplicity of 
moving parts is one of the factors increasing the main 
tenance costs. Another is the fact that the parts which roll 
on each other are subject to rather heavy loads by the very 
nature of the operation, the whole purpose of which is 
to produce unbalanced loads. The wear on these parts is 
very rapid. When an excessive amount of pressure fluid is 
introduced in each cycle of operation, efficiency is re 
duced because only a low proportion of the available 
expansion energy in the compressed fluid is utilized. On 
the other hand, if insufficient pressure fluid is introduced, 
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2 
the power output is less than the theoretical capacity of 
the apparatus. 
The present invention overcomes the disadvantages 

mentioned above by providing an apparatus which oper 
ates on the same broad principles as other inertia ring 
types but which encounters a minimum of wear by using 
the pressure fluid as a lubricant and as a natural mass 
preventing direct physical contact between the moving 
inertia ring and the stationary supporting member. The 
extent and timing of the opening of the inlet and outlet 
ports is such as to insure entry of the proper amount of 
Working fluid in each cycle and adequate provision for 
exhausting the fluid at the proper time in the sequence. 
Moreover this is accomplished with a minimum of com 
plexity, there being only two moving parts in the as 
sembly. 

Briefly and generally stated, the apparatus comprises 
a spool-shaped supporting member having a central cylin 
drical core and a pair of laterally extending end walls 
defining a cylindrical work chamber. An inertia ring is 
mounted in the work chamber for free oscillatory move 
ment in any direction radial of the core. To provide for 
this free movement, the inner diameter of the inertia 
ring is substantially larger than the diameter of the core, 
and the length of the ring is slightly less than the longi 
tudinal distance between the inner faces of the end walls. 
Thus the ring can gyrate about the core, following an 
orbital path, and produce centrifugal force successively in 
all directions radial of the core, the force being trans 
mitted to the core and its associated elements through 
the medium of the mass of compressed fluid, which then 
apply the force externally for useful purposes such as 
compacting freshly poured concrete. 
To drive the ring in its orbital movement it is neces 

sary to provide a motor cavity and an exhaust cavity and 
to supply fluid under pressure to the motor cavity, the 
fluid being discharged out of the exhaust cavity after it 
has done its work. For these purposes a guide slot is 
formed in the core extending longitudinally between the 
end walls and extending radially from a location near 
the axis of the core to the surface of the core. A barrier 
blade is mounted in the slot with sufficient clearance to 
permit it to move readily in a radial direction. The blade 
is preferably flat and rectangular in planform and is 
slightly shorter than the axial distance between the end 
walls to provide clearance at each end of the blade. The 
outer free edge of the blade is straight and smooth and 
adapted to contact the inner surface of the inertia ring in 
sealing engagement at all times during operation to define 
the initial point of a motor cavity of variable volume and 
peripheral extent between the core and the inertia ring 
and the end point of an exhaust cavity of variable volume 
and peripheral extent between the core and the inertia 
ling. 

inlet and outlet ports are provided in one end wall, 
and in the presently preferred embodiment are provided in 
both end walls. The inlet port communicates with the 
work chamber on the motor side of the blade and the 
outlet port communicates with the work chamber on the 
exhaust side of the blade. The inertia ring is of such radial 
thickness that its end face completely covers the inlet 
and outlet ports when the ring closely approaches the 
core in the zone of each respective port. When the ring is 
spaced the maximum distance from the core in the zone 
of each port, it partially uncovers the port for the passage 
of fluid. The end face of the ring thus serves as the sole 
valving means for each of the ports and it successively 
opens and closes them at the proper time and to the proper 
extent during each cycle of its gyrations. The inlet port 
is in communication with a source of compressed fluid 
by way of a fluid passage. 
The size, shape, location and relative attitude of the 
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inlet and outlet port are so chosen that there is always 
in the work chamber between the ring and the core a 
sufficient mass of pressurized fluid to transmit the centri 
fugal force of the ring to the core while maintaining 
them slightly separated at the zone of closest approach. 
Hence the ring does not "roll' on the core, thus prevent 
ing the wear which would otherwise occur. Actually the 
ring need not rotate about its own axis in operation be 
cause it is free floating and oscillatory in nature. 

In order to achieve maximum uniformity of operation 
the condition of the pressure fluid is modified in its travel 
from the source to the inlet port. As is known, flowing 
compressed fluid possesses both the kinetic or velocity 
energy resulting from its rate of flow and the potential 
expansion energy resulting from its compression. It has 
been found that the linear mass velocity of flow through 
a channel or passage is highly variable and to a great ex 
tent uncontrollable. On the other hand, the velocity of 
pure expansion is limited by a unique circumstance. At 
any constant temperature, if the back pressure or dump 
ing area pressure is about one half the pressure of the 
compressed fluid or less, then the fluid will expand into 
the dumping area at a fixed velocity throughout a wide 
range of pressures, the velocity of expansion being related 
to the molecular, or atomic orbital velocity of the com 
position of the selected fluid. 

It is therefore desirable to transform as much as pos 
sible of the velocity energy into potential expansion ener 
gy before utilizing the pressure fluid. This is done by in 
corporating an expansion chamber close to the inlet port. 
The chamber is much larger than the flow passage and is 
so arranged that the pressure fluid not only expands into 
it, transforming a major portion of the velocity energy 
into potential energy, but also encounters an abrupt 
change of direction which further reduces the velocity 
energy. Thus the primary action of the fluid in the work 
chamber is based on pure expansion velocity which pro 
duces a very uniform rate of operation. 

