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UNITED STATES PATENT office 
2,423,507 

PLANETARY PSTON PUMP 

Joseph B. Lawton, Bartlesville, Okla., assignor of 
one-half to S. N. Wan Wert, Dallas, Tex. 

Application October 11, 1941, Seria No. 414,625 
(C. 103-132) 6 Claims. 

This invention relates to pumps and pumping 
mechanisms and particularly to a novel form 
of pumping mechanism adapted to develop a novel 
form of compound mechanical movement having 
many advantageous characteristics for pumping 
purpoSeS. 
The pumping mechanism in accordance with 

this invention may be classified, for the purposes 
of this description, as of the planetary or rotary 
piston type, although it differs from the more 
conventional forms of such types in highly im 
portant respects, as will be explained herein 
after. 
One embodiment, in accordance with this in 

vention, employs a cylinder in which is disposed 
an annular piston having an internally journalled 
eccentric which normally imparts to the piston 
an Oscillatory movement within the cylinder. 
The piston, in the preferred embodiment, is an 
chored to the ends of the cylinder by a non-rigid 
anchoring connection of a form which is opera 
tive in response to the rotations of the eccentric 
Within the piston to introduce into or combine 
With the normal osillatory movement of the pis 
ton a generally circular component of movement 
Which is developed upon a radius of rotation sub 
stantially less than that of the piston. That is, 
although anchoring the piston against rotation 
Within the cylinder, the anchoring connection 
permits a limited peripheral movement of the 
piston relative to the cylinder, the peripheral 
movement being generally circular in form. This 
combination of elements, when acting upon a 
fluid suitably confined within the cylinder, re 
Sults in a pumping action having positive dis 
placement characteristics combined with uniflow 
constant discharge characteristics. 
A plurality of partition or sealing members are 

provided between the piston and cylinder and 
are effective to divide the cylinder into a plu 
rality of Segmental cylinders or sectors, each of 
which is provided with suitably arranged suction 
and discharge ports for the intake and exhaust 
of fluid being pumped. The sealing members act 
primarily as retainers or dams to retain the fluid 
in the cylinder Sectors while the fluid is being 
acted upon by the piston. 
By the above described combination of ele 

ments, the fluid being pumped is acted upon di 
rectly by the piston in the manner of positive 
displacement pumps, by direct compression be 
tween the adjacent peripheral faces of the piston 
and cylinder during the oscillations of the pis 
ton. By means of the anchoring mechanism 
employed, this direct compressive action is mod 
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ified by an internal generally circular peripheral 
movement by which the compressive action is 
progressively increased in the direction of rota 
tion of the actuating eccentric, and serves to 
Smooth out the discharge flow of the fluid, and 
produces other important advantages whicch will 
be described hereinafter. The result is, there 
fore, that movement of the fluid is in no way de 
pendent upon close clearances, or upon the de 
gree of clearance, between the piston and cyl 
inder, that is, no "rubbing' action of the piston 
periphery upon the cylinder wall is required to 
move the fluid. Also, the sealing members, un 
like the vanes employed in conventional rotary 
pumping mechanisms wherein they act as im 
pellers to brush or push the liquid from point to 
point along the cylinder periphery from suction 
to discharge, operate, instead, entirely as dams 
or partitions to retain the fluid in the chamber 
formed between the piston and cylinder periph 
eries, while it is being acted upon by the de 
scribed compound movement of the piston. No 
positive means, such as conventional centering 
pins, thrust rollers, and the like, are required, 
therefore, for maintaining the sealing function 
of the Sealing members. The sealing members 
may be held in Sealing position simply by bal 
ancing the fluid pressure thereon, by the use of 
Springs, and in various other Ways, some of which 
are illustrated in the drawings and will be de 
Scribed hereinafter. 
By the employment of the novel mechanism 

in accordance with this invention, it is possible 
to construct Small, compact and very efficient 
pumps, which are particularly adapted for pump 
ing against Very high heads. Such pumps will 
have very few working parts, the foot travel of 
which relative to other parts is comparatively 
Small as compared with other types of pumps 
and which are, therefore, not subject to exces 
sive Wear, and may be inexpensively constructed 
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in a Wide range of sizes and capacities for many 
Services. 
A principal object of this invention, therefore, 

is to provide a new form of pumping mechanism 
Which is highly efficient and of simple construc 
tion, and which is adapted for use in pumps, 
compreSSors, motors and other engines of like 
character, employed for moving fluids of various 
types. 
Another object is the provision of a form of 

pumping mechanism which is productive of a 
novel type of compound pumping movement hav 
ing positive displacement and uniflow discharge 
characteristics, and which is adapted particu 
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larly for the pumping of liquids and gases at high 
preSSures, o 

A more specific object of this invention is the 
provision of a submergible deep well pump, for 
oil and water wells and the like, employing the 
characteristic pumping mechanism of this inven 
tion for the efficient lifting of well fluids against 
high head pressures. 
Other and more specific objects and advan 

tages of this invention will become apparent from 
the following detailed description when read in 
conjunction with the accompanying drawings 
which illustrate Several useful embodiments in 
accordance with this invention. It Will be under 
stood that various changes and modifications may 
be made in the details of this invention. Without 
departing from the scope of the appended claims, 
but within the spirit of this invention. 

