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Warren C. Burgess, Jr., North Olmsted. Ohio, and Wi 
liam H. Sterseniz, Malibu, Calif.; said Sterbentz as signor to said Burgess 
Application February 20, 1957, Serial No. 641,326 

- 11 Caims. (Ci. 12i-17) 

This invention relates to vibrators of the type corn monly associated with screening operations, in special 
vibrating conveyor arrangements, in packing and pack 
aging operations, and in many other industrial applica 
tions. More specifically, this vibrator is of the type 
employing a reciprocating piston driven by fluid pres 
Sure. 

This application is a continuation-in-part of our co 
pending application Serial No. 346,204, filed April 1, 
1953. 
An object of our invention is to provide an improved 

vibration-inducing device which provides increased power 
for a given line pressure. A further object of our inven. 
tion is the production of a vibrator having an increased 
frequency of vibration for a given line pressure. 
A further object of this invention is the production of 

a non-impacting pneumatic vibrator and method of in 
ducing vibration. 

Another object of our invention is to provide a vibrator 
of simple construction having an increased efficiency and 
producing superior results over the vibrators which have been employed in the past. 

Other objects and advantages of our invention will be 
come apparent as the description proceeds. 
To the accomplishment of the foregoing and related 

ends, said invention, then, comprises the features herein 
after fully described and particularly pointed out in the 
claims, the following description and the annexed draw 
ings setting forth in detail certain illustrative embodi 
ments of the invention, these being indicative, however, 
of but a few of the various ways in which the principle 
of the invention may be employed. 

Referring to the drawings: 
Fig. 1 is a side view of one embodiment of our vibra 

tor assembled and secured on a mounting base; 
Fig. 2 is a bottom view of our device showing a partial 

section of our vibrator; 
Fig. 3 is a side cross-sectional view of our vibrator; 
Fig. 4 is a sectional view taken along the line 4-4 of Fig. 2; 
Fig. 5 is a sectional view taken along line 5-5 in Fig. 2; and 
Fig. 6 is a side cross-sectional view of an alternative form of our improved vibrator. 
Figs. 7, 8 and 9 are side cross-sectional views of the 

same device which is an alternative form of our improved 
vibrator showing various positions of the piston. 

Fig. 10 is a side cross-sectional view of another form 
of improved vibrator illustrating the term "end clear ance.' 

Fig. 11 is a graph plotting the frequency in cycles per 
minute against the end clearance. 

Fig. 12 is a graph plotting a number proportional to 
the power against the end clearance. 

Referring more particularly to Fig. 1, the vibrator cas 
ing 1, or cylinder, is a metallic casting having a central 
circular bore therethrough and is securely mounted on 
the mounting base 2 by means of bolts 3 and nuts 6. The 
casing 1 at the end which is secured to the mounting base 
is provided with hole 7 which is drilled through the vibra 
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2 
tor's sub-base 8 in order to properly machine the inner chamber 9 of the casing 1. The hole 7, upon completion 
of the machining operation, is secured by inserting therein 
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core plug 10 which provides an airtight seal. The oppo 
site end of the casing is likewise secured airtight by 
means of an end bell 11 mounted over gasket 29 and 
firmly held in position on the casing. by bolts 12. 
Mounted within the casing 1 is a cylindrical piston 14, 

the sides of which are in sliding contact with the ma 
chined inside surface of the casing 1. The piston 14 is 
mounted so as to provide for its reciprocating movement 
in an axial direction within the casing 1. 
The casing 1 is further provided with an inlet port 

indicated at 15 to permit the introduction of fluid pres 
sure into the system. This inlet port i5 may be provided 
with a conventional inlet one-way shut off valve or any 
other conventional inlet valve to regulate the fluid flow 
to the system. Such inlet port 15 leads to a circularly 
grooved chamber 16 disposed between the piston 14 and 
the casing or cylinder 1 where the fluid under pressure 
is directed alternately into recesses 17 and 18 in the piston 
14 which in turn carry the fluid under pressure through 
ducts 19 and 20 respectively to the end chambers 21 and 
22 respectively of the casing 1. Thus, as the piston i4 
is driven in a reciprocating manner, the fluid under pres 
sure will alternately be directed to end chambers 21 and 
22 of the casing 1. Following the direction of the fluid 
into end chamber 2, such fluid is then released to the 
atmosphere through exhaust ports 23. Similarly follow 
ing the direction of the fluid into end chamber 22 such 
fluid is released to the atmosphere through exhaust ports 3. 
Our vibrator may be further equipped at the terminus 

of ducts 19 and 20 with a fast-acting cut-off valve, one 
embodiment of which is more fully illustrated in Fig. 5. 
As shown in Fig. 5, this cut-off valve consists of a 