Various other advantages and features of novelty will 
become apparent as the description proceeds in conjunc 
tion with the accompanying drawings, in which: 
FIGURE 1 is a sectional elevational view of the appara 

tus embodying the invention; 
FIGURE 2 is a sectional view taken on line 2-2 of 

FIGURE 1: 
FIGURE 3 is an exploded view in perspective of the 

principal working parts of the apparatus; 
FIGURES 4 to 9 are schematic views illustrating the 

relation of parts at various stages in one cycle of opera 
tion; 
FIGURES 10 and 11 are similar views illustrating the 

change in relation of parts under reduced load; and 
FIGURE 12 is a schematic view illustrating a modifica 

tion of the inertia ring and barrier blade. 
One presently preferred form of the apparatus is illus 

trated somewhat schematically in section in FIGURE 1, 
in which the spool-shaped supporting member comprises 
an axle member 10 having an enlarged centrally located 
cylindrical core 12 and reduced first and second ends 14 
and 16, on which are mounted end walls or plates 18 and 
20. The end walls fit snugly on the axle ends and are held 
tightly in engagement with the core by the threaded mem 
bers 22 and 24. The flat, laterally extending inner faces 
26 and 28 of members 18 and 20 define with the surface 
of core 12 a cylindrical work chamber 30. A cylindrical 
inertia ring 32, with cylindrical inner and outer faces 34 
and 36 and flat, laterally extending end faces 38, is 
mounted for oscillating movement in an orbital path with 
in the work chamber. 
The inner diameter of the inertia ring is substantially 

larger than the diameter of the core to permit substantial 
movement of the ring in all directions radial of the core, 
and its length in an axial direction is slightly less than the 
longitudinal distance between the inner faces 26 and 28 
of the end walls to provide adequate clearance. In opera 
tion the ring oscillates or gyrates about the core in an 
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4. 
orbital path in response to force exerted by pressure fluid 
admitted to the work chamber. In a sense it can be said 
to swing about the core so that it is always eccentrically 
located with one portion of its inner surface 34 always 
quite close to the surface of the core but separated by a 
Small gap 40 for reasons to be explained later. The gap 
Zone, of course, travels continually around the periphery 
of the core as the ring oscillates. A casing 42 having a 
closed end 44 snugly surrounds end walls i8 and 20 and 
completes the enclosure of the work chamber. A second 
casing member 46 forms a continuation of casing 42 to 
enclose the entire apparatus. 
Means to provide pressure fluid to the work chamber 

includes a fluid passage 48 extending longitudinally 
through the axle member and slightly displaced laterally 
from its axis. The passage is divided into three sections. 
The first and largest section 50 is at end 16 of the axle and 
receives pipe 52 which transmits compressed fluid from 
a source not shown. The pipe is mounted within the neck 
54 of casing member 46 by means of a spider fitting 56 
and is sealed to the axle by conventional O-rings 58. The 
pressure fluid may be any suitable compressible fluid but 
preferably is air because of cheapness and availability. 
Air compressors are almost universally available at con 
struction sites and usually provide air at pressures of 90 
to 120 p.s.i. 

Since section 50 is considerably larger than the passage 
in pipe 52 it serves as an expansion chamber which trans 
forms much of the velocity energy of the mass flow into 
potential expansion energy. Passage 60 in end wall 20 ex 
tends laterally from chamber 50 and then axially into 
inlet port 62 which opens into the work chamber 30. 
These two bends which change the direction of flow serve 
to further transform velocity energy into potential expan 
Sion energy. 

Central section 64 of passage 48 is considerably smaller 
than section 50 because approximately half of the total 
flow of fluid is diverted into passage 60. End section 66 is 
smaller than section 64 to maintain a higher pressure in 
the latter for reasons to be mentioned later. Section 66 
discharges into expansion chamber 68 which serves in the 
same way as section 50 to change the direction of flow 
and transform velocity energy into potential expansion 
energy. Inlet port 70 communicates directly with chamber 
68 to admit pressure fluid into the work chamber. It is 
located directly opposite inlet port 62 and is of the same 
size and shape to provide balanced flow of pressure fluid. 
A rectangular slot 72 is formed in core 12 and extends 

longitudinally for the length of the core and radially to 
its outer Surface from a location near the core axis. Bar 
rier blade 74 is mounted in the slot and is in the form of 
a flat rectangular plate slightly shorter than the distance 
between the end walls to provide clearances 76. Its outer 
free edge 78 is straight and smooth for sealing contact 
with the inner surface 34 of the inertia ring. Auxiliary 
ports 80 and 82 are formed in end walls 18 and 20 in 
axial alignment with the blade to lead pressure fluid to 
clearances 76. The balanced pressure against the two ends 
of the blade centers it and keeps it clear of the end wall 
faces to minimize friction. 

In order to maintain the free edge 78 of the blade in 
sealing contact with the inner surface of the inertia ring 
at all times during operation it is necessary to provide 
means to yieldingly urge it outward. The bottom portion 
of slot 72 forms a pressure chamber 84 fed with pressure 
fluid from section 64 by way of apertures 86. The back 
pressure in 64 resulting from the constriction in section 
66 aids this operation. In addition passage 88, adjacent to 
slot 72, communicates at its lower end with section 64 
and at its upper end with the work chamber for reasons 
to be detailed later. 
The relationship of the parts just described is further 

illustrated in FIGURES 2 and 3, where it will be seen 
that inlet ports 62 and 70 include slots having a generally 
arcuate form extending peripherally part way around the 
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core. Each port is on the motor side of the blade 74, 
originates adjacent thereto, and extends about sixty de 
grees. It is arranged eccentrically or spirally so that the 
end adjacent to the blade is closer to the core. It will be 
apparent that in all positions of the inertia ring, its end 
faces cover some portions of ports 62 and 70 so that fluid 
pressure is exerted against the end faces and a small 
portion of the fluid passes through clearances 76 with 
the result that the ring is always spaced from the end 
walls and develops no friction. A plurality of passages 90 
are arranged peripherally around the end wall and at 
least some of them are partially uncovered at all times so 
that the leakage fluid can discharge. 