In the drawings: 
Fig. 1 is a longitudinal sectional view taken 

along line - of Fig. 2 showing a pump assem 
bly in accordance with one embodiment of this 
invention; 

Fig. 2 is a transverse sectional view taken along 
line 2-2 of Fig. 1; 

Fig. 3 is a transverse view taken along line 
3-3 of Fig. i looking toward the discharge end 
of the pump; 

Fig. 4 is a transverse view taken along line 
4-4 of Fig. 1 looking toward the suction end of 
the pump; 

Fig. 5 is an enlarged view of a detail of the 
anchoring mechanism employed with the embod 
iment illustrated in Fig.1; 

Fig. 6 is an elevational view, partly in section, 
of the piston element of the pump shown in 
Fig. 1; 

Fig. 7 is an enlarged detail of another em 
bodiment of the anchoring mechanism in ac 
cordance with this invention; 

Fig. 8 is a view showing a pump, in accord 
ance with the embodiment illustrated in Fig. 1, 
positioned in a pumping string in a well; 

Figs. 9d, 9b, 9c, and 9d are fragmentary views 
of a segment of the piston and cylinder elements 
of the pumping mechanism of this invention, and 
illustrate more or less diagrammatically several 
positions of the working parts of the pumping 
mechanism during a complete cycle of the mech 
anism; 

Fig. 10 is a longitudinal sectional view of an 
other embodiment in accordance with this inven 
tion illustrating a form of multi-stage pump in 
accordance with this invention; 

Fig. 11 is a transverse sectional view taken 
along line -? of Fig. 10; 

Fig. 12 is a similar view taken along either of 
lines 2-2 of Fig. 10; 

Fig. 13 is a plan view of the piston and cylin 
der elements of another embodiment in accord 
ance with this invention; 

Fig. 14 is a transverse view, partly in section, 
taken along line f4-4 of Fig. 13; 

Fig. 15 is a plan view of the piston and cylin 
der elements of still another embodiment in ac 
cordance with this invention, being partly broken 
away to illustrate the details of this embodiment; 

Fig. 16 is a cross Section taken along line 6-6 
of Fig. 15; 

Fig. 17 is a cross section taken along line 7-7 
of Fig. 15; 

Fig. 18 is a plan view of the piston and cylin 
der elements of a further embodiment in ac 
cordance with this invention; 

Fig. 19 is an elevational view of a pump em 
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4. 
ploying the pumping mechanism in accordance 
with this invention arranged in a horizontal 
mounting; 

Fig. 20 is a central longitudinal section of the 
pump Of Fig. 19 illustrating the internal ar 
rangement of the parts; and 

Fig. 21 is a transverse sectional view taken 
along line 22-2 of Fig. 20. 

Referring to the drawings and to Figs. 1 to 6 
inclusive, in particular, the numeral 25 desig 
nates generally a form of pump, in accordance 
with one embodiment of this invention, arranged 
for Operation in vertical position. The pump 
comprises an annular casing 26, the hollow in 
terior of which forms a cylinder 27, the lower 
end of which is enclosed by an end plate to be 
referred to as the Suction plate 28, and the upper 
end of which is tightly enclosed by a second end 
plate to be referred to as the discharge plate 29. 
Suction plate 28 is provided with a plurality of 
circumferentially spaced suction passageways 30 
in each of which is disposed a suitable valve such 
as a ball valve 3. The suction passageways 30 
extend entirely through suction plate 28 and 
Communicate with cylinder 2 at points closely 
adjacent the peripheral wall of the cylinder. A 
Suction header 32 is arranged adjacent the outer 
face of suction plate 28 and is provided with a 
plurality of suction ports 33 registering with 
Suction passageways 30 at One end, and com 
municating at the other end with the interior of 
a tubular suction chamber 34 of any suitable 
form which encloses suction header 32 and pro 
vides access to a source of fluid to be pumped. 
' Discharge plate 29 is also provided with a plu 
rality of circumferentially spaced discharge pas 
Sageways 35, in each of which is disposed a suit 
able valve such as a ball valve 3 a. Discharge 
passageways 35 extend entirely through dis 
charge plate 29 and communicate with cylinder 
27 at Jpoints closely adjacent the cylinder wall 
but preferably, though not necessarily, at points 
which are circumferentially spaced from the 
points of communication of suction passageways 
30 with cylinder 27. A discharge header 36 is 
arranged adjacent the outer face of discharge 
plate 29 and is provided with a plurality of dis 
charge ports 37 registering at one end with dis 
charge passageways 35 and communicating at 
the Opposite ends with a tubular discharge cham 
ber 38 to which is connected a discharge con 
duit 39. A plurality of bolts 4C extends through 
the headers end plates and casing to connect 
them together tightly into a generally tubular 
Structure of compact form. 