small piece 24 of high tensile strength spring steel secured 
to the piston 14 by means of screws 25 at one end and 
the other end extending over and securely covering the 
terminus of duct 19. To ensure an airtight seal of duct 
19 by means of the piece 24 of spring steel, a gasket. 26 
is mounted in a recess provided at the terminus of duct 
i9. In order to ensure that this fast-acting cut-off valve 
is not damaged when the piston reciprocates within the 
casing, each end of the piston 14 is machined so as to 
provide a circularly raised ring 27 which acts as a bumper 
to prevent damage to the cut-off valve should the piston 
strike the end of the casing 1 or end bell 11. 
More particularly describing our vibrator and its mode 

of operation, a source of fluid under pressure, such as 
compressed air, is required for its operation. Such air 
under pressure is introduced to the vibrator through the 
inlet port 5. As shown in Fig. 3, the piston 14 is located 
in the casing 1 approaching end bell 11. When the piston 
is so located, the air introduced under pressure through 
inlet port 15 passes into circular chamber 16 and into 
recess 17 which at that point in the cycle is in direct con 
tact with circular chamber 16. The air under pressure 
then passes through duct. 19 into end chamber 21 of the 
casing 1. Such air pressure drives the piston 14 in the 
direction of the sub-base 8 until such time as this relative 
movement of the piston to the left eliminates contact be 
tween recess 17 and circular chamber, 16 at which point 
circular chamber 16 establishes contact with recess 18 directing the air under pressure through duct 20 into end 
chamber 22, thus driving the piston back toward end 
bell 11 to complete the cycle. - Exhaust ports 13. and 23 
are located in casing 1 so that once the air has been in 
troduced into either end chamber 21 or 22 and such air 
pressure has driven the piston 14 in the desired direction, 
when the piston passes dead-center, the air inside said 
chamber is permitted to discharge to the atmosphere 
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through exhaust ports 13 or 23. For example, with the 
piston in the position as shown in Fig. 3, the air in cham 
ber 22 will be exhausted to the atmosphere through ex 
haust ports 13 and the air pressure in end chamber 21 
will be equal to or greater than line pressure, thus effect 
ing a force tending to drive the piston to the left, 
The mode of operation of our vibrator as described 

above is that commonly employed in many vibrators 
presently available, and such vibrators employ principles 
commonly well known to those in the trade. 

Notable examples of the prior art to which general 
reference has been made include the patent to Richwood, 
835,290 and the patent to Cannon, 2,590,155. Although 
these devices are of the silent or semi-noiseless type, they 
can be distinguished from the silent or semi-noiseless type 
herein described in that it has now been found that the 
power output in these devices can be vastly improved 
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by means of so constructing and arranging the parts that 
the pressure of the air in the end beil or end chamber is 
allowed to exceed the line pressure on the gas actuating 
the device. The terminal positions of the Richwood de 
vice indicate that the pressure in the end bell does not 
exceed line pressure, and in the Cannon device by means 
of a second entry port, Cannon insures that the pressure 
in the end chamber never exceeds line pressure. It has 
been found that by utilizing the piston itself as a fast-act 
ing cut-off valve as herein described whereby all passages 
into and out of the end chamber are sealed during a por 
tion of the stroke, the power output of the device can be 
greatly improved. 
We have found that the inclusion of a fast acting cut 

off valve in the fluid pressure system produces these vast 
ly superior and unexpected results. The fast-acting cut 
off valve may take the form of a flapper valve 24 as 
shown in Figs, 2 and 3, or, as previously indicated, the 
piston itself may serve as its own fast-acting cut-off valve. 
Our vibrator employing this fast-acting cut-off valve 

will affect the mode of operation of the vibrator in the 
following fashion. While the piston 14 is being driven 
towards the sub-base 8 of the casing 1, the air remaining 
in the end chamber 22 escapes to the atmosphere through 
exhaust ports 3 until such time as the relative movement 
of the piston towards sub-base 8 causes the openings of 
exhaust ports 13 located near end chamber 22 to be sealed 
by the walls of the piston 14. At this point in the cycle 
and as the piston continues to move towards sub-base 8, 
the air remaining in end chamber 22 is trapped therein, 
and without the addition of our fast-acting cut-off valve, 
the pressure build-up in end chamber 22 soon reaches 
and exceeds the line pressure which has become available 
through duct 20, recess 18 and circular chamber 16. At 
this point, the increased pressure in end chamber 22 feeds 
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back into the line, dissipating this energy created by the 
momentum of piston 14, until the combination of the 
line pressure and the increased pressure of chamber 22 
finally stops the movement of the piston towards sub 
base 8 and initiates relative movement of the piston 
towards end bell 11. The addition of our fast-acting cut 
of valve permits the line pressure to freely flow into end 
chamber 22 when recess. 18 and circular chamber 16 are 
in relative contact. However, as soon as the exhaust 
ports 13 are closed by the surface of the piston 4 in its 
movement towards sub-base 8, and when the pressure 
build-up in end chamber 22 approaches, equals or slight 
ly exceeds that of the line pressure, our fast-acting cut-off 
valve functions responsive to the pressure differential to 
completely seal off end chamber 22 so as not to permit the 
pressure feed-back into the line. This fast-acting cut-off 
valve thus traps the remaining air in end chamber 22 and 
utilizes the energy created by the movement of the piston 
towards sub-base 8 by further compressing the air re 
maining, having the effect of decelerating the piston 
towards sub-base 8 in a much more rapid manner and 
also increasing the acceleration of the piston towards end 
bell 11. . . . 
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ment of the piston 33 to the right. 