Outlet ports 92 and 94 are also elongate and generally 
arcuate or spiral. They extend peripherally around the 
core about one hundred eighty degrees with terminal ends 
adjacent to the blade 74 on the exhaust side and closer 
to the core than the originating ends. With the inertia 
ring and the blade in the positions shown in FIGURES 
2 and 3 they combine with the core to form a motor 
cavity 96 to the left of the blade between the ring and 
the core and an exhaust cavity 98 between the ring and 
the core to the right of the blade. The orbital movement 
of the inertia ring is counterclockwise as viewed in these 
and subsequent figures. In FIGURE 2 it will be seen that 
both the inlet and outlet ports are partially uncovered or 
opened. Thus pressure fluid enters the motor cavity and 
the expanded fluid passes out of the exhaust cavity 
through ports 92 and 94. Returning to FIGURE 1, it 
will be seen that outlet port 94 cannot be open entirely 
through its end wall 18 because it would communicate 
with expansion chamber 68. Therefore cross passages 100 
are provided which connect with auxiliary outlet passages 
102 in the core and 104 in end wall 20. All of the 
exhaust fluid finally passes out through casing member 
46 and neck 54. 
The sequence of steps which produce the gyratory 

motion of the inertia wheel are schematically illustrated 
in FIGURES 4 to 9, with the apparatus operating at full 
design load. For purpose of explanation it will be con 
sidered that the arrangement of FIGURE 4 represents 
the zero degree position and the 360 degree position. At 
this stage the inertia ring is in its uppermost position, 
being held out of contact with the core, as indicated at 
gap 40, by the fluid pressure as previously explained. 
Blade 74 is in its uppermost position in sealing contact 
with the ring, and the motor cavity 96 and exhaust cavity 
98 are exactly equal in size. Inlet port 62 is open to its 
maximum extent, and the pressure fluid is entering and 
expanding to increase the size of the motor cavity. Outlet 
port 92 is open slightly less than its maximum extent, 
allowing the fluid to exit so that the exhaust cavity can 
decrease in volume. 
FIGURE 5 represents the 60 degree stage. The inlet 

port is still wide open and the motor cavity has been 
enlarged. The outlet port and the exhaust cavity have 
been decreased in size. At this point the inlet port begins 
to close, and it will be seen that at the 120 degree position 
of FIGURE 6 the inlet port is closed while the pressure 
remaining in the motor cavity causes the cavity to gener 
ate counterclockwise in accordance with a constantly in 
creasing exhaust port which becomes static at FIGURE 
9 as the inlet port begins to open. - 
At FIGURE 7 the 180 degree position has been reached, 

the inlet port is still closed, and there is only one cavity, 
which is open to exhaust. As the ring passes this stage, 
the motor cavity of the next cycle begins to form but the 
increase is small, and fluid entering through passage 88 
from passage 64 is sufficient to provide the motive power. 
At FIGURE 8 and 240 degrees inlet port 62 is still 
closed but outlet port 92 is wide open. At 270 degrees, 
not shown, the inlet port again begins to open and is par 
tially open as shown in FIGURE 9 at 300 degrees. The 
inlet port continues to enlarge until it is again wide open 
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6 
at zero degrees in FIGURE 4. Thus it can be said that 
the motor cavity is initiated at 180 degrees and increases 
through Zero to a maximum at 120 degrees when the 
outlet port again begins to open, turning it into an exhaust 
cavity. 
The sequence can be summarized as follows: 
At 270, inlet area begins to open. 
At 0, inlet area is wide open. 
From 0 to 60, inlet area is constant. 
From 60 to 120, inlet area gradually closes. 
At 120, inlet area is fully closed. 
At 120, outlet area begins to open at the bottom. 
At 210, outlet area is wide open. 
From 210 to 330, outlet area is constant. 
From 330 to 120, outlet area gradually closes. 
At 120, outlet area at the top cavity is fully closed. 
With this timing and sequence the inlet port admits 

sufficient fluid to provide the necessary power for the full 
design load while allowing the full useful expansion of the 
fluid down to a practical exhaust pressure, and the inlet 
is fully cut off as the outlet port begins to open. 
A better understanding of the variation in pressure oc 

curring under the blade 74 in relation to the cycling of 
the inertia ring 32 is obtained from the following expla 
nation. First of all, if an outlet port is disposed substan 
tially at right angles to a flow channel, a flowing of fluid 
through the flow channel will produce a vacuum or pres 
sure reduction adjacent such outlet port. Conversely, if 
a pressurized fluid is contained within but not permitted 
to flow through the flow channel, it will be observed that 
the pressurized fluid will flow into and through the outlet 
port. Thus, it will be readily understood that when the 
inlet port 70 is open and pressurized fluid is being sup 
plied into the work chamber via the inlet port 70, the rate 
of flow through passage 48 will be relatively high thereby 
producing a relative drop in pressure under the blade 74. 
However, even under these circumstances the pressure 
under the blade will be slightly greater than the pressure 
existing within the working chamber thereby causing the 
blade to exert a predetermined amount of force against 
the inner surface of the inertia ring 32 to effect a seal at 
the point or along the line of contact. It will be understood 
that by proper design an effective seal will be obtained 
even though only a few ounces of force is exerted by the 
blade against the inertia ring. Further, this force will vary 
depending on the variation in pressure beneath the blade 
74. When the inlet ports 62 and 70 are closed, all of the 
pressure of the compressed fluid is directed under the 
blade causing the blade to move against the inertia ring 
with considerable force. It has been found that the change 
in pressure under the blade occurs gradually, the amount 
of change being relative to the opening of the inlet ports 
62 and 70. It has also been found that during that portion 
of the cycle in which the inlet ports are closed, the inner 
surface of the inertia ring 32 disposed opposite the upper 
portion of the blade 74 moves outwardly relative to the 
outer surface of the core 12 adjacent the slot 72 in which 
the blade 74 is disposed and that the pressure under the 
blade 74 increases and is timed coincidentally to the 
blade's outwardly motion. When the blade is required to 
move radially inwardly within the slots formed in the 
core 12 due to the changing position of the inertia ring, 
the pressure beneath the blade decreases while at the same 
time the area of the inlet port opening into the work 
chamber is increased. The foregoing is more easily visu 
alized by examining FIGURES 7, 8 and 9 which show 
the radially outwardly movement of the blade during 
which time the inlet port is closed or substantially closed, 
and the radially inwardly movement of the blade in FIG 
URES 4, 5 and 6 during which time the inlet port open 
ing into the chamber 30 degreases from a partial open 
condition to a closed condition. 
With respect to a comparison between the orbital 