Disposed in cylinder 2 is a flat ring-shaped 
piston 4, the external diameter of which is some 
what Smaller than the diameter of cylinder 27. 
The length or thickness of piston 4 is such as 
to provide a close sliding fit between the ends of 
the piston and the faces of suctioni plate 28 and 
discharge plate 29 which enclose the ends of cyl 
inder 27. A drive shaft 42 extends axially 
through Suitable registering openings in discharge 
header 36, discharge plate 29 and suction plate 28, 
being journalled in suction plate 28 and discharge 
plate 29 in bearings 43 and 44 respectively. These 
bearings may be of any Suitable and conventional 
form Such as sleeve bearings, roller bearings, nee 
dle bearings or the like as may be found most ex 
pedient to use. One end of shaft 42 extends ex 
teriorly of discharge header 36 and is provided 
With Splines 45 for connection to a motor shaft 
(not shown) or to any other suitable source of 
power for rotating shaft 42. The portion of shaft 
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2 which lies within cylinder 2 has rigidly 
mounted thereon a cylindrical eccentric cam 46, 
which is journalled axially of piston 4 in a bear 
ing 47 of any suitable type. Piston 4 thus be 
comes eccentrically disposed in cylinder 2. 
Thrust rings 48-48, surrounding shaft 42, are in 
terposed between the opposite ends of cam 46 and 
the adjacent faces of Suction and discharge plates 
28 and 29 to take such end thrust as may develop 
during the operation of the pump. 

Piston 4 is anchored against ordinary rotation 
within cylinder 27 by providing a circular recess 
49 in the face of suction plate 28 adjacent the 
contiguous face of piston 4 in which is rigidly 
mounted a cylindrical pin 50 which extends into 
recess 49. Pin 50 is Smaller in diameter than re 
cess 49 providing a definite amount of lateral 
clearance between these members which is oper 
ative to permit a secondary peripheral movement, 
generally circular in form, of piston 4 relative 
to cylinder 27, the peripheral movement being of 
limited radius as determined by the degree of 
clearance between pin 50 and the periphery of 
recess 49. This secondary movement has the im 
portant function referred to above and will be 
more fully described hereinafter. 

O 
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Piston 4 is provided with a plurality of radial 
slots 5 extending from end to end of the piston 
and having slidably mounted therein close fitting 
plate-like partition or sealing members 52 which 
are normally held in yieldable contact with the 
peripheral wall of cylinder 27. by means of coil 
springs 53 mounted behind members 52 in slots 5. 
Sealing members 52 are substantially equal in 
length to piston 4 so that the end surfaces of 
the sealing members are substantially flush with 
the end faces of the piston and are in close slid 
able contact with the adjacent faces of suction 
and discharge plates 28 and 29. Extending in 
wardly along those faces of slots 5 which are ad 
jacent to the pressure sides of members 52 are 
grooves 54 (see Fig. 6 particularly) through 
which fluid under pressure in cylinder 27 is intro 
duced into slots 5 behind sealing members 52 to 
balance the pressure on the sealing members and 
to aid in holding them in continuous contact with 
the peripheral wall of cylinder 27. It will be un 
derstood that while these sealing members 52 are 
illustrated as being in the form of generally rec 
tangular plates, they may be of any other suit 
able form comparable in configuration to many 
of the forms of vane members conventionally em 
ployed in rotary type pumps. 
In accordance with this invention, two or more 

sealing members 52 may be used, the various il 
lustrative embodiments herein described showing 
four such members symmetrically arranged about 

30 

35 

40 

50 

55 

the axis of the piston. At least an equal number 
of suction passageways 30 and discharge passage 
ways 35, with corresponding valves 3 and 3a, 
should be employed. The sealing members 52 
serve to divide cylinder 27 into a plurality of cyl 
inder sectors, the side walls of which are defined 
by the sealing members 52. The cylinder sectors 
thus formed are each provided with at least One 
suction passageway 30 and one discharge passage 
way 35. 
The above described pumping mechanism and 

pump operate in the following manner: When 
shaft 42 is coupled to a motor or other prime 
mover and rotated thereby, the resulting rotation 
of cam 46 within piston 4 permits a rolling oscil 
latory movement to the piston within the cylinder, 
the ends of the piston sliding on the adjacent 
faces of Suction plate 28 and discharge plate 29. 

60 

65 

6 
The engagement of anchoring pin 50 in anchor 
ing recess 49 prevents rotation of the piston with 
in cylinder 27. However, by virtue of the differ 
ence in diameters of the pin and recess, pin 50 
travels in a circular path along the peripheral 
wall of recess 49 in response to the movementSin 
parted to piston 4 by the internal rotation there 
in of cam 46, and thereby modifies the normal os 
cillations of the piston by a generally circular pe 
ripheral component of movement which is de 
veloped upon a radius of rotation determined by 
the lateral clearance between pin 50 and recess 
49, that is, upon a radius of rotation less than the 
radius of oscillation of piston 4. 

