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This invention relates to well pumping apparatus and 
more particularly‘ to ?uid pumps of the electro-magnetic 
type utilizing a, reciprocating piston. 
An object of this invention is to provide a reciprocat 

ing pump of the electro-magnetic type in which high 
pumping pressures are developed to permit the pumping 
of ?uids from well casings of relatively small diameter 
of great depths and which can be readily adapted by 
only slight modi?cations of pump ?uids within a wide 
range of discharge pressures and ?ow rates. 
Another object of this invention is to provide an elec 

tro-magnetic pump which is simple, light, and durable 
in construction, compact in design, relatively inexpensive 
to manufacture, and capable of operating continuously 
in a highly e?icient manner, requires minimum mainte 
nance, supervision, and repair and which may be readily 
combined as a stage pump with pumps of similar design. 

Other objects and advantages of my invention in part 
will be obvious and in part pointed out hereinafter during 
the course of the following description. 
My invention accordingly resides in the combination 

of elements, features of construction, and arrangements 
of parts, the scope of the application of all of which will 
be more fully set forth in the claims at the end of this 
speci?cation. 
‘For a more ready comprehension of my invention, ref 

erence is had to the' accompanying drawings, wherein: 
Fig. 1 is a vertical sectional view of the invention with 

the operation parts at the upper position of the pump 
stroke. ‘ 

Fig. 2 is an enlarged view of an upper portion of Fig. 1. 
Fig. 2a is an enlarged view of the lower portion of Fig. 

1 excluding approximately the portion shown in Fig. 2. 
Fig. 3 is a sectional 'view taken substantially along line 

3—-3 of Fig. 2. ' 

Fig. 4 illustrates diagrammatically an electrical operat 
ing circuit for the pump. _ V 

. Like reference characters refer to like parts throughout 
the several views of the drawing. T 
As more conducive to a clearer understanding of the 

invention, it may be noted that in the past, the electro 
magnetically operated piston-type pump has come into 
widespread commercial application particularly in the 
?elds such as the oil industry where great dri‘llingrdepths 
are frequently encountered. This type of pump lends it 
self to a compact design and can be constructed in such 
a manner that it will perform with ef?ciency in relatively 
small-diameter bored well holes. However, even the low 
capacity pumps used in the past in order to obtain the 
necessary discharge pressures for operating at a great 
depth have been complicated in design, bulky in size, and 
expensive to manufacture resulting in an unnecessary in 
crease in drilling' and maintenance costs. 

It is, therefore, an outstanding object of this invention 
to' provide'an electro-magnetic pump which is light and 
simple in construction having a minimum number of in 
expensive, easily assembled parts which can be used in 
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extremely deep, relatively small-diameter well holes and 
which is capable of pumping ?uids in a highly ef?cient 
manner at the desired surface pressures and flow rates. 
As speci?cally illustrative of the structure of my inven 

tion, attention is directed to Figs. 1-4 of the drawing. 
Figs. l-2a show a reciprocating pump including a cylin 
drical casing 10 of tubular form having a central bore 
11. Annular recesses 12 and 13 are provided in the eas 
ing wall in which are positioned solenoid coils 14 and 15 
respectively. These solenoid coils are of the conven 
tional ring-shaped variety and are designed to ?t snugly 
into their corresponding recesses as shown in Fig. 2. 
The casing 10 is separated at 10a into two sections to 
provide access to the solenoid 15 and internal portion of 
the casing. The two sections may be joined in any con 
venient manner and in the embodiment shown, the con~ 
nection between the two sections is accomplished by a 
screw threaded construction. 

Disposed within the casing bore 11 is a freely movable 
elongated cylindrical hammer 16. This hammer 16 is 
composed of a heavy metallic material such as iron while 
the material of the casing 10 is of a suitable non-magnetic 
material such as brass or a non-ferrous alloy. It will, 
therefore, be seen that when the solenoids are energized, 
movement will be imparted to the hammer by virtue of 
its acting as a solenoidal core so that it moves reciprocally - 
along the casing bore 11. 

In the lower portion of the casing 10, a cylindrical pis 
ton or plunger 17 is provided. This piston has an en 
larged head portion 17a, which is ?tted for reciprocating 
movement within a portion 11a of the casing bore 11 of 
enlarged diameter. The plunger is biased upwardly 
against the upper end of this portion by means of loading 
spring 18. I also provide sealing means for both ends 
of the plunger in the form of 0 rings 19 and 19’. 
A pair of outlet ?uid passages 20, 21 are provided in 

the casing 10 on opposite sides of the bore and extend 
upwardly within the casing parallel to the casing axis. 
At the ‘upper end of the casing, a capping member 22 is 
located and may be secured thereto by means of a screw 
threaded arrangement as shown in Fig. 2. A pair of 
opposed downward and outwardly extending ?uid pas 
sages 23, 24 are also provided in the cap which communi 
cate at one end with passages 20 and 21 respectively. 
The cap passages are so arranged to communicate with 
an inner bore 26 in the cap 22. 
The ?uid passages 20, 21 are connected to radial ducts 