velocity of the inertia ring and the expansion velocity of 
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the pressurized fluid within the working chamber, it has 
been found that when the back pressure or exhaust pres 
Sure is maintained approximately one-half of the pressure 
of the pressurized fluid at the inlet and the fluid is pro 
pelled through the working chamber under the influence 
of its own capacity to expand, the compressed fluid will 
expand at a fixed velocity relative to the temperature of 
the fluid. Further, where the fluid is propelled only by 
its own capacity to expand, it has been found that the 
orbital velocity of the inertia ring can be maintained equal 
to or slightly greater than the velocity of such expansion 
and thus through the use of a predetermined configuration 
and positioning of the inlet and outlet ports, the end 
walls, and the valving of the ports by the orbiting of the 
inertia ring, it is possible to maintain the rate of fluid 
expansion equal to or slightly less than the orbital velocity 
of the inertia ring. Thus, the volume of the fluid at any 
instant in time is substantially the same as the volume of 
the working chamber for the same instant of time and 
there is no instigation for volume increase of the working 
chamber which would result in the inertia ring contact 
ing the exterior surface of the core 12. 

Referring now to FIGURE 4, it is easy to visualize 
the starting of the apparatus where the orbital position 
of the inertia ring is as depicted therein. However, the 
position of the inertia ring may very well by chance be 
other than as shown in FIGURE 4, for instance see the 
position as shown in FIGURE 7. Where the inertia ring 
is in the position as shown in FIGURE 7, the inlet ports 
are fully closed. When the inlet ports are closed, all of 
the fluid pressure is directed into the slot under the blade. 
As a consequence, a sufficient force is generated against 
the blade causing it to lift the ring into the starting position 
as shown in FIGURE 4. At the same time sufficient fluid 
flows through channel 88 and the slot 72 to cause an 
increase in the volume of the working chamber thereby 
initiating counterclockwise rotation of the inertia ring 
prior to the actual opening of the inlet ports. 
The apparatus is designed to develop a constant exter 

nal amplitude of motion over a wide range of external 
loads, producing maximum inertia ring eccentricity dur 
ing maximum resistance and reduced eccentricity during 
reduced resistance. When the resistance against the appa 
ratus is decreased, the frequency of the cycle of operation 
is increased. This higher frequency reduces the expansion 
time available for the fluid during the angular generation 
of the motor cavity, and therefore the instantaneous fluid 
volume and consequently the cavity volume will be less 
at any given instant. This is illustrated in FIGURES 10 
and 11 which show the positions of the inertia ring at the 
zero and 180 degree stages. It will be noted that the gap 
40 is considerably larger at the lower load. Also the lesser 
eccentricity of the ring reduces the maximum opening of 
the inlet and outlet ports, thus automatically reducing the 
quantity of fluid expended. The eccentric or spiral arrange 
ment of the inlet and outlet ports also automatically 
adjusts the timing of inlet and exhaust for maximum 
efficiency, and compatibility with the load situation within 
the load capacity of the apparatus. 

Since the inertia ring is always held spaced from the 
core by the fluid pressure in the minimum gap, the ring 
need not actually rotate about its axis as the prior art 
devices were required to do. Consequently it is feasible 
to secure the barrier blades to the inertia ring with a 
pivotal connection to insure that they always remain in 
sealing relation. As seen in FIGURE 12, the core 106 is 
basically similar to core 12 of FIGURE 1 and is provided 
with a similar slot 108. Barrier blade 110 is slidably 
mounted therein, and its outer end fits into notch 12 in 
the inertia ring 114 in sealing relation. It is connected 
thereto for rocking motion by pivot pin 116 carried by 
the inertia ring. The motion and operation are just the 
same as in the embodiment previously described. 

It will be apparent to those skilled in the art that 
various changes may be made in the construction and 
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8 
operation of the apparatus as disclosed without departing 
from the spirit of the invention, and it is intended that all 
Such changes shall be embraced within the scope of the 
following claims. 

I claim: 
1. Apparatus for generating vibrations comprising: a 

fixed, Spool-shaped supporting member having a central 
axially directed cylindrical core and laterally extending 
end walls defining a work chamber; an inertia ring sur 
rounding said core within said work chamber and having 
an inner diameter greater than the outer diameter of said 
core to permit oscillatory movement of said inertia ring 
in all directions radial of said core; a barrier blade ex 
tending longitudinally of said core and mounted therein 
for sliding movement radially thereof in sealing engage 
ment with said ring and arranged to define the initial 
point of a motor cavity of a variable volume and pe 
ripheral extent between said core and said inertia ring 
and the end point of an exhaust cavity of variable vol 
ume and peripheral extent between said core and said in 
ertia ring; a pressure fluid inlet port in an end wall com 
municating with said work chamber on the motor side 
of said blade; a pressure fluid outlet port in an end wall 
communicating with said work chamber on the exhaust 
side of said blade; said inlet port being in the form of an 
elongate arcuate slot extending along the inner face of 
the end wall and originating adjacent said barrier blade; 
said outlet port being in the form of an elongate arcuate 
slot extending along the inner face of the end wall and 
terminating adjacent said barrier blade; said inlet port 
having a substantially constant maximum opening dur 
ing approximately sixty degrees of travel of Said inertia 
ring; said outlet port having a substantially constant maxi 
mum opening during approximately one hundred twenty 
degrees of travel of said inertia ring; said inertia ring 
being adapted to oscillate about said core in an orbital 
path with at least one of its end faces acting as a valve 
to open and close cyclically and successively said inlet 
and outlet ports; the opening of said inlet port serving 
to admit fluid to enlarge the motor cavity and provide the 
driving force for said inertia ring; the opening of the ex 
haust port serving to discharge fluid to decompress the 
exhaust cavity; both of said ports being so located in the 
path of orbital movement of said inertia ring as to be 
cyclically substantially covered and partially uncovered 
by the adjacent end face of the inertia ring in its orbital 
OWenent, 
2. Apparatus as claimed in claim ; the beginning of 

the period of maximum opening of said outlet port oc 
curring about one hundred fifty degrees after the ending 
of the period of maximum opening of said inlet port. 