This novel arrangement of the parts of the 
pumping mechanism, by virtue of the compound 
movements of piston 4 developed thereby, pro 
duces a number of greatly advantageous results 
when employed for pumping fluids. In the first 
place, each segment of the piston now engages in 
a generally radial reciprocating movement rela 
tive to a corresponding portion of the cylinder 
wall and movement of the fluid, therefore, does 
not depend upon rolling or rubbing contact of the 
piston periphery with the cylinder wall, nor upon 
very close clearances therebetween, as is the case 
with the so-called "cycloidal' or planetary pumps 
heretofore designed. In the second place, sealing 
members 52 do not act as impellers in the ordi 
nary sense, since only a very limited degree of 
peripheral movement of the sealing members is 
permitted by the anchoring mechanism. Instead, 
the periphery of each segment of the piston en 
gages primarily in a reciprocating movement rel 
ative to the corresponding peripheral sector of 
the cylinder wall, alternately drawing fluid into 
the cylinder sector through a suction port 30 on 
the inward stroke and compressing the fluid on 
the out-stroke and discharging it through the 
corresponding discharge passageway 35. This 
generally radial reciprocating movement of the 
piston segments is modified by the secondary in 
ternal generally circular component of movement 
developed by the rotation of pin 50 within recess 
49 in response to the normal oscillations of the 
piston produced by the eccentric action of cam 
46. This secondary movement acts to progres 
sively increase or decrease the radially compres 
Sive action of the piston segment in the direction 
of rotation of the shaft 42. With this arrange 
ment it will be seen that sealing members 52 act 
as Sealing elements between the piston segments 
and the corresponding cylinder sectors, and as 
retainers for the fluid trapped in each cylinder 
Sector while the fluid is being acted upon by the 
piston. Since there is only a limited degree of 
relative movement between the sealing members 
and the surfaces of the cylinder and piston, and 
no direct rubbing or rolling contact of the piston 
periphery upon the cylinder wall, it will be seen 
that the total amount of foot travel between the 
Working parts is reduced to a minimum and Will 
necessarily result in correspondingly reduced wear 
upon the Working parts, the life thereof being 
greatly increased as a result. 

Figs. 9a to 9d, inclusive, may be referred to in 
Order to more clearly illustrate the functioning 
of the pumping mechanism heretofore described. 

70 

5 

These figures are fragmentary views of one quar 
ter segment of piston 4 and the corresponding 
portions of casing 26 and cylinder 27, together 
with Small portions of the adjacent segments of 
the pumping mechanism. For illustrative pur 
poses, both the suction and discharge passage 
ways 30 and 35 are illustrated as extending lat 
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erally through casing 26. It should be under 
stood that although illustrative, this arrangement 
is entirely practical also, for by connecting suit 
able suction and discharge headers to the Outer 
ends of these passageways, this arrangement will 
function in substantially the same manner as 
that previously described. Figs. 9a to 9d repre 
sent four positions, at 90 degree intervals, of the 
piston segment shown, during clockwise rotation 
of shaft 42 and cam 46, and therefore, represent 
the movements of the piston segment during a 
complete cycle of the pumping mechanism. The 
parts shown bear the same identifying numerals 
as the corresponding parts shown in Figs. 1 to 6, 
inclusive. The arrows applied to the parts of 
the piston 4 and within recess 49 indicate the 
directions of movement of the piston and of pin 
50 throughout the cycle, while the arrows shown 
in cylinder 27 and passageways 30 and 35 indi 
cate the direction of movement of fluid during the 
complete cycle. From these figures it will be 
seen that the compound movements of the piston 
effected by the described pumping mechanism 
produces an overlapping or merging of the dis 
charges of fluid from succeeding Sectors of the 
cylinder and a similar overlapping of the intake 
movements of the fiuid into Successive Sectors of 
the cylinder, with the result that the movement 
of fluid through the pump and out of the dis 
charge is constant and non-pulsating and may 
be described as a "uniflow' movement of the fluid, 
a highly advantageous characteristic to be sought 
in the pumping of fluids. 

() 
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The limited extent of the peripheral oscillating 
movements of the piston and the sealing mem 

'bers relative to the cylinder Wall will be evident 
by noting the small changes in position of the 
sealing members with respect to the center lines 
shown on Figs. 9d to 9d. In this connection it 
should be noted that as a result of the limited 
peripheral movement of the piston and Sealing 
members developed through the COOperation be 
tween the anchoring members, the cylinder sec 
tors formed between adjacent sealing members 
may also shift peripherally relative to the cylin 
der wall in response to the oscillations of the pis 
ton, to an extent determined by the degree of 
clearance between the anchoring members. 
In effecting its reciprocating movements, each 

