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United States Patent Office 3,135,124 
Patented June 2, 1964 

3,135,124 
WBRATOR 

Ernest R. Sartor and Ernest W. Sartor, both of 
P.O. Box 336, Aitadena, Calif. 

Filed June 5, 1961, Ser. No. 114,699 
14 Cairns. (C. 74-87) 

This invention relates to vibrators, and included in the 
objects of this invention are: 

First, to provide a vibrator which involves, essentially, 
only two elements, a housing having a cylindrical chamber 
forming a circular, or approximately circular, raceway 
and a rotor element in the form of a hollow cylinder 
loosely received in the chamber and adapted to roll 
around the raceway, thus providing a particularly simple 
and rugged structure inherently capable of withstanding 
extreme conditions of operation. 

Second, to provide a vibrator of this type which utilizes 
a cylindrical rotor of single-piece construction, the walls 
of which have reaction passages therein so arranged that 
fluid flowing therethrough produces a reaction which 
causes the rotor to rotate, and, in addition, to seek a posi 
tion against the wall of the raceway and roll thereon to 
produce vibration. 

Third, to provide a vibrator of this class wherein the 
housing or casing, because of the single-piece construc 
tion of the rotor, may be formed of sections which are 
welded together. 

Fourth, to provide a vibrator which is particularly 
adapted to be operated by steam, and which may be so 
arranged that the steam for its operation may be gen 
erated within the housing rotor chamber. 

Fifth, to provide a vibrator which, although primarily 
adapted for operation by use of steam, may be arranged 
to operate by air or other motive gas, or for some pur 
poses may be operated by Water or by various liquid-gas 
mixtures. 

Sixth, to provide a vibrator which, by addition of means 
for introducing material to be crushed and arranging 
outlets for the crushed material, may be adapted to oper 
ate as a crusher, pulverizer, or material mixer. 

Seventh, to provide a vibrator which is operable under 
subfreezing conditions. That is, the vibrator may, while 
not in use, become frozen or contain water or ice, but 
which, on application of steam, will quickly thaw out 
without damage and operate effectively; thereby provid 
ing a vibrator which is particularly adapted for use on 
coal and ore cars for loosening frozen coal and ore. 
With the above and other objects in view, as may ap 

pear hereinafter, reference is directed to the accompany 
ing drawings in which: 
FIGURE 1 is a partial plan view, partial sectional view 

showing one form of the vibrator, the view being taken 
substantially through 1-1 of FIGURE 2; 
FIGURE 2 is a transverse sectional view thereof taken 

through 2-2 of FIGURE 1; 
FIGURE 3 is a partial plan, partial sectional view 

showing a modified form of the vibrator taken through 
3-3 of FIGURE 4; 
FIGURE 4 is a transverse sectional view thereof taken 

substantially through 4-4 of FIGURE 3; 
FIGURE 5 is a reduced plan view similar to FIGURE 

1, showing a modified form of the vibrator in which the 
housing is essentially oval in form; 
FIGURE 6 is an enlarged, fragmentary, sectional view 

through 6-6 of FIGURE 5; 
FIGURE 7 is an enlarged, fragmentary, sectional view 

through 7-7 of FIGURE 5; 
FIGURE 8 is a reduced, plan view similar to FIGURE 

5, showing a further modified form of the vibrator in 
which the housing is essentially triangular; 
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FIGURE 9 is a reduced, sectional view similar to FIG 

URE 2, showing the manner in which either of the vibra 
tors illustrated in FIGURES 1 through 4 may be adapted 
for conversion to perform the functions of a crusher, 
pulverizer, or material mixer, and indicating diagrammat 
ically the manner in which material to be treated may be 
introduced. 

Reference is first directed to FIGURES 1 and 2. The 
structure here illustrated includes a housing 1 and a rotor 
2. The housing includes a bottom plate 3 on which 
is mounted a cylinder 4 having substantially greater in 
ternal diameter than axial length. Mounted on top of 
the cylinder 4 is a top plate 5. The bottom plate 3, top 
plate 5, and cylinder 4 may be joined together by bolts 6, 
or may be welded together. 
The bottom and top plates 3 and 5 and the cylinder 4 

define internally a cylindrical rotor chamber 7. The 
inner surface of the cylinder 4 forms a raceway 8. Cen 
tered in the top plate 5 is an inlet opening 9. The end 
of the inlet opening 9 communicating with the rotor 
chamber 7 is preferably flared or tapered. The bottom 
plate 3 is provided with a ring of outlet ports 10 disposed 
adjacent the cylinder 4. The upper surface of the bottom 
plate 3 is preferably provided with a slight peripheral 
recess 1. 
The rotor 2 is in the form of a hollow cylinder having 