4 
Such a fast-acting cut-off valve is likewise mounted at 

the opposite end of the piston 14 at the terminus of duct 
19 and functions in a similar manner to that above de 
scribed. 
While it is obvious that many different types of cut-off 

valves may be employed in our invention, we have tested 
many different kinds of cut-off valves and have found that 
our superior results are achieved only if such cut-off 
valve is a fast-acting valve. The term "fast-acting cut-off 
valve' as employed in this specification and the appended 
claims is intended to refer to a cut-off valve located in the 
fluid pressure system intermediate the inlet port and the 
end chambers of said casing which is of the type capable 
of rapidly operating at a rate at least equal to the fre 
quency of the piston's movement. Thus, the fast-acting 
cut-off valve must in effect be capable of functioning in 
synchronism with the frequency of movement of the 
piston back and forth. This is necessary in order that the 
air trapped alternately in each end chamber be utilized 
to the fullest extent and also to enable the free flow of 
line pressure through the desired ducts at the proper time. 
While we have located our fast-acting cut-off valve in the 
end portions of the piston in our preferred embodiment, 
such fast-acting cut-off valves may be located at any point 
within the fluid pressure system intermediate the inlet 
port and the end chambers of the casing. The location 
of a fast-acting cut-off valve at any other point in the 
fiuid pressure system produces considerably less desira 
ble and even at times inoperative results. 
One of the problems presented by any vibrator of our 

type involves the use of a starting mechanism since it is 
obvious that once the vibrator has been used and the line 
pressure has been cut off from the vibrator, there is a 
tendency for the piston to come to rest at dead center. 
There are many special adaptations of starting mech 
anisms so as to force the piston to come to rest at a point 
tother than dead center. Any such well known starting 
devices may be employed with equal success in a vibrator 
of our construction. 

While our preferred embodiment consists of a vibrator 
as above described employing a fast-acting cut-off valve 
of the flapper valve type as illustrated in Fig. 5, an alter 
native embodiment illustrated in Fig. 6 will also achieve 
very desirable results. As shown in Fig. 6 this vibrator 
consists of a casing 30 having an inlet port 31 and exhaust 
ports 32. Mounted for reciprocatory movement inside 
the casing 30 is a piston 33. This alternative embodiment 
as illustrated in Fig. 6 is a vibrator similar in construc 
tion to that described above except that the piston 33 is 
the fast-acting cut-off valve. This is accomplished by 
the critical location and size of the interior ducts of the 
piston 33. Air under pressure is introduced to the sys 
tem through inlet port 31 which leads to circular cham 
ber 34. When the piston 33 is slightly to the left of that 
as illustrated in Fig. 6, circular chamber 34 is in contact 
with the opening of duct 35. Thus the air under pressure 
flows through duct 35 into end chamber 37 where such 
air under pressure tends to force the piston 33 to the right. 
As the piston moves to the right contact is established be 
tween circular chamber 34 and duct 38 and contact be 
tween circular chamber 34 and duct 35 is eliminated. 
Thus, air under pressure commences flowing through duct 
38 into end chamber 39 tending to decelerate the move 

However, the 
momentum of the movement of the piston 33 to the right 
carries the piston 33 beyond the point where full contact 
between circular chamber 34 and duct 38 is established. 
Thus, the air present in end chamber 39 is substantially 
sealed in that end chamber causing the pressure therein 
to build up greatly as the piston 33 continues to move to 
the right. Such increased pressure thus decelerates the 
movement of the piston to the right at an increased rate 

... and further accelerates the movement of the piston to the 
left to complete the cycle. Small groove 40 is provided 
as a fast starting aid should piston 33 come to rest at the 
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right end of the casing and accordingly in order to achieve 
the maximum efficiency, this groove 40 should be as nar 
row as possible to permit this relatively effective sealing 
of end chamber 39 and yet provide a small point of entry 
for the air to reach duct 38 when the piston 33 is at the 
right end of the casing 36. Satisfactory starting results 
may, however, be achieved by controlled leakage of air 
pressure between the piston and casing walls. As the 
piston 33 moves to the left and passes dead center the 
contact between circular chamber 34 and duct 38 is 
broken and contact between circular chamber 34 and duct 
35 is established. The air passing through duct 35 coin 
mences the deceleration of the movement of the piston 
to the left. As the piston continues to move to the left 
air is substantially sealed in end chamber 37 in the same 
manner that duct 38 operated in relation to end chain 
ber 39. 