of the piston segments slides between the adja 
cent faces of the suction plate 28 and discharge 
plate 29 and also slides radially relative to seal 
ing members 52. Since all of these relatively 
moving surfaces are comparatively large, effec 
tive sealing is easily maintained by employing 
moderately close clearances therebetween, and 
since there is only limited relative movement be 
tween the parts, wear of the contacting surfaces 
is reduced to a minimum, as previously pointed 
out. Since sealing members 52 act merely as 
sealing partitions, springs 53 are not required to 
exert any excessive pressures and may, therefore, 
be relatively light and inexpensive and yet oper 
ate successfully for long periods of time. The 
provision of grooves 54 on the pressure sides of 
slots 5 admits fluid under the discharge pressure 
of the pump behind the members 52, thereby bal 
ancing the pressures and relieving the load on 
springs 53 in maintaining the sealing members in 
sealing contact with the cylinder periphery. The 
small leakage of fluid into slots 5 will also enter 
the space between the lower face of piston 4 and 
the adjacent face of suction plate 28 and serves 
to balance the pressure on both ends of the piston. 
With regard to the anchoring mechanism Com 
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prising pin 50 and recess, 49, it should be noted 
that the difference in diameters of these ele 
ments should, in all cases, be not less than the 
'throw' or the length of the crank arm of can 
46, although the difference may, if desired, be 
greater than the length of the crank arm of the 
cam. This relationship permits free movement 
of the piston in response to the rotations of the 
Can, and Controls the magnitude of the Sec 
Ondary peripheral component of the pumping 
movement. It will be understood that the an 
choring members 49 and 50 may be arranged in 
varied COOperating arrangements so long as the 
requisite clearance is maintained between the 
anchoring members, and the function will be 
the same in each case. ... " 

Fig. 7 illustrates a slight modification of the 
anchoring mechanism in showing an anti-fric 
tion bearing 55 mounted on the end of pin 50 
Which engages the Wall of recess 49, in order 
to reduce the possible wear on these elements, 
although there is normally little bearing load 
between these members. 
In the embodiments previously described, the 

clearance between the peripheral faces of pis 
ton 4 and cylinder 27 may be varied by vary 
ing the diameters of piston 4 or by changing 
the crank arm of cam 46 by changing its diam 
eter relative to that of shaft 42. The capacity 
Cf the pump may be varied by changing the 
diameters or the lengths of the piston and cylin 
der, by varying the speed of rotation of shaft 42, 
or by changing the length of the crank arm of 
cam 46. Additional variations and modifica 
tions of the parts of the pumping mechanism 
and their relative arrangements will be described 
hereinafter in connection with the other embodi 
ments illustrated in the drawings. 

Fig. 8 illustrates a pump, such as pump 25, 
positioned in a pumping string in a well for lift 
ing fluid therefrom. In this figure numeral 56 
designates a well casing extending into a well, 
Such as an oil well, in the bottom of which is a 
body of fluid 5 which is to be lifted to the sur 
face. In this example, the pump is submerged in 
the fluid which enters the pump through suction 
chamber 34. Discharge conduit 39 leads to the 
surface and is provided adjacent the discharge 
end of pump 25 with an enlarged chamber 58 
in which is mounted an electric motor 59 cou 
pled to the end of shaft 42. A conductor cable 
60 extends from the surface through conduit 39 
to motor 59 to supply the necessary electric power 
thereto. 
When used in a deep well pump, the pumping 

mechanism heretofore described has many out 
Standing advantages over more conventional 
pumps. The positive displacement characteris 
tics developed by the mechanism enables the 
pump to deliver the fluid against very high heads, 
such as are necessarily developed in deep well 
founping, and at moderate driving speeds for 
the piston. Since the pumping efficiency is not 
dependent upon having close clearances between 
the piston and cylinder or upon full rotation of 
the piston about the cylinder wall, the degree of 
clearance may be made sufficiently great to permit 
ready passage of particles of sand or other solid 
matter commonly present in well fluids, without 
causing undue scoring or abrasion of the moving 
parts, and without loss of efficiency of the pump. 
Should sand grains, for example, lodge between 
the ends of the Sealing members and the cyl 
inder Wall, no damage or extended OSS of Sealing 
efficiency is likely because of the yieldable mount 
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ing of the sealing members, and their circum 
ferential oscillation provided by the anchoring 
arrangement described would allow the Sand 
particles to be easily and quickly dislodged un 
der pressure of the fluid being pumped. In addi 
tion, since the pumping mechanism in accordance 
with this invention operates on a form of the 
rotary principle and has a minimum number of 
working parts of relatively simple construction, 
it is particularly adapted to give efficient, ex 
tended, trouble-free service in deep well pump 
ing. 