3. Apparatus for generating vibrations comprising: a 
fixed, spool-shaped supporting member having a central, 
axially directed cylindrical core and laterally extending 
end walls defining a work chamber; an inertia ring sur 
rounding said core within said work chamber and hav 
ing an inner diameter greater than the outer diameter of 
said core to permit oscillatory movement of said inertia 
ring in all directions radial of said core; a barrier blade 
extending longitudinally of said core and mounted there 
in for sliding movement radially thereof in sealing en 
gagement with said ring and arranged to define the initial 
point of a motor cavity of variable volume and peripheral 
extent between said core and said inertia ring and the 
end point of an exhaust cavity of variable volume and 
peripheral extent between said core and said inertia ring; 
a pressure fluid inlet port in an end wall communicating 
with said work chamber on the motor side of said blade; 
a pressure fluid outlet port in an end wall communicating 
with said work chamber on the exhaust side of said blade; 
means to supply pressure fluid to said inlet port; said in 
ertia ring being adapted to oscillate about said core in an 
orbital path with at least one of its end faces acting as a 
valve to open and close cyclically and successively said 
inlet and outlet ports; the opening of said inlet port serv 
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ing to admit fiuid to enlarge the motor cavity and pro 
vide the driving force for said inertia ring; the opening 
of the exhaust port serving to discharge fluid to decom 
press the exhaust cavity; and a radially extending fluid 
inlet port disposed in said core communicating with the 
work chamber adjacent to said blade and on the motor 
side thereof to serve as an auxiliary pressure fluid supply 
during the period when the inlet port in said end wall 
is closed; said inlet port in Said core being in communi 
cation with said means to supply pressure fluid. 

4. Apparatus for generating vibrations comprising: a 
fixed, spool-shaped supporting member having a central, 
axially directed cylindrical core and laterally extending 
end walls defining a work chamber; an inertia ring sur 
rounding said core within said work chamber and having 
an inner diameter greater than the outer diameter of said 
core to permit oscillatory movement of said inertia ring 
in all directions radial of said core; a barrier blade ex 
tending longitudinally of said core and mounted therein 
for sliding movement radially thereof in sealing engage 
ment with said ring and arranged to define the initial 
point of a motor cavity of variable volume and peripheral 
extent between said core and said inertia ring and the 
end point of an exhaust cavity of variable volume and 
peripheral extent between said core and said inertia ring, 
the outer edge of said barrier blade being pivotally con 
nected to the inner face of said inertia ring; a pressure 
fluid inlet port in an end wall communicating with said 
work chamber on the motor side of said blade; a pres 
sure fluid outlet port in an end wall communicating with 
said work chamber on the exhaust side of said blade; and 
means to supply pressure fluid to said inlet port; said in 
ertia ring being adapted to oscillate about said core in an 
orbital path with at least one of its end faces acting as a 
valve to open and close cyclically and successively said 
inlet and outlet ports; the opening of said inlet port serv 
ing to admit fluid to enlarge the motor cavity and pro 
vide the driving force for said inertia ring; the opening 
of the exhaust port serving to discharge fluid to decom 
press the exhaust cavity. 

5. Apparatus for generating vibrations comprising: a 
fixed longitudinally extending axle member having a cen 
trally located axially directed enlarged cylindrical core; 
a pair of end plates on said axle member extending later 
ally at the ends of said core to define therewith a cylin 
drical work chamber; an inertia ring surrounding said core 
within said work chamber and having an inner diameter 
greater than the outer diameter of said core to permit 
oscillatory movement of said inertia ring in all directions 
radially of said core; a casing surrounding all of Said com 
ponent and having a closed end defining a first expansion 
chamber at a first end of said axle member; said axle 
member having a longitudinal fluid passage therethrough 
communicating at said first end with said first expansion 
chamber; a conduit connected to a source of fluid pres 
sure and with the fluid passage in the axle member at the 
second end of said axle member; a longitudinally and 
radially extending slot in said core; a barrier bade 
mounted in said slot for radial movement; the outer free 
edge of said blade being straight and smooth and adapted 
to contact the inner surface of said inertia ring in Sealing 
engagement at all times during operation to define the 
initial point of a motor cavity of variable volume and 
peripheral extent between said core and said inertia ring 
and the end point of an exhaust cavity of variable volume 
and peripheral extent between said core and said inertia 
ring; a pressure fluid inlet port in each end wall commu 
nicating with said work chamber on the motor side of said 
blade; a pressure fluid outlet port in each end Wall con 
municating with said work chamber on the exhaust side 
of said blade; a second expansion chamber in Said axle 
member adjacent the second end of the axle member and 
comprising a portion of the longitudinal fluid passage; 
each of said inlet ports communicating with its adjacent 
expansion chamber to receive pressure fluid in which the 
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10 
major portion of the velocity energy has been trans 
formed to expansion potential; the slot in said core com 
municating with said longitudinal passage to receive pres 
Sure fluid for urging said blade into contact with said 
inertia ring; said ring being adapted to oscillate about said 
core in an orbital path with its end faces acting as valves 
to cyclically and Successively open and close said inlet and 
outlet ports; the openings of said inlet ports serving to ad 
mit fluid to enlarge the motor cavity and provide the 
driving force for said inertia ring; and the openings of the 
exhaust ports Serving to discharge fluid to decompress the 
exhaust cavity. 