end Surfaces 2 and 13 which confront the bottom and 
top plates 3 and 5. The axial length of the rotor 2 is so 
proportioned that the rotor fits slidably and freely between 
the bottom and top plates 3 and 5; however, with a mini 
mum of clearance space. The central bore through the 
rotor 2 forms a pressure chamber 14, the ends of which 
are closed by the bottom and top plates 3 and 5. 
The diameter of the rotor 2 is greater than one-half 

the diameter of the rotor chamber 7, to the extent that 
when the rotor 2 is disposed in tangential relation to the 
raceway 8, the end surface 13 isolates the inlet opening 
or port 9 from that portion of the rotor chamber external 
to the rotor 2. The wall thickness of the rotor 2 is such, 
however, that the pressure chamber 14 is in continuous 
communication with the inlet port 9. This is true irre 
spective of the position which the rotor 2 may occupy 
within the rotor chamber 7. 
Formed in the rotor 2 is a set of primary reaction pas 

sages 15. The reaction passages have entrance ends 16 
which are preferably flared, and which intersect the upper 
end surface 13 of the rotor 2. The entrance ends 16 are 
so located that when the rotor 2 is tangent to the raceway 
8 they describe a circle which intersects the projected 
area of the inlet port 9, this area being represented by 
broken lines in FIGURE 1. The entrance ends 16 are 
circumferentially spaced so that at least two are within 
the projected area of the inlet port 9. The primary reac 
tion passages extend downwardly in planes tangent to the 
circle defined by the inlet ports 9 and have discharge ends 
intersecting the outside or peripheral surface of the rotor 
2, adjacent its bottom surface 2. 

Also formed in the rotor 2 is a set of secondary re 
action passages 17 which are disposed in a common hori 
Zontal plane near the lower end of the rotor 2. The 
reaction passages extend tangentially to the circle defined 
by the cylindrical walls of the pressure chamber 14 and 
extend to the outer surface of the rotor 2. One of the 
passages, designated 17a, is larger in diameter than the 
other; alternatively, only a single secondary reaction pas 
sage may be provided. 

Operation of the vibrator shown in FIGURES 1 and 
2 is as follows: 
A motive fluid, preferably steam, but which may be 

compressed air, is supplied through the inlet port 9. If 
the rotor 2 is initially in tangential relation to the raceway 
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8, a portion of the motive fluid is discharged through 
the two or three primary reaction passages i5 in registry 
with the inlet port 9. This produces a thrust tending to 
rotate the rotor 2 in the direction indicated by the arrow 
A in FIGURE 1, and also produces a thrust tending to 
force the rotor 2 against the raceway 8, as a result the 
rotor tends to roll in the direction of the arrow B shown 
in FIGURE 1. 

In addition a portion of the motive fluid flows through 
the pressure chamber 14 and through the secondary re 
action passages 17. The reaction force, due to flow of 
fluid in the passages 17, supplements the rotational force 
produced by flow of fluid in the reaction passages 15. 
As the movement of the rotor 2 about the raceway 8 
increases, centrifugal force becomes increasingly effective 
in maintaining the rotor in contact with the raceway. 
When motive fluid is initially applied to the vibrator, 

the rotor 2 may be in any indeterminate position within 
the boundaries of the raceway 8. That is, for example, it 
may be in a position concentric to the inlet port 9, in 
which case the primary reaction passages 15 are isolated 
from the inlet port 9. When this condition obtains, the 
rotor 2 at first merely rotates. However, by reason of 
the fact that one secondary passage is larger than the 
others, or there is only a single secondary passage, the 
rotor 2 will quickly drift to an eccentric position until 
the primary reaction passages are exposed to the inlet 
port 9, whereupon the rotor 2 is urged into contact with 
the raceway 8 so as to roll therearound. 
The rotation of the rotor 2 about an axis eccentric 

to its own axis produces the required vibration. It should 
be noted that the vibrator need not be mounted so that 
the axes of the rotor chamber 7 and rotor 2 are vertical, 
but that these axes may be oriented in any direction. 
That is, the housing may be mounted in a horizontal, 
vertical, or inclined position, for once a reaction force 
is exerted which is greater than the weight of the rotor 2, 
the rotor will spin or roll within the housing. 