Figs. 10, 11 and 12 illustrate another embodi 
ment in accordance with this invention which is 
particularly adaptable for deep well pumping and 
for other services requiring delivery of fluid 
against extremly high heads. As illustrated, this 
embodiment is a multi-stage modification of the 
form previously described, and is also arranged 
for service as a deep well pump. Essentially 
this embodiment comprises three units of the 
pumping mechanism previously described, which 
are directly superimposed, one upon the other, 
to form three stages, as indicated by the num 
bered brackets in Fig. 10. 
As illustrated in Fig. 10, stage I includes a 

suction plate 6, an annular casing 62 enclosing 
a cylinder 63 in which is disposed a piston 64, and 
a discharge plate 65. Stage II employs discharge 
plate 65 as its suction plate, and on this is 
mounted a second annular casing 62 enclosing 
a second cylinder 63 and a second piston 64, and 
a second discharge plate 65. Stage III employs 
the second discharge plate 65 as its suction plate 
and has superimposed thereon a third casing 62 
enclosing a third cylinder 63 and a third piston 
64, and a final discharge plate 65. The several 
suction and discharge plates are substantially 
identical in construction, each being provided 
with passageways 66 and valves 67. The casings 
62 for each stage are also identical in construc 
tion, as are pistons 64. . Each of the pistons 64 is 
provided with identical anchoring means Con 
sisting of pins 68 extending into recesses 69 po 
sitioned in One of the adjacent valve plates. 
drive shaft 70 extends through the entire group 
of pump elements and is provided with a plu 
rality of longitudinally spaced cans f for in 
parting movement to the several pistons 64. In 
order to balance the load on shaft 70, the cams 
for stages I and III are positioned on the same 
side of the shaft; while the cam for stage II is 
positioned on the shaft at an angle of 180 de 
grees with respect to the position of the other 
cams. The anchoring means for the piston of 
stage II is also disposed diametrically opposite 
to those in stages I and III. Anti-friction bear 
ings 2 are provided for journalling the shaft 
in the several valve plates, and anti-friction 
bearings 3 journal the cams if in their re 
spective pistons 64. A discharge header 74 is 
connected to the discharge plate of stage III and 
communicates With a discharge conduit 5. A 
suction header 76 is connected to the suction 
plate 6 of stage I and is provided with a tu 
bular extension 77 into which the splined end 
78 of drive shaft 70 extends and is coupled to 
a power shaft 9 journalled in the bore of ex 
tension . The lower end of power shaft 9 
is adapted for connection to a suitable prime 
mover, not shown. In this embodiment, it will 
be seen that drive shaft 0 is driven from the 
suction end of the pump rather than from the 
discharge end, as in the previously described em 
bodiments. 
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One particular difference between the struc 

ture of the pumping mechanism illustrated in 
Fig. 10 and that previously described, resides in 
the mounting of the sealing members 80 in the 
casings 62 (see Figs, 11 and 12) rather than in 
the pistons 64, although this modification is 
equally applicable to the embodiment of Figs. 1 
to 6. The sealing members 80 are slidably mount 
ed in radial slots 8 in casings 62 and are held 
in yielding contact with the periphery of the 
corresponding piston 64 by means of Springs 82. 
It will be understood that pressure balancing 
grooves, such as grooves 54 of the earlier de 
scribed embodiment, may be provided in slots 
8 on the pressure sides of the sealing members 
80. 
In operation, fluid is drawn through the suction 

ports in suction header 76 through passagewayS 
66 into cylinder 63 of stage I from which it is 
pumped by piston 64 of that stage into passage 
ways 66 in discharge plate 65 of stage I, thence 
into cylinder 63 of stage II, whence it is dis 
charged at increased pressure through the next 
valve plate into cylinder 63 of stage III, wherein 
the pressure is further increased and the fluid 
finally discharged through discharge plate 65 of 
stage III into discharge header 74 and discharge 
conduit 75. The successive increaseS in preSSure 
applied to the fuid in the successive stages en 
ables the multi-stage pumps of this embodiment 
to discharge the fuid against extremely high 
heads, and this embodiment is especially ap 
plicable to pumping services in which the fiuid 
must be discharged against head pressures of 
several thousand pounds per square inch, and 
at high eficiencies. 

It will be understood that pumps employing 
any number of stages may be constructed in ac 
cordance with this embodiment employing a unit 
of the characteristic pumping mecharism of this 
invention in each stage. Because of the rela 
tively simple construction involved, friction losses 
through a plurality Of stages will be compara 
tively low and the efficiencies will consequently. 
be comparativelyhigh. 

FigS. 13 and 14 illustrate still another arrage 
ment of the sealing members whereby the need 
for Springs, such as springs 53 and 82 employed 
in the previously described embodiments, may 
be eliminated. As shown, the present embodi 
ment includes an annular casing 83 enclosing a 
cylinder 84 in which is disposed a circular pis 
ton 85. A drive shaft 86 extends axially through 
the casing and cylinder and is provided with an 
eccentric can 8 journalled internally of piston 
85 in an anti-friction bearing 88. An anchoring 
pin 89 and an anchoring recess 90, similar in 
form and function to those previously described, 
serves to anchor piston 85 to the casing. The 
suction and discharge plates and valve arrange 
ments are also similar to those previously de 
scribed. Tubular slide pins 9 are disposed in 
tubular recesses 92 in the periphery of piston 
85 and are symmetrically arranged about the axis 
thereof. Cylindrical rocker bearings 93 are ar 
ranged in cylindrical recesses 94 in the periph 
ery of casing 83 in registering relationship to 
slide pins 9. Slide pins 9 are provided with 
slots 95 opening toward the periphery of piston 
85. A plurality of flat sealing members 96 have 
one end rigidly fastened by means' of pins 97 in 
rocker bearings 93, the other end being freely 
slidable in slots 95 in slide pins 9. As piston 
85 is oscillated in response to the rotations of 
can 8 and engage in the limited rotational 