Instead of a very small groove; 49, it has been found 
that construction of these devices with ordinary. piston 
cylinder clearances of the magnitiade in accordance with . 
the following table will permitself-starting: 

Table 1 

Piston Diam- Clearance 
eter, inches Range, inches 

.75 
1.0 
1.625 

.0005.0009 

.0006.001 
0007-002 
0008-0015 
.0009-002 

2.00 
3.00 

Variation from these ranges within the ordinary skill of 
the art is to be expected, these ranges indicating suitable 
clearance ranges between the piston and the cylinder for 
devices in accordance with this invention. 
When the sealing of the end chamber takes place as 

above described, the distance remaining between the end 
of the piston and the end of the cylinder we call "end 
clearance.” All ports are cut off leading to and from the 
end chamber so sealed. Thus, increased deceleration of 
the movement of the piston to the left and increased 
acceleration of the movement of the piston to the right are 
achieved. 
From the discussion above relating to the mode of oper 

ation of our vibrator as illustrated in Fig. 6, it will be 
appreciated that the location and size of ducts 35 and 
38 in relation to circular chamber 34 are very critical. 
Thus, alternative exclusive contact between ducts 35 and 
movement of the piston 33 in the relatively central por 
tion of the casing 36 is established and the substantial 
elimination of such contact is achieved between ducts 35 
and 38 with circular chamber 34 during such reciprocating 
movement of the piston 33 approaching and departing 
from each relatively end portion of the casing 36. It 
will also be observed that the combined effective widths 
of the circular chamber 34 and either duct 35 or 38 at 
their point of surface contact must be less than the dis 
tance the piston 33 may travel in any one direction from 
dead center. Such effective widths do not include small 
grooves 48 or 4 since such components are each very 
small and do not disturb the effective width of ducts 35 
and 38. 
superior results over that heretofore achieved in vibrators 
not embodying a fast-acting cut-off valve, our vibrator 
as illustrated in Fig. 6 has been found to possess up to 
about 90 percent of the increase in power obtained with 
our vibrator previously discussed which involved pressure 
responsive fast-acting cut-off valves located in the fluid 
pressure system. The alternative embodiment of our vi 
brator is particularly well adapted to vibrators of smaller 
size where the installation of a flapper type fast-acting 
cut-off valve would be difficult and costly. 

Referring more particularly to Figs. 7, 8 and 9, there 

While our alternative embodiment produces 

is shown a series of views of the same vibrator in which 
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v. 50 38 with circular. chamber 34 during the reciprocating 
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the piston 14 is in various positions. In Fig. 7, for ex 
ample, the piston 14 is in "neutral position.' It will be 
observed that in this position in the embodiment here 
shown, all ports leading into and out of the device are 
closed. 

In Fig. 8, the piston 14 has moved to the left so that 
internal duct 35 and its entry means 43 are in operative 
communication with the recess 34 and pressurized gas 
may flow freely through the inlet duct 31, the recess.34, 
the piston entry means 43 and the inlet duct 35 into the 
left end chamber 37. Exhaust means 32 to the left are 
closed by the piston 14. The inertia of the piston 14 
carries the piston farther to the left as shown in Fig. 9 
whereby all of the entry and exit ports 32 and 34 are 
closed by the piston body 4. The air in end chamber 
37 is now under relatively high compression, serving to 
stop the movement of the piston to the left and to acceler 
ate it to the right. The air in the end chamber 39 is now 
at atmospheric pressure and little resisance is offered to 
the movement of the piston to the right. As the piston 
then moves to the right, the exhaust ports 32 are first 
closed, and simultaneously or immediately thereafter op 
erative communication between the inlet duct 38 and the 
annular groove 34 is established, and the gas pressure in 
end chamber 39 is elevated to at least about line pressure. 

Just prior to the closing of the exhaust ports 32 exiting 
from end chamber. 39, inlet duct 35 has again come into 
operative communication with annular groove 34 and 
another charge of pressurized gas introduced into end 
chamber 37. Due to leakage of the gas through the 
clearance, and the change in temperature of the gas due 
to the compression in an area surrounded by a good heat 
conductor and the cooling effect of the expansion of the 
compressed gas, the pressure in the end chamber 37 at 
the time registration between the entry means 43 and the 
annular groove 34 is re-established is less than line pres 
sure and hence a boosting effect is secured rather than a 
feed-back of pressure into the line 31. 
This operation is then repeated for the right hand end 

of the device. in the foregoing Figures 7-9, the piston 14 
is serving as its own fast-acting cut-off valve, and the 
clearance between the piston 14 and the cylinder wall. 1 
serve as the self-starting means. 

In order. to illustrate the superior, results attained by 
our invention as more particularly described above, we 
present below data clearly illustrating the increased horse 
power and greater frequency produced by vibrators em 
ploying our, invention. These tests were run upon our 
vibrators incorporating the preferred embodiment of our 
invention as illustrated in Figs. 1-5 as described above 
and employed a single vibrator without the addition of 
our fast-acting cut-off valve... and further the results at 
tained by employing: the same device, when our fast 
acting cut-off valve was added to the vibrator, at the 
points illustrated in Fig. 2. The line pressure given below 
is presented in pounds per square inch while the power 
is measured in units of horsepower times a constant. 

Our wibrator 
not employ 

. . .ing a fast-act 
ling cut-off 

valve, HPXC 

Our vibrator 
employing 

otrfast-arting 
cut-off wave, 
HPXC 

Line Pressure, p.s. i. 