It should be observed, of course, that the dimensions 
of the reaction passages 15 and 17 and the total area 
of the outlet ports 10 are such that a higher pressure is 
maintained at the inlet port 9 and within the pressure 
chamber 14 than is maintained in the rotor chamber 
7 outside the rotor 2. 
By way of illustration, but not of limitation, air or 

steam may be introduced through the inlet port 9 at 100 
lbs. pressure so as to maintain this pressure in the 
pressure chamber 14. The pressure outside the rotor 2 
may be 30 lbs., whereas the exhaust pressure beyond the 
outlet ports approaches atmospheric pressure. 

Reference is now directed to FIGURES 3 and 4. In 
the construction here illustrated, the rotor 2 is the same 
as in the first described structure. In place of the hous 
ing there is provided a housing 18 having a bottom 
plate 19, a cylinder 29, and a top plate 21. The bottom 
and top plates 9 and 21 and the cylinder 20 form a 
rotor chamber 7, and the internal wall of the cylinder 20 
forms a raceway 8, which may be identical to that of the 
first described structure. 

Surrounding the cylinder 20 is an exhaust chamber 22 
which communicates with the rotor chamber 7 by outlet 
ports 23 corresponding to the outlet ports 10, but in 
this case are shown in the bottom margin of the raceway 
8. In the region of the outlet ports 23, the cylinder 20 
is provided with an annular recess 24 and a mating annu 
lar recess 25, corresponding to the recess formed in 
the bottom plate 3 of the previously described structure. 
The exhaust chamber 22 is provided with a suitable ex 
haust port 26. 

For purposes of illustration, the cylinder 20 of the 
modified structure is shown as joined to the bottom and 
top plates 19 and 21 by welds 27 and 28. 
The periphery of the bottom plate 19 is provided with 

a ring of downwardly extending webs 29 which join to 
a base plate 30 having a large central opening in which 
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4. 
is mounted a burner 31, which is indicated as being 
adapted to burn gaseous fuel. 
The top plate 21 is provided with an inlet port 32 to 

which is connected a nozzle 33, forming the end of a 
water line 34. The inlet port 32 preferably flares so that 
its end communicating with the rotor chamber 7 is large 
enough to encompass two or three, or more, of the pri 
mary reaction passages 15 of the rotor 2, as indicated by 
roken lines in FIGURE 3. 
Operation of the vibrator shown in FIGURES 3 and 

4 is as follows: 
Water is introduced through the nozzle 33. Heat is 

applied to the bottom plate 19 so as to heat the bottom 
plate above the boiling point of water with the result 
that water which enters the pressure chamber 14 is turned 
into steam so as to flow outward through the reaction 
passages 5 and 17. Steam generated in the pressure 
chamber 14 enters the primary reaction passages 15 by 
flowing into the inlet port 32 over the end surface of the 
rotor 2. 
By way of illustration, but not of limitation, the bottom 

plate E9 may be heated to a temperature in the range of 
300 to 350 to produce steam at, for example, 150 lbs. 
pressure within the pressure chamber 14. The steam 
within the rotor chamber 7 outside the rotor 2 may then 
be approximately 30 lbs., and the steam in the exhaust 
chamber 22 at some lesser pressure. Water, of course, 
is introduced at a pressure in excess of the steam pressure 
in the pressure chamber 4. 

Reference is now directed to FIGURE 5. The con 
struction here illustrated is a modification of the pre 
viously described structures in which the raceway com 
prises diametrically opposed semicylindrical sections 8a. 
with short, straight sections 8b interposed so that the 
chamber is essentially oval. The difference in the major 
and minor diameters of the oval chamber is correlated 
with the diameter and wall thickness of the rotor 2 so 
that for all positions of contact with the raceway the 
primary reaction passages underlie the inlet port 9, as 
shown by solid and broken lines in FIGURE 5 and in the 
fragmentary detailed views of FIGURES 6 and 7. This 
arrangement provides a major vibration along the major 
axis of the oval chamber. 

If it is desired to emphasize vibration in more than two 
directions, the raceway may be made triangular as indi 
cated in FIGURE 8, wherein each third of a circle forms 
a raceway Section 8c joined to the other curved sections 
by straight sections 8d. A four, five, or more sided race 
Way may be similarly formed. In any case, the race 
Way defines alternate points of major and minor radii and 
transition zones connecting these points. 

Reference is now directed to FIGURE 9. The con 
Struction here illustrated may be essentially the same as 
the construction shown in the previously described struc 
tures, except that in place of the outlet ports 10 or outlet 
ports 23 a perforated outlet screen 35 is provided. In 
addition to the inlet port 9, a suitable chute 36 is provided 
in the wall of the cylinder 4 or cylinder 20. 