6. Apparatus for generating vibrations in which a hol 
low cylindrical weight in the form of an inertia ring is 
movable in an orbital path about a centrally located cylin 
drical core having a diameter less than the internal diam 
eter of the inertia ring and characterized by: 

a partition dividing a work chamber defined between 
the core and the ring into two cavities of variable 
volume; 

said partition including a blade mounted in a longitu 
dinally extending slot formed in the core for radial 
sliding movement therein; 

a fluid inlet port and a fluid outlet port which are 
opened and closed cyclically in response to move 
ment of the ring relative to the core to permit one 
of the cavities to be subjected to fluid pressure and 
the other to be exhausted; 

end walls defining walls of the work chamber, said inlet 
port and said outlet port being formed in at least one 
of the end walls, said inertia ring and said blade hav 
ing axial lengths slightly less than the axial distance 
between the end walls so that the inertia ring and 
the blade are separated from each of said end walls 
by a clearance; and 

means including auxiliary ports formed in said end walls 
for supplying fluid pressure to said clearances to 
prevent physical contact between the end walls and 
the end faces of the inertia ring and blade. 

7. Apparatus for generating vibrations comprising: a 
fixed, spool-shaped supporting member having a central, 
axially directed, hollow, cylindrical core and laterally ex 
tending end walls defining a work chamber, said core hav 
ing a longitudinally extending slot formed therein; an in 
ertia ring Surrounding said core within said work cham 
ber and having an inner diameter greater than the outer 
diameter of said core to permit oscillatory movement of 
said inertia ring in all directions radial of said core; a 
barrier blade extending longitudinally of said core and 
mounted within said slot for sliding movement radially 
thereof in Sealing engagement with said ring and one of 
the surfaces of said slot to define the initial point of a 
motor cavity of variable volume and peripheral extent 
between said core and said inertia ring and the end point 
of an exhaust cavity of variable volume and peripheral 
extent between said core and said inertia ring; means for 
supplying pressurized fluid through said slot into said 
motor. cavity; a pressure fluid inlet port in an end wall 
constructed to be disposed in intermittent communication 
with said motor cavity; a pressure fluid outlet port in an 
end wall constructed to be disposed in intermittent com 
munication with said exhaust cavity the orbital movement 
of said ring effecting opening and closing of said inlet 
and outlet ports; and means for moving, during operation 
of the apparatus, said inertia ring orbitally relative to 
said core while maintaining at all times during operation 
of the apparatus a predetermined amount of minimum 
separation between opposed surface portions of said ring 
and said core, said means for moving said inertia ring 
orbitally relative to said core including means for Supply 
ing to said inlet port for introduction into said motor 
cavity, during at least approximately one-half of each 
cycle, a predetermined amount of fluid of substantially 
constant pressure and without substantially any linear 
mass velocity whereby the volume of fluid supplied to 



3,460,808 
said motor cavity in combination with the increase in vol 
ume of fluid occurring from expansion of the fluid with 
in said motor cavity equals, during pressurization of the 
motor cavity, the instantaneous volume of said motor 
cavity, said outlet port when disposed in communication 
with said exhaust cavity effecting an exhaustion of said 
exhaust cavity. 

8. Apparatus as claimed in claim 7; said inlet port 
being in the form of an elongate arcuate slot, said arcuate 
slot being eccentric to said core, with the end of the slot 
adjacent to the barrier blade being closer to said core 
than is the opposite end of the slot. 

9. Apparatus as claimed in claim 8; the peripheral ex 
tent of said arcuate slot being approximately 60 degrees. 

10. Apparatus as claimed in claim 7; said outlet port 
being in the form of an elongate arcuate slot, said arcu 
ate slot being eccentric to said core, with the end of the 
slot adjacent to the barrier blade being closer to said core 
than is the opposite end of the slot. 

11. Apparatus as claimed in claim 10; the peripheral 
extent of said outlet port slot being approximately 180 
degrees. 

12. Apparatus as claimed in claim 7; said ports being 
So arranged with respect to each other that initiation of 
the opening of the inlet port occurs aproximately one 
hundred eighty degrees after completion of closure of the 
outlet port. 

13. Apparatus for generating vibrations comprising: 
a supporting member having a hollow core with a lon 

gitudinally extending slot formed in a wall portion 
thereof and end walls defining a work chamber; 

an inertia ring Surrounding said core within said work 
chamber and having an inner diameter greater than 
the outer diameter of said core to permit oscillatory 
movement of said inertia ring in all directions radial 
of said core; 

a barrier blade mounted for sliding movement substan 
tially radially within the slot of said core and being 
adapted to contact in sealing engagement the inner 
Surface of said inertia ring and a surface portion of 
Said slot at all times during operation to define the 
initial point of a motor cavity of variable volume and 
peripheral extent between said core and said inertia 
ring and the end point of an exhaust cavity of variable 
volume and peripheral extent between said core and 
said ring; 

means for supplying pressurized fluid through said slot 
into said motor cavity; 

a pressure fluid inlet port in an end wall communicating 
with said motor cavity; 

a pressure fluid outlet port in an end wall communicat 
ing with said exhaust cavity and having intermittent 
communication with said motor cavity; 

Said inertia ring being adapted to oscillate about said 
core in an orbital path with at least one of its end 
faces acting as a valve to cyclically and successively 
open and close said inlet and outlet ports; 

means for moving said inertia ring orbitally relative to 
Said core including means for supplying to said inlet 
port for introduction into said motor cavity, during 
at least approximately one-half of each cycle, a pre 
determined amount of fluid of substantially constant 
pressure and without substantially any linear mass 
Velocity whereby the volume of fluid supplied to said 
motor cavity in combination with the increase in vol 
ume of fluid occurring from expansion of the fluid 
Within said motor cavity equals, during pressurization 
of the motor cavity, the instantaneous volume of said 
motor cavity; 