  



2428,507 
11 

movement as determined by the clearance be 
tween anchor pin 89 and recess 90, sealing men 
bers 96 engage in a complementary rocking 
movement about rocker bearings 93 and slide 
pins 9 as pivots, and permit piston 85 to engage 
in the previously described compound pumping 
Ovement. 
An annular groove f l is provided in the upper 

face of piston 85 connecting the several slots 95 
to permit escape of trapped fluid from the slots 
and to permit equalizing the pressures on the 
sealing members during the pumping movement 
of the piston, 

Figs. 15, 16 and 17 illustrate still another em 
bodiment of the pumping mechanism as particul 
larly adapted for submergible operation in deep 
well pumping. In this embodiment sealing mem 
bers 98 are mounted in the annular casing 99. 
and bear against the periphery of the piston. 00. 
This embodiment illustrates means for maintain 
ing the sealing members in sealing contact with 

10 

5 

20 

the piston solely by fluid pressure, first by the 
pressure of the fluid in which the pump is sub 
merged before pumping begins, and then by the 
head pressure developed after pumping is under 
way. For this purpose, an annular groove Of is 
provided in casing 99 communicating with the 
several slots 02 in which sealing members 98 
are slidably mounted. A laterally extending pas 
sageway 03, provides communication between 
the exterior of the Casing and annular groove 
D. Passageway 03 is fitted with a valve 04 

which is lightly loaded by a spring foss to main 
tain the outer end of passageway 03 normally 
closed. 
With the pump submerged in fluid in a well 

25 

30 

35 

before pumping movement of the piston is begun, 
the head of the submergence fluid is ordinarily 
sufficient to counteract the pressure of spring OS 
and open passageway fo3, allowing the fluid to 
enter groove of and exert its pressure against 
the inner ends of sealing members. 98 to hold 
them in sealing contact with the periphery of 
piston 00. When pumping begins and head pres 
sure is developed in the interior of the pump, this 
pressure is transmitted through the interior of 
the pump cylinder and forces fluid under the in 
Creased pressure from the cylinder into slots O2 
and thence into groove 0 . This pressure, being 
greater than the submergence head, forces valve 
04 to close passageway 03 and acts to provide 

the necessary sealing pressure for the sealing 
members 98. 

Fig. 18 illustrates an additional embodiment of 
the arrangement of the sealing members, where 
in sealing members 06 are slidably mounted in 
slots for in the piston foe and are disposed gen 
erally at right angles to each other. The oper 
ation of this form of the pumping mechanism is 
in no way different from those previously de 
scribed, the principal elements thereof being 
otherwise substantially identical with those pre 
viously described. 

Figs. 19, 20 and 21 illustrate the pumping 
mechanism in accordance with this invention ar 
ranged in a horizontally disposed pump 09 
mounted on a base 0. This embodiment differs 
otherwise in no essential respect from the earlier 
described embodiments, the mechanism function 
ing in exactly the same manner as in the earlier 
described embodiments. 
From the foregoing, it will be evident that the 
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novel pumping mechanism of this invention may 
be constructed with numerous variations in its 
details, and may be applied to a variety of pump 5 

12 
ing uses with substantially equal efficiency and 
advantages. 
What I claim and desire to secure by Letters 

Patent is: . 
1. A pump comprising, a tubular body forming 

a stationary cylinder having planar end walls and 
a smooth annular wall, an annular piston of 
smaller diameter than said cylinder disposed 
therein with the ends of said piston in transverse 
sliding contact with the ends of said cylinder, 
said piston having radial slots extending the full 
length thereof and a radial groove in the front 
side of each slot, a drive shaft extending axially 
through said cylinder, an eccentric driving can 
carried by said shaft and journaled axially in said 
piston and adapted to impart orbital movement 
thereto, anchoring means for said piston at an 
end thereof comprising a pin and a cooperating 

- socket permitting but limiting an orbital move 
ment of the pin, a plurality of circumferentially 
spaced sealing members extending between the 
periphery of said piston and said annular wall 
and together therewith adapted to form spaces 
of varying volume during the orbital movement 
of said piston, yieldable means in said slots urg 
ing said sealing members into sliding contact 
with a portion of said smooth cylinder wall, and 
suction and discharge passageways opening Sep 
arately and directly from said end walls into said 
spaces and adapted to be alternately opened and 
closed by an end wall of said piston during its 
said movement and check valves in each of said 
passageways. 