11 
16 
22 
31 
42 

... 54 
65 
87 
04 

- 123 
152 
193 
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Further results upon our vibrator indicate a vastly 
superior frequency at a given line pressure. 

Our vibrator OT viorator 
not employ 
ing a fast-act 
ing ct-off - 

walwe, 
C. P. M. 

employing 
Line Pressure, p.s. i. 

cut-off wave, 
C.P.M., 

5 

or fast-acting 

O 

5 

20 

Thus, it is clear that, with a given supply line pressure, 
the vibrational energy of this vibrator is increased many 
times over that embodied in the present form of vibrator 
which does not include our fast-acting cut-off valve. It 
is equally apparent that the frequency of vibration will 
also be greatly increased, producing superior results. 

In the data presented above, the readings relating to a 
vibrator not employing a fast-acting cut-off valve ter. 
minate at approximately 100 p.s. i. since at that point 
the impacting of the piston against the ends of the casing 
made further readings extremely difficult and relatively 
inaccurate. The vibrator tested when employing our 
fast-acting cut-off valves provided a further increase in 
vibration power with increasing pressure without the 
damaging impact of piston against the ends of the casing. 
Hence an increase in relative energy may be secured by 
an increase in line pressure rather than the usual steps 
of resorting to a larger sized vibrator. In the above 
tests the same vibrator was used for all tests, the only 
variable being the addition of a fast-acting cut-off valve 
for comparison. 

Referring more particularly now to Fig. 10, there is 
here illustrated the meaning of end clearance at cut-off. 
The distance 'd' between the left hand end of the 
piston 4 and the inner face of the plug 44 is the end 
clearance at cut-off. The dotted line 45 indicates the 
approximate additional travel of the piston 14 during 
which time the gas in the end chamber 37 is under 
compression. As in the earlier devices, the compression 
of the gas prevents impacting of the piston 14 with the 
inner face of the plug 44. However, the structure and 
operation of the prior devices did not permit the utiliza 
tion of power to the surprising extent afforded by the 
devices of the present invention. 

Thus, it is clear that with a given supply line pressure, 
the vibrational energy of this vibrator is increased many 
times over that embodied in the present form of vibrator 
which does not include our fast-acting cut-off valve. It 
is equally apparent that the frequency of vibration will 
also be greatly increased, producing superior results. 

In the data presented above, the readings relating to 
a vibrator not employing a fast-acting cut-off valve ter 
minate at approximately 100 p.s. i. since at that point 
the piston impacts against the ends of the casing. This 
limitation on operating pressure of about 100 p. s. i. 
seems to apply to conventional vibrators not utilizing 
compression above line pressure. The vibrator tested 
when employing our fast-acting cut-off valve provided a 
further increase in vibrational power up to 3.5 times with 
increasing pressure to 150 p.s. i. without the damaging 
impact of piston against the ends of the casing. Hence 
an increase in relative energy may be secured by an 
increase in line pressure rather than the usual steps of 
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8 
resorting to a larger sized vibrator. In the above tests 
the same vibrator housing was used for all tests the 
only variable being the addition of a fast-acting cut-off 
valve for comparison. 

Referring more particularly now to Fig. 10 there is 
here illustrated the meaning of end clearance at cut-off. 
The distance "d" between the left hand end of the piston 
14 and the inner face of the plug 44 is the end clearance 
at cut-off. The dotted line 45 indicates the approximate 
ultimate travel of the piston 14 during which time the 
gas in the end chamber 37 is under compression. In the 
earlier devices, pressure of a magnitude near line pres 
sure of the gas prevents impacting of the piston 14 with 
the inner face of the plug 44. Unlike, the earlier art, 
movement of the piston through the end clearance after 
cut-off and up to the terminal position (45 in Fig. 10) 
compresses the gas well above line pressure due to the 
absence of any possible means of feedback to the supply 
line or escape to the atmosphere. The structure and 
operation of the prior devices did not permit the utiliza 
tion of power to the surprising extent afforded by the de 
vices of the present invention. 
The length of the internal ducts 35 and 38 longitu 

dinally of the piston is in all cases, as shown in Figs. 2, 
3, 6 and 7 through 10, more than /2 the length of the 
piston and less than about 34 of the length thereof. By 
so constructing and arranging the internal ducts 35 and 
38, the stroke of the piston is lengthened to a point 
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where there is sufficient acceleration which in combina 
tion with the mass of the piston provides sufficient inertia 
to compress the gas in the end chambers to a point not 
heretofore achieved and thereby vastly improve the 
power output of the device. If the internal ducts 35 and 
38 are longer than about 34 of the length of the piston, 
the stroke becomes so long before introduction of gas 
at line pressure that the device will either impact or, if 
the cylinder is long enough, the opposite end of the 
piston may pass the inlet annular groove 34 and cause 
the piston to become locked in an extreme position. 
Thus, the point at which the internal ducts 35 and 38 
rise to the surface of the piston is important in deter 
mining the stroke of the piston and the end clearance at 
cut-off. The amount of end clearance at cut-off deter 
mines the rate of compression of the gas and thus the 
power and the frequency as shown in Figs. 11 and 12. 
These can be varied within reasonable limits depending 
upon the length of the piston and the power requirements 
thereof. 
The end clearance represented by "d' varies within 