In the adaption of the vibrator to perform the func 
tions of a crusher, the material to be crushed is introduced 
through the chute 36 under conditions in which a pressure 
is maintained above the relaively low pressure existing 
within the rotor chamber 7 outside the rotor 2. For ex 
ample, a feeding mechanism may be provided having a 
rotor 37 divided by webs 38 into compartments 39 mount 
ed in a housing 46 having an inlet 41 and outlet 42 sepa 
rated by the webs 38. The material introduced may be 
dry or may be a mixture of liquids and solids for the 
purpose of mixing or dissolving the solids in the liquids. 
The rotor 2 in its gyration about the raceway 8 crushes 

or pulverizes the material, and the pulverized material 
is worked through the screen 35 along with the exhaust 
motive fluid. 

If the nature of the material being crushed is such that 
heat would be undesirable, compressed air is utilized as 
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the motive fluid. If the presence of steam has no adverse 
effect, then the motive fluid may be steam, whether sup 
plied externally, as in the first described structure, or 
generated within the structure, as shown in FIGURES 
3 and 4. 

It will be observed that the vibrator is particularly 
adapted for operation by steam, as the rotor or walls of 
the housing may be constructed of metal which is not 
damaged by steam. Furthermore, the rotor tends to float 
between the end walls of the housing on the steam flow 
ing through the clearance spaces between the rotor and 
the end walls. 
The rugged nature of the rotor 2 and housing is 

such that it may become filled with water, or residual 
Water may freeze therein; yet, upon application of steam 
the vibrator may be quickly conditioned for operation. 
While particular embodiments of this invention have 

been shown and described, it is not intended to limit the 
same to the exact details of the constructions set forth, 
and it embraces such changes, modifications, and equiva 
lents of the parts and their formation and arrangement 
as come within the purview of the appended claims. 
What is claimed is: 
1. A vibrator, comprising: a housing having a cylin 

drical raceway and end walls defining a rotor chamber, 
an inlet port for motive fluid centered in an end wall, and 
outlet ports communicating with the peripheral portion of 
said rotor chamber; and a rotor in the form of a hollow 
cylinder defining internally a pressure chamber and axial 
ly dimensioned to fit slidably between said end walls; 
said rotor having an outside diameter so related to the 
diameter of said raceway that, when said rotor is tangent 
to said raceway, an end surface of the wall of said rotor 
isolates said inlet portion from direct communication with 
said rotor chamber externally of said rotor, said pressure 
chamber being in communication with said inlet port to 
receive motive fluid for flow of a portion thereof between 
the axial ends of said rotor and said casing thereby to 
cause said rotor to float on said motive fluid in said cas 
ing; and said rotor having a set of reaction passages, 
each having an inlet end intersecting said end surface 
and a discharge end intersecting the outside surface of 
said rotor for flow of fluid through those passages in reg 
istry with said inlet port, said reaction ports being so 
oriented that, when exposed to said inlet port, a reaction 
force is produced tending to urge said rotor against said 
raceway and tending to cause rotation of said rotor. 

2. A vibrator, comprising: a housing having a cylin 
drical raceway and end walls defining a rotor chamber, an 
inlet port for motive fluid centered in an end wall, and 
outlet ports communicating with the peripheral portion 
of said rotor chamber; and a rotor in the form of a hol 
low cylinder defining internally a pressure chamber and 
axially dimensioned to fit slidably between said end walls; 
said rotor having an outside diameter so related to the 
diameter of said raceway that, when said rotor is tangent 
to said raceway, an end surface of the wall of said rotor 
isolates said inlet port from direct communication with 
said rotor chamber externally of said rotor, said pressure 
chamber being in communication with said inlet port to 
receive motive fluid for flow of a portion thereof between 
the axial ends of said rotor and said casing thereby to 
cause said rotor to float on said motive fluid in said cas 
ing; said rotor having a first set of reaction passages, each 
having an inlet end intersecting said end surface and a 
discharge end intersecting the outside surface of said ro 
tor for flow of fluid through those passages in registry 
with said inlet port, said reaction ports being so oriented 
that, when exposed to said inlet port, a reaction force is 
produced tending to urge said rotor against said raceway 

- and tending to cause rotation of said rotor; and said ro 
tor also having a second set of reaction passages extend 
ing through the wall of said rotor from said pressure 
chamber, each being oriented to produce rotation of said 
rotor. 
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3. A vibrator as set forth in claim 2, wherein: a gase 

ous motive fluid is supplied through said inlet port, and 
said reaction passages and rotor chamber outlet ports are 
dimensioned to maintain a higher pressure in said pres 
sure chamber than in said rotor chamber externally of 
said rotor. 