27, 28 respectively which communicate with the lower 
portion of the casing bore 11 beneath the piston 17. 
Valve seats 29, 30 are provided at end of the ducts adja 
cent the bore 11 and ball check valves 31, 32 are biased 
into valve seating engagement by means of springs 33, 34. 
Set screws 35, 36 are provided to close the outer ends 
of the ducts and to permit removal of the check valves 
when desired. 
At the lower end of the casing 10, a cylindrical valve 

case 37 threaded on its outer periphery is positioned adja 
cent the lower end of bore 11 by means of an internally 
threaded valve support ring38. The valve case 37 is 
threaded into the support which is in turn attached to the 
casing 10 by means of a pair of threaded bolts 39. A 
gasket ring 40 is provided for insuring a ?uid seal within 
the connection. A valve 41 with an outwardly tapering 
end 42 is movably supported within the case 37. The 
tapered surfaces of. the valve end are biased into seating 
engagement with a valve seat 43 in the case by means 
of a loading spring 44. Inlet holes 45 are also provided 
in the case 37 which communicate with the case inner 
bore 45. ' 

Tosupport the pump, a stool 47 is provided adjacent 
the valve support ring 38 and secured thereto by the 
threaded bolts 39 inserted through ?ange 46a. As can 
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be seen, these bolts serve to retain both the support ring 
and stool securely against the lower end of the pump 
casing. The stool has a foot 46 at its lower end which 
serves as a support for the pump against the bottom of 
the well hole. The stool is bored internally at 48 and 
a plurality of lateral passages 49' are provided which per 
mit ?uid communication between the well and the stool 
bore 48. 

In the operation of the pump, the pump is assembled 
and an outlet pipe 50 is attached to the pump cap 22. 
A screw-threaded connection may be provided for this 
purpose or any other suitable arrangement as a means 
of attachment. The length of the pipe 50 may be chosen 
according to the Well depth or a plurality of pipe sec 
tions joined together may be employed. If it is desired, 
the stool 47 may be lowered independently to the bottom 
of the well followed by the pump. One purpose of the 
stool 47 is to support the weight of the pump and the 
weight of the outlet pipe. It also serves to withstand 
the downward force created when the hammer 16 strikes 
the piston 17. 
The pump assembly with the desired lengths of pipes 

attached is then lowered. Each of the electro-magnets 
14, 15 has one of its terminals connected to the pump 
casing 10. This may be done in any convenient manner 
and is not shown in Fig. 1. This connection provides a 
ground for each of the coils as shown in the circuit of 
Fig. 3. Lead wires 51, 52 are connected to the other 
terminal of coils 14, 15 respectively of su?icient length 
so that when the pump is lowered to the bottom of the '’ 
well, the wires can be connected into the timing mecha 
nism at the surface. 
One type of timing arrangement for use with the pump 

is shown generally in Fig. 3. The lead wires 51, 52 
terminate at contact points 53, 54 respectively. A spring 
loaded movable contact arm 55 is moved into alternate\ 
contact making engagement with the coil contacts by 
means of a cam 56. The cam may be rotated either 
manually or by an electric motor. The contact arm 55 
is connected to a suitable source of either A. C. or D. C. 
power 57, one side of which is grounded to complete the 
circuit through the solenoids 14, 15. 
When the solenoids 14, 15 are deenergized, the hammer 

16 rests in the lower portion of the bore 11 on the head 
portion 17a of the piston 17. The piston occupies the 
position of Fig. l by virtue of the upward biasing by 
its spring 18. 
When the cam 56 is rotated to the position of Fig. 4, 

a circuit is completed through the solenoid 14. A mag 
netic ?eld is thusly set up and this ?eld acts on the ’ 
hammer 16 to move it upwardly in the bore 11. As the 
cam continues to rotate, it moves the contact arm 55 
breaking the circuit to the coil 14. The hammer, there 
fore, begins to drop of its own weight. Under the action 
of the cam 56, the arm 55 moves over engaging contact 
54 and the solenoid 15 is now energized. The solenoid 
15 is so arranged that its magnetic ?eld acts on the ham 
mer in the opposite direction from solenoid 14, and 
therefore, accelerates the downward movement of the 
hammer. It can, therefore, be seen that the downward 
movement of the hammer is atfected both by its own 
weight and the pulling force of solenoid 15. 
The hammer 16 continues to move downwardly in 