the range of a minimum of about 5% of the length of 
the piston to a distance which is less than the length of 
the piston diminished by the sum of the length of an 
internal duct such as 35 or 38 plus the width of the an 
nular groove 34. Also, the sum of the width of one 
entrance port 43 and the width of the anrfular groove 
should be less than the axial width of the end chamber 
fed by that port, the latter width measured at neutral 
position. This relationship should be followed whether 
there is only one annular groove 34 or whether there 
are two such grooves. When the piston and cylinder 
are constructed in accordance with these limits, locking 
of the piston in an extreme position cannot occur and 
best results from the standpoint of power and frequency 
are secured. 
The basic objective in the design and positioning of 

the fluid system components is to secure a filling of the 
end chambers with fluid at as near to line pressure as 
possible during a portion of the stroke and permitting the 
chambers to be closed during another portion of the 
stroke wherein the fluid is compressed to a relatively 
high pressure in excess of line pressure, and allowing the 
compressed fluid to substantially expend itself against 
the piston instead of exhausting it to the outside or feed 
ing it back into the line. 
The positioning of the exhaust ports with respect to 
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: the piston is of some importance although not critical. 
When the piston is in neutral position as shown in Fig. 
7, the exhaust ports should be closed for best results. 

- In-other words, the distance between the exhaust ports 
measured as over-all distance from the outer extremity 
of each port should be no more than about the length 
of the piston. These ports may be positioned a distance 
apart which is somewhat less than the length of the 
piston although the displacement toward the center of 
the cylinder should be small and never in excess of the 
end clearance. If the displacement exceeds the end 
clearance, then the inlet port 43 of the piston may come 
into registry with an exhaust port 32 causing a premature 
release of pressure from the end chambers and a con 

r sequent loss of power. 
Accordingly, for the greatest utilization of the power 

available in the compressed gas, the dimensions of the 
piston and the relationships thereof to the location of 
the exhaust ports and the internal ducts of the piston as 
given above and illustrated in the drawings should be 
followed. 

Fig. 11 shows the results obtained with various end 
clearances at 100 lbs. per square inch gauge in terms of 
cycles per minute. It is almost a straight line function, 
the number of cycles per minute varying substantially 
inversely with the length of the end clearance at this 
pressure. The device which was used in these tests was 
a 34 inch diameter piston having a length of 2 inches, 
the diameter of the entry means 43 and the width of 
the annular groove 34 being .125 inch. The distance be-, 
tween the exhaust ports (overall) was exactly the length 
of the piston. A practical valve of end clearance is 
.218 inch. 

In Fig. 12, the power has been plotted against end 
clearance and again there is an inverse substantially 
straight line function showing a decrease in power as 
the end clearance is increased. Of course, there are 
practical limits and, for a % inch piston, an end clear 
ance of approximately .16 inch at cut-off is about the 
minimum. An optimum clearance at cut-off is, for a 

, 34 inch piston, in the range of .2 to .3 inch. 
It is equally clear from the above description of this 

improved vibrator that it is virtually impossible for the 
piston to strike the end portions of the casing since at 
all times air will be trapped in the end chambers 2 
and 22. Such operation involving action where the piston 
strikes the end portions of the casing is commonly re 
ferred to as impacting operation. This non-impacting 
feature of a vibrator embodying this invention is a highly 
desirable one since customarily vibrators are extremely 
noisy devices producing a hammering effect when the 
piston does strike the end portions of the casing. Fur 
thermore, such action by the piston in striking the end 
portions of the casing presents a problem as to rapid 
wear and shock destructive to the mechanism itself. The 
vibrator of this invention rectifies this problem, as it is 
virtually impossible for the piston to strike the end por 
tions of the casing. However, as has been earlier noted, 
the ridge 27 is provided as a precautionary measure to 
protect the fast-acting cut-off valve should the piston 
approach too closely to the end portion of the casing, 
either while in operation or when coming to rest or shut 
down. The vibrator of this invention also provides a 
device which may be more minutely controlled in its 
operation, as well as providing an increased power and 
frequency for the given energy content of the pressurized 
gas. 

Vibrators in accordance with this invention are useful 
in any of the well known applications for these devices. 
For example, these noiseless or semi-noiseless vibrators 
can be used to drive conveyors of dry materials, e.g., 
grain or sand, to compact aggregate in molds in the 
manufacture of concrete blocks, to maintain constant feed 
from hoppers. The device is simply affixed to the unit 
to be vibrated by bolts. Compressed air at line pressures 

0 

5 

20 

25 

30 

40 

45 

50 

55 

60 

65 

70 

75 

10 
of from about 10 to about 150 p.s. i. may be used for 
the aforesaid purposes. 