4. A vibrator as set forth in claim 2, wherein: said in 
let port is provided with a nozzle for discharge of water 
into said pressure chamber; and means is provided for 
heating said housing and rotor above the boiling point of 
water thereby to generate steam in said pressure chamber 
for discharge through said reaction passages. 

5. A vibrator as set forth in claim 2, wherein: said 
raceway is circular. 

6. A vibrator as set forth in claim 2, wherein: said 
raceway departs from a true circle to alternate points of 
major and minor radii and transition zones connecting 
said points. 

7. A vibrator, comprising: a housing having a cylindri 
cal raceway and end walls defining a rotor chamber, an 
inlet port for motive fluid centered in an end wall, and 
outlet ports communicating with the peripheral portion 
of said rotor chamber; and a cylindrical rotor having a 
diameter greater than one-half the diameter of said rotor 
chamber and having a peripheral end surface isolating 
said inlet port from direct communication with said rotor 
chamber when said rotor is tangent to said raceways; Said 
rotor having a ring of reaction passages including entrance 
ends movable in sequence into communication with said 
inlet port, when said rotor rolls against said raceway, and 
discharge ends communicating with said rotor chamber; 
said reaction passages being so oriented that those pas 
sages in communication with said inlet port produce a 
reaction force tending to drive said rotor around said 
raceway; said rotor defining a central pressure chamber in 
continuous communication with said inlet port and other 
wise closed by the end walls of said rotor chamber, the 
axial ends of said rotor clearing said end walls for free 
movement therebetween and permitting radial flow of 
motive fluid from said pressure chamber to suspend said 
rotor between said end walls; and at least one secondary 
reaction passage leading from said pressure chamber 
through the walls of the rotor to produce an unbalanced 
force tending to urge said rotor toward a position of en 
gagement with said raceway. 

8. A vibrator as set forth in claim 7, wherein: a gaseous 
motive fluid is supplied through said inlet port, and said 
reaction passage and rotor chamber outlet ports are di 
mensioned to maintain a higher pressure in said pressure 
chamber than in said rotor chamber externally of said 
rotor. 

9. A vibrator as set forth in claim 7, wherein: said inlet 
port is provided with a nozzle for discharge of water into 
said pressure chamber; means is provided for heating said 
housing and rotor above the boiling point of water thereby 
to generate steam in said pressure chamber for discharge 
through said reaction passage; and a steam collector cham 
ber communicates with said outlet ports. 

10. A vibrator as set forth in claim 7, wherein: said race 
way is circular. 

11. A vibrator as set forth in claim 7, wherein: said 
raceway departs from a true circle to alternate points of 
major and minor radii and transition Zones connecting said 
points. 

12. A vibrator, comprising: a cylindrical rotor having 
a ring of reaction passages, said reaction passages having 
entrance ends in one axial end of said rotor and dis 
charge ends intersecting the external cylindrical surface 
of said rotor; a housing defining a single rotor chamber 
including a peripheral wall forming a raceway for said 
rotor and end walls restraining said rotor in an axial 
direction, but permitting free rotating and sliding move 
ment within the boundaries of said raceway; said housing 
having a central, axially directed, motive fluid inlet, said 
inlet and said chamber being dimensioned with respect to 
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the entrance ends of the ring of reaction passages so that 
said reaction passages are successively in communication 
with said inlet as said rotor moves around said raceway 
and always open to said rotor chamber; said housing hav 
ing an axially concentric ring of exhaust ports, the di 
ameter of which is greater than said rotor, and some of 
said exhaust ports are at all times uncovered as said rotor 
moves in said raceway to maintain a low pressure region 
in said rotor chamber, externally of said rotor. 

13. A vibrator as set forth in claim 12, wherein: said 
rotor is in the form of a hollow cylinder and forms a 
central pressure chamber in continuous communication 
with said motive fluid inlet, and a portion of the motive 

O 

3. 
fluid flows radially across the ends of said rotor to suspend 
the rotor between the end walls of the rotor chamber. 

14. A vibrator as set forth in claim 13, wherein: said 
rotor is provided with an additional ring of reaction pas 
sages having entrance ends communicating with said pres 
sure chamber and discharge ends intersecting the outer 
cylindrical surface of the rotor. 
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