2. In a pump comprising, a tubular body form 
ing a cylinder having planar end walls and a 
smooth annular wall, an anular piston of Smaller 
diameter than said cylinder disposed therein with 
the ends of said piston in transverse sliding con 
tact with the ends of said cylinder, a drive shaft 
extending axially through said cylinder, an ec 
centric driving cam carried by said shaft and 
journaled axially in said piston and adapted to 
impart orbital movement thereto, anchoring 
means for said piston comprising a guide pin and 
socket and a plurality of circumferentially spaced 
sealing members extending between the periphery 
of said piston and said annular wall and together 
therewith adapted to form spaces of varying vol 
ume during the orbital movement of said piston, 
and suction and discharge passageways having 
check valves therein opening separately and di 
rectly from said end walls into said spaces, said 
passageways being adapted to be alternately 
opened and closed by action of said piston dur 
ing its movement. 

3. In a deep well pump for oil wells and the 
like comprising, a tubular body forming a cylin 
der having planar end walls and a smooth annu 
lar wall, an annular piston of smaller diameter 
than said cylinder disposed therein with the ends . . 
of said piston in transverse sliding contact with 
the ends of said cylinder and free at all times 
from contact with the sides of said cylinder, a 
drive shaft extending axially through said cylin 
der, an eccentric driving cam carried by said 
shaft and journaled axially in said piston and 
adapted to impart orbital movement thereto, an 
choring means for limiting the rotation of said 
piston, a plurality of transversely yieldable cir 
cumferentially spaced sealing members extending 
between the periphery of said piston and said an 
nular cylinder wall and together therewith 
adapted to form spaces of varying volume during 
the orbital movement of said piston, and a suc 
tion passageway adjacent to the intake side of 
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each sealing member and a discharge passageway 
on an opposite side of each sealing member Open 
ing separately and directly into each of said 
spaces and oppositely disposed check valves in 
each passage, said passageways being adapted to 
be alternately opened and closed by action of said 
piston during its said movement so as to draw 
fluid initially into each successive inlet thereby 
closing the associated Outlet passage until each 
said space has attained its maximum capacity, 
and secondly and consecutively to compress and 
eject the entrapped fluid through each successive 
outlet passage until each said space has been 
consecutively reduced to its minimum capacity. 

4. In a machine of the character described 
comprising, a tubular body forming a cylinder 
having planar end walls and a smooth annular 
wall, an annular piston of smaller diameter than 
said cylinder disposed therein with the ends of 
said piston in transverse sliding contact with the 
ends of said cylinder having peripheral slots ex 
tending longitudinally thereof, a drive shaft ex 
tending axially through said cylinder, an eccen 
tric cam carried by said shaft and journaled 
axially in said piston for orbital movement of the 
piston thereon, means for permitting concentric 
movement of said piston, but restricting the IO 
tation thereof relative to the cylinder a plurality 
of circumferentially spaced sealing members slid 
ably disposed in said slots extending between the 
periphery of said piston and Said annular Wall 
and together therewith adapted to form spaces 
of varying volume during the Orbital movement 
of said piston, and yieldable means in said slots 
urging said sealing members radially into seal 
ing engagement with said cylinder Wall, said slots 
being provided with at least one radially disposed 
groove in the pressure side thereof to permit free 
flow of said fluid to and from its associated space 
and the slot inwardly of the sealing member. 

5. In a machine of the character described 
comprising a tubular body forming a cylinder, a 
piston having smaller diameter than the cylinder 
disposed therein with the ends of said piston in 
transverse sliding contact with the ends of said 
cylinder, a drive shaft extending axially through 
said cylinder and eccentrically mounted within 
said piston, a plurality of radially yieldable seal 
ing members extending between the piston and 
the cylinder forming a plurality of sealing cham 
bers therebetween, means holding said piston 
against Substantial rotary motion, but permitting 
an eccentric motion thereof, said cylinder have 
ing individual inlet and outlet ports disposed re 
spectively adjacent each of said sealing members, 
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14 
and check valves for each of said ports so as to 
provide one inlet and one outlet port for said seal 
ing chambers in the circumferential area between 
said piston and said cylinder so as to render said 
individual sealing chambers subject to compres 
sion and having a uni-directional flow from ad 
jacent sealing chambers. 

6. In an oil well pump of the character de 
Scribed comprising a tubular body forming a 
cylinder, a piston having a diameter Smaller than 
the cylinder disposed therein. With the ends of 
said piston in transverse sliding contact with the 
ends of said cylinder, a drive shaft extending 
axially through said cylinder and providing an 
eccentric mounting for said piston, the cylindri 
cal exterior face of the piston at its closest ap 
proach to the cylindrical interior wall of the cyl 
inder being spaced therefrom by a clearance suffi 
cient to pass granular material of the nature of 
sand, a plurality of Sealing members circumferen 
tially disposed between the walls of the piston and 
the cylinder forming a plurality of equal circum 
ferentially spaced chambers of capacity variable 
in response to eccentric movement of Said piston, 
means adapted to limit said piston to eccentric 
movement, oppositely disposed inlet and Outlet 
ports for each chamber near one of the sealing 
members, and oppositely acting check valve 
means respectively in said inlet and Outlet ports. 
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