Said outlet port, when disposed in communication with 
Said motor cavity, effecting at least a partial decom 
pression of said motor cavity, and said outlet port, 
when disposed in communication with said exhaust 
port, effecting an exhaustion of said exhaust cavity. 
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14. Apparatus for generating vibrations in which a 

hollow cylindrical weight in the form of an inertia ring is 
movable in an orbital path about a centrally located cylin 
drical core within said ring having a diameter less than 
the inner diameter of the inertia ring, a work chamber 
thus being formed between the ring and the core; 

slot means formed in said core; 
a partition disposed within said slot means and dividing 

the work chamber into two cavities of variable vol 
ume, one of Said cavities being a motor cavity and 
the other being an exhaust cavity, said partition being 
disposed in sealing engagement with said slot means 
and a surface of said ring; 

means for Supplying pressurized fluid through said slot 
means into said motor cavity; 

said work chamber having a fluid inlet port in com 
munication with said motor cavity and a fluid outlet 
port in intermittent communication with said motor 
cavity and said exhaust cavity; said ports being opened 
and closed cyclically in response to movement of the 
ring relative to the core to permit: 

(i) the motor cavity to be subjected to fluid pres 
Sure and at least partially decompressed; and 

(ii) the exhaust cavity to be exhausted; 
Said apparatus being characterized by: 

means for orbitally moving said inertia ring relative to 
Said core during operation of the apparatus, includ 
ing means for supplying to said inlet port for intro 
duction into said motor cavity, during at least ap 
proximately /2 of each cycle, a predetermined amount 
of fluid of Substantially constant pressure and with 
out Substantially any linear velocity whereby the vol 
ume of fluid supplied to said motor cavity in combina 
tion with the increase in volume of fluid occurring 
from expansion of fluid within said motor cavity 
equals, during pressurization of the motor cavity, the 
instantaneous volume of said motor cavity; 

said outlet port effecting 
(i) at least a partial decompression of said motor 

cavity when disposed communication therewith; 
and 

(ii) an exhaust of said exhaust cavity when dis 
posed in communication therewith. 

15. Apparatus as defined in claim 14 in which the inlet 
port originates adjacent one side of the partition and the 
outlet port terminates adjacent the other side of he 
partition. 

16. Apparatus as described in claim 14 in which an 
expansion chamber is located upstream of said inlet port. 

17. Apparatus as defined in claim 14 in which end 
walls are provided which define walls of the work cham 
ber, the inlet port and the outlet port being formed in at 
least one of said end walls. 

18. Apparatus as described in claim 17 in which the 
inlet port is an elongate arcuate slot formed in one end 
wall adjacent the path of orbital movement of the adja 
cent end face of the inertia ring such that the inlet port is 
SubSantially covered by said end face during approxi 
mately one-half of each orbital cycle of the inertia ring. 

19. An apparatus for generating vibrations comprising: 
end walls and an inertia ring located therebetween and 

having a longitudinally extending, arcuately shaped 
surface; 

a member having a longitudinally extending, arcuately 
shaped surface; 

a Work chamber formed between the arcuately shaped 
Surfaces and said end walls; 

means for eccentrically oscillating said inertia ring 
about said member so that at any given time a given 
portion of the arcuately shaped surface of said inertia 
ring is close to a given portion of the arcuately 
shaped surface of said member, to thereby form a 
continuously moving small gap between said inertia 
ring and said member; 

a slot formed in said member; 
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a barrier disposed within said slot and in sealing engage 
ment with both a surface of said slot and said inertia 
ring, said barrier blade cooperating, at any given 
time during operation of the apparatus, with said 
gap to divide the work chamber into: 

(i) a motor cavity commencing adjacent one side 
of said barrier and terminating at said gap; and 

(ii) an exhaust cavity commencing adjacent said 
gap and terminating at the other side of said 
barrier; said barrier being constructed for trans 
latory movement in a direction generally radially 
of the arcuately shaped surface of said member, 
both cavities, during operation of the apparatus, 
being of variable volume varying between sub 
stantially zero and the Substantial volume of 
the work chamber; 

means for supplying pressurized fluid through said 
slot into said motor cavity; 

a fluid inlet port in a wall of said work chamber and 
constructed to be disposed in intermittent communi 
cation with the motor cavity; 

a fluid outlet port in a wall of said work chamber and 
constructed to be disposed in intermittent communi 
cation with the motor and exhaust cavities, said oscil 
latory movement of said inertia ring effecting open 
ing and closing of said inlet and outlet ports; 

said means for moving said inertia ring orbitally rela 
tive to said member including means for supplying 
to said inlet port for introduction into said motor 
cavity, during at least approximately one-half of 
each cycle, a predetermined amount of fluid of sub 
stantially constant pressure and without substantially 
any linear mass velocity whereby the volume of fluid 
supplied to said motor cavity in combination with 
the increase in volume of fluid occurring from expan 
sion of the fluid within said motor cavity equals, dur 
ing pressurization of the motor cavity, the instan 
taneous volume of said motor cavity; 

said outlet port effecting: 
(i) at least a partial decompression of said motor 

cavity when disposed in communication there 
with, and 

(ii) an exhaustion of said exhaust cavity when 
disposed in communication therewith. 

20. An apparatus as described in claim 19 including 
means for moving said inertia ring radially during a pre 
determined portion of each cycle of said ring, said means 
including said barrier and means for supplying pressurized 
fluid against a surface portion of said barrier. 