Other modes of applying the principle of this inven 
tion may be employed instead of those specifically set 
forth above, changes being made as regards the details 
herein disclosed, provided the elements set forth in any 
of the following claims, or the equivalent of such be em 
ployed. 

It is, therefore, particularly pointed out and distinctly 
claimed as the invention: 

1. A vibration device comprising a casing, a piston 
supported for reciprocatory movement within said casing, 
said casing having an inlet port positioned midway of 
its length for transmitting fluid under pressure, and ex 
haust ports located near each end thereof, said piston 
being longer than the distance between said exhaust ports 
and having a first entrance port positioned in the wall 
thereof to the right of the mid-point of said piston in 
communication with the left end thereof, and a second 
entrance port positioned in the wall thereof to the left 
of the mid-point of said piston in communication with 
the right end thereof, said entrance ports being located 
for alternative registry with the inlet port of said casing 
during reciprocatory movement of the piston, whereby, 
when said piston is positioned at dead center in said 
casing, said first entrance port communicating with the 
left end of said piston is to the right of said inlet port 
and said second entrance port communicating with the 
right end of said piston is to the left of said inlet port, 
and valve means at the ends of said piston operative in 
response to a pressure differential to seal off each of said 
inlet ports when the piston intimately approaches each 
end thereof whereby to provide a cushion of pressure 
fluid. 

2. A vibration device comprising a closed cylinder, a 
piston supported for reciprocatory movement within said 
cylinder, said cylinder having an inlet port positioned 
midway of its length for transmitting gas under pressure, 
and exhaust ports located near. each end thereof, said 
piston being of sufficient length to close all exhaust ports 
simultaneously, said piston having a single inlet port po 
sitioned in the wall thereof to the right of the mid-point 
of said piston in communication with an internal duct 
exiting at the left end thereof, and another single inlet 
port positioned in the wall thereof to the left of the 
mid-point of said piston in communication with a separate 
internal duct exiting at the right end thereof, said inlet 
ports being located for alternative registry with the inlet 
port of said cylinder during reciprocatory movement of 
the piston, whereby when said piston is positioned at 
dead center in said cylinder, said first inlet port com 
municating with the left end of said piston is to the 
right of said inlet port and said second inlet port com 
municating with the right end of said piston is to the 
left of said inlet port of said cylinder, said piston con 
stituting valve means operative in response to a pressure 
differential to alternately seal off each of said inlet ports 
and said exhaust ports when the piston intimately ap 
proaches each end thereof, whereby to provide a cushion 
of gas under pressure. 

3. A vibrator comprising a closed cylinder, a piston 
reciprocably supported within said cylinder, said cylin 
der having an annular groove in its mid-section, duct 
means opening into said groove for the introduction of 
pressurized gas thereto, exhaust ports located on either 
side of and substantially equidistant from said annular 
groove for the release of spent gas, internal ducts formed 
within said piston opening at opposite ends thereof and 
each having single entry means through the side of 
said piston alternatively registerable with said annular 
groove, the distance: longitudinally of the piston between 
said entry means and the exit of the internal duct fed 
thereby, being more than % the length of the piston and 
less than about 34 thereof. 
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4. A vibrator comprising a closed cylinder, a piston 
reciprocably supported within said cylinder, said cylin 
der having an annular groove in its mid-section, duct 
means opening into said groove for the introduction of 
pressurized gas thereto, exhaust ports located on either 
side of and substantially equidistant from said annular 
groove for the release of spent gas, internal ducts 
formed within said piston opening at opposite ends 
thereof and each having single entry means through the 
side of said piston alternatively registerable with said 
annular groove, the distance longitudinally of the piston 
between said entry means and the exit of the internal 
duct fed thereby, being more than % the length of the 
piston and less than about 34 thereof, the end clearance 
at cut-off being greater than about 5% of the length of 
the piston and less than L-(l--w) where L is the 
length of the piston, l is the longitudinal length of an 
internal duct, and w is the width of the annular groove. 

5. A vibrator comprising a closed cylinder, a piston 
reciprocably supported within said cylinder, said cylinder 
having an annual groove in its mid-section, duct means 
opening into said groove for the introduction of pressur 
ized gas thereto, exhaust ports located on either side of 
and Substantially equidistant from said annular groove 
for the release of spent gas, the overall distance between 
said exhaust ports measured from the outer extremities 
thereof being less than the length of said piston, internal 
ducts formed within said piston opening at opposite ends 
thereof and each having single entry means through the 
side of said piston alternatively registerable with said 
annular groove, the distance longitudinally of the piston 
between said entry means and the exit of the internal 
duct fed thereby, being more than /3 the length of the 
piston and less than about 34 thereof, the end clearance 
at cut-off being greater than about 5% of the length of 
the piston and less than L-(l--w) where L is the length 
of the piston, l is the longitudinal length of an internal 
duct, and w is the width of the annular groove. 