the bore until it strikes the head 17a of the piston 17. 
The striking force is of such a magnitude that the piston 
is forced downwardly compressing the spring 18. The 
rotating cam now permits the contact arm 55 to move 
over under the action of its spring deenergizing the 
solenoid 15 and then closing the circuit to solenoid 14. 
Under the action previously the hammer 16 now moves 
upwardly again and the piston 17 is permitted to move up 
wardly under the loading action of the spring 18. The 
suction created by the piston draws the ?uid from the 
Well through passages 49 in the stool into the valve case 
37 through passages 45 and through the valve seat 43 
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into the lower portion of the casing bore 11 beneath the 
piston. The valve 41 is unseated against the action of 
spring 44 by the suction pressure. On the next down 
ward stroke of the hammer the piston when struck moves 
downwardly as before. The lower portion of the bore 
beneath the piston is now ?lled with ?uid and the piston 
therefore forces the well ?uid through the two ball check 
valves 31, 32 in the casing. The valve 41 is now ?rmly 
seated due to the positive ?uid pressure. The pump ?uid 
is then forced upward through the outlet passages 20, 
21 where it enters into the outlet pipe bore 26 through 
the cap passages 23, 24. 

This completes one stroke of the pump. The same 
cycle described above is repeated continuously and a 
constant discharge from the outlet pipe 50 results. It 
will be seen that the timing mechanism can be adjusted 
to obtain the desired number of strokes per second. Thus, 
the rate of ?uid discharge can be easily controlled limited 
only by the structural features of the pump. In order 
to prevent a buildup of any pressure in the bore 11 a 
small release valve 60 is provided in the casing 10. 

In the practice of the invention, it has been found the 
use of a hammer one inch in diameter and 12 feet in 
length weighing approximately 30 pounds dropping 12 
inches at a speed of 60 feet per second has a striking 
‘force of 40,000 pounds. With a piston one inch in 
diameter and a 5 inch stroke, su?icient pressure is de 
veloped to pump ?uid out of a well 10,000 feet deep and 
‘have about 400 pounds of pressure at ground level. At 
a rate of two strokes per second, a pump with the above 
dimensions will pump about 21/2 gallons per minute. It 
can be seen that the rate of discharge can also be in 
creased by increasing the size of either the hammer or 
piston or both. 

While I have shown the pump used as a single unit, it 
may nevertheless be used also in combination with a 
number of similar units as stage pumps. With the ar 
rangement, when pumping from extremely deep wells is 
necessary the discharge from the pump at the well bottom 
can feed into the intake of another similar pump at a 
higher level. As many pumps as necessary may be inter 
connected in this manner to obtain the proper ground 
level discharge rate and pressure. 

However, since the lowest pump is immersed in ?uid 
and automatically cools the solenoids, it is necessary to 
provide cooling means for the solenoids of the pumps 
which are not below the liquid level. Any desired cool 
ing means may be employed to cool the solenoids such 
as a water jacket or the like. 
Thus it will be seen that the pump provided will pump 

?uids from wells of the smallest diameter in- a highly 
efficient manner and is of such design that through selec 
tion of structural dimensions within a wide range, a large 
variety of ?ow and pressure characteristics can be ob 
tained. It is an outstanding feature of the pump among 
others that it requires minimum maintenance, super 
vision and repair. 
As many possible embodiments may be made of my 

invention and as many changes may be made in the em 
bodiment hereinbefore set forth, it is to be understood 
that all matter herein whether described or illustrated is 
to be interpreted as illustrative and not as a limitation. 

I claim as my invention: 
1. A ?uid pump having an inlet and outlet valve‘ means 

comprising a separable two-part casing, each part hav 
ing a central bore, said bores being aligned to form a 
continuous passage, a magnetic core reciprocable in the 
passage, a pair of spaced solenoids within one casing part 
and surrounding said bore for effecting reciprocation of 
said core; a pump plunger reciprocal within the bore of 
the other casing part, said plunger having a shoulder, a 
shoulder in the bore of said other casing part, a compres 
sion spring disposed intermediate said shoulders, said 
core being engageable with said plunger to effect actua 
tion thereof upon reciprocation of said core, said casing 
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parts being formed so as to effect a smooth continuous 
body for insertion in a well. 

2. A ?uid pump as set forth in claim 1, each of said 
casing parts having at least one longitudinal ?uid passage 
comprising a bore radially spaced from said central bore, 
said ?uid passage bores being in ?uid conducting axial 
alignment, the ?uid passage bore in said one casing part 
extending from end to end therethrough, the ?uid pas 
sage bore in said other casing part being foreshortened 
adjacent the end of said other casing part so as not to ex 
tend therethrough, a radial bore in said other casing part 
adjacent said end and intersecting said ?uid passage bore 
and extending therefrom to said central bore of said 
other casing part, and an outlet valve in said radial pas 
sage. 

3. A ?uid pump as set forth in claim 2, including a 
closure plate secured to said end of said other casing 
part, a valve passage in said plate axially aligned with the 
central bore in said other casing part, an intake valve in