21. A method for generating vibrations by means of 
a device of the type in which an inertia ring is mounted 
for cyclic orbital movement relative to a member to form 
a work chamber between opposed surfaces of the inertia 
ring and the member, there being a barrier mounted 
between the opposed surfaces of the ring and the member 
for translatory movement with respect to one of said 
opposed surfaces, wherein said barrier is in sealing engage 
ment with the other one of said opposed surfaces to divide 
the work chamber into a motor cavity commencing adja 
cent one side of said barrier and an exhaust cavity termi 
nating at the other side of said barrier; said method com 
prising the steps of: 

orbitally moving said inertia ring relative to said mem 
ber by means of pressurized fluid; 

maintaining a predetermined amount of minimum sepa 
ration between the opposed surfaces of said ring and 
Said member at all times during such movement; 
and 

supplying a predetermined amount of fluid to the motor 
cavity during at least approximately one-half of 
each cycle, said fluid being supplied at substantially 
constant pressure without substantially any linear 
mass Velocity, the volume of said fluid equaling the 
instantaneous volume of the motor cavity whereby 
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14 
the increased volume of fluid, during pressurization 
of said motor cavity, occurring from expansion of 
the fluid within said motor cavity substantially equals 
the increased volume of the motor cavity during 
movement of the ring. 

22. Apparatus for generating vibrations comprising: a 
fixed, Spool-shaped supporting member having a central, 
axially directed, hollow, cylindrical core and laterally 
extending end walls defining a work chamber, said core 
having a longitudinally extending slot formed therein; an 
inertia ring surrounding said core within said work cham 
ber and having an inner diameter greater than the outer 
diameter of said core to permit oscillatory movement of 
said inertia ring in all directions radial of said core; a 
barrier blade extending longitudinally of said core and 
mounted within said slot for sliding movement radially 
thereof in Sealing engagement with said ring and one of 
the surfaces of said slot and arranged to define the initial 
point of a motor cavity of variable volume and peripheral 
extent between said core and said inertia ring and the 
end point of an exhaust cavity of variable volume and 
peripheral extent between said core and said inertia ring; 
a pressure fluid inlet port in each end wall communicating 
with said work chamber on the motor side of said blade; 
a pressure fluid outlet port on each end wall communi 
cating with said work chamber on the exhaust side of 
said blade; the two inlet ports being of the same size 
and in the same relative position with respect to the 
motor side of Said work chamber and the two outlet ports 
being of the same size and in the same relative position 
with respect to the exhaust side of said work chamber; 
and means to supply pressure fluid to said inlet ports and 
through said slot into said motor cavity; said inertia ring 
being adapted to oscillate about said core in an orbital 
path with its end faces acting as a valve to open and 
close cyclically and successively said inlet and outlet 
ports; the opening of said inlet ports serving to admit 
fluid to enlarge the motor cavity and provide the driving 
force for said inertia ring; and the opening of the exhaust 
ports Serving to discharge fluid to decompress the exhaust 
cavity. 

23. Apparatus as described in claim 22; said inertia 
ring having an axial length slightly less than the actual 
distance between said end walls to provide a clearance 
between the ring and said end walls; said inlet ports being 
of Such size and location that the end faces of said inertia 
ring at least partially overlies same at all times; said 
inlet ports Serving to supply pressure fluid to said clear 
ances to prevent physical contact between the end walls 
and the end faces of said inertia ring. 

24. A method of operating a vibration generator of 
the type in which a work chamber is defined by the 
volume between two end walls, a core member, and an 
inertia ring surrounding said core member, said work 
chamber being divided into a motor cavity and an exhaust 
cavity by a barrier blade, and wherein fluid is intermit 
tently introduced into said motor cavity so as to cause 
said inertia ring to undergo oscillatory movement in all 
directions radial of said core member so that said motor 
and exhaust cavities have a variable volume depending 
upon the relative positions of said barrier blade and the 
nearest point of Said inertia ring to said core member; 
and including means for intermittently directing fluid from 
said exhaust cavity out of an outlet port after having been 
directed into said inlet port of said motor cavity through 
a fluid Supply conduit, said method comprising the steps 
O - 

Converting the kinetic energy of the fluid supplied to 
said conduit to potential energy by reducing the linear 
mass velocity of said fluid to substantially zero before 
introducing said fluid into said inlet port by expand 
ing said fluid into an expansion chamber; and 

introducing a volume of fluid into said motor cavity at 
any given time so that the thusly introduced volume 
of fluid substantially equals the instantaneous volume 
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of said motor cavity at said given time, whereby 
said inertia ring maintains a substantially con 
tinuously spaced relationship from said core member 
as said inertia ring undergoes said oscillatory move 
Inent. 

25. The method of claim 24 including the steps of 
changing the direction of said fluid by about 90 at least 
two times between entry of said fluid into said conduit 
and introduction of said fluid into said motor cavity. 

26. A method of operating a vibration generator of 
the type in which a work chamber is defined by the volume 
between two end walls, a core member, and an inertia 
ring surrounding said core member, said work chamber 
being divided into a motor cavity and an exhaust cavity 
by a barrier blade; and wherein fluid is intermittently in 
troduced into said motor cavity so as to cause said inertia 
ring to undergo oscillatory movement in all directions 
radial of said core member so that said motor and exhaust 
cavities have a variable volume depending upon the rela 
tive positions of said barrier blade and the nearest point 
of said inertia ring to said core member, and including 
means for intermittently directing fluid from said exhaust 
cavity out of an outlet port after having been directed 
into said inlet port of said motor cavity through a fluid 
supply conduit, said method comprising the steps of: 
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converting the kinetic energy of the fluid supplied to 

said conduit to potential energy by reducing the linear 
mass velocity of said fluid to substantially zero be 
fore introducing said fluid into said inlet port, and 

providing an exhaust back pressure at said exhaust 
port of about one-half the pressure of said fluid at 
said inlet port, whereby said inertia ring maintains 
a substantially continuously spaced relationship from 
said core member as said inertia ring undergoes said 
oscillatory movement. 
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