6. A vibrator comprising a closed cylinder, a piston 
reciprocably supported within said cylinder, said cylin 
der having an annular groove in its mid-section, duct 
means opening into said groove for the introduction of 
pressurized gas thereto, exhaust ports located on either 
side of and substantially equidistant from said an 
nular groove for the release of spent gas, the overall 
distance between said exhaust ports measured from the 
outer extremities thereof being no more than about the 
length of the piston, internal ducts formed within said 
piston opening at opposite ends thereof and each hav 
ing single entry means through the side of said piston 
alternatively registerable with said annular groove, the 
distance longitudinally of the piston between said entry 
means and the exit of the internal duct fed thereby, be 
ing more than 2 the length of the piston and less than 
about 34 thereof, the end clearance at cut-off being 
greater than about 5% of the length of the piston and 
less than L-(l--w) where L is the length of the piston, 
l is the longitudinal length of an internal duct, and w 
is the width of the annular groove. 

7. A vibration device comprising a closed cylinder, a 
piston supported for reciprocatory movement within said 
cylinder, said cylinder having an inlet port communicat 
ing with an annular groove positioned midway of its 
length for transmitting gas under pressure to said piston, 
and exhaust ports located near each end of said cylinder, 
said piston being of sufficient length to close all exhaust 
ports simultaneously, said piston having a single inlet 
port positioned in the wall thereof to the right of the 
mid-point of said piston in communication with an in 
ternal duct exiting at the left end thereof and another 
single inlet port positioned in the wall thereof to the left 
of the mid-point of said piston in communication with a 
separate internal duct exiting at the right end thereof, 
said inlet ports being located for alternative registry 
with the annular groove of said cylinder during recip 
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piston is positioned at dead center in said cylinder, the 
first inlet port communicating with the left end of said 
piston is to the right of said annular groove and said 
Second inlet port communicating with the right end of 
said piston is to the left of said annular groove of said 
cylinder, said piston constituting valve means operative 
in response to a pressure differential to alternatively 
seal off each of said inlet ports and said exhaust ports 
when the piston intimately approaches each end of said 
cylinder whereby to provide a cushion of gas under pres 
Se. 

8. A vibration device in accordance with claim 7 in 
which said exhaust ports located near each end of the 
cylinder are substantially the same distance from the 
annular groove positioned midway of the cylinder. 

9. A vibration device in accordance with claim 8 in 
which the distance between the outer extremities of the 
exhaust ports is equal to the length of the piston. 

10. A vibration device comprising a closed cylinder, 
a piston supported for reciprocatory movement within 
said cylinder, said cylinder having an inlet port posi 
tioned midway of its length for transmitting gas under 
pressure, and exhaust ports located near each end 
thereof, said piston being of sufficient length to close all 
exhaust ports simultaneously, said piston having a single 
inlet port positioned in the wall thereof to the right 
of the mid-point of said piston in communication with 
an internal duct exiting at the left end thereof, and an 
other single inlet port positioned in the wall thereof to the 
left of the mid-point of said piston in communication 
with a separate internal duct exiting at the right end 
thereof, said inlet ports being located for alternative 
registry with the inlet port of said cylinder during recip 
rocatory movement of the piston, whereby when said 
piston is positioned at dead center in said cylinder, said 
first inlet port communicating with the left end of said 
piston is to the right of said inlet port and said second 
inlet. port communicating with the right end of said 
piston is to the left of said inlet port of said cylinder, 
said piston constituting valve means operative in re 
sponse to a pressure differential to alternately seal off 
each of said inlet ports and said exhaust ports when the 
piston intimately approaches each end thereof, whereby 
to provide a cushion of gas under pressure, the end clear 
ance at cut-off being greater than about 5% of the length 
of the piston and less than L-(l--w) where L is the 
length of the piston, l is the longitudinal length of an 
internal duct and w is the width of the inlet port of said 
cylinder. 

11. A vibration device comprising a closed cylinder, a 
piston supported for reciprocatory movement within said 
cylinder, said cylinder having an inlet port communicat 
ing with an annular groove positioned midway of its 
length for transmitting gas under pressure to the piston, 
and exhaust ports located near each end thereof, said 
piston being of sufficient length to close all exhaust 
ports simultaneously, said piston having a single inlet 
port positioned in the wall thereof to the right of the 
mid-point of said piston in communication with an in 
ternal duct exiting at the left end thereof and another 
single inlet port positioned in the wall thereof to the left 
of the mid-point of said piston in communication with 
a separate internal duct exiting at the right end thereof, 
said inlet ports being located for alternative registry with 
the annular groove of said cylinder during reciprocatory 
movement of the piston, whereby when said piston is 
positioned at dead center in said cylinder, said first inlet 
port communicating with the left end of said piston is to 
the right of said annular groove and said second inlet 
port of communicating with the right end of said piston 
is to the left of said annular groove, said piston con 
stituting valve means operative in response to a pressure 
differential to alternately seal off each of said inlet ports 
and said exhaust ports when the piston intimately ap 
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proaches each end of said cylinder whereby to provide a 
cushion of gas under pressure, the end clearance at cut 
off being greater than about 5% of the length of the 
piston and less than L(l--w) where L is the length of the 
piston, l is the longitudinal length of an internal duct, 5 
and w is the width of the annular groove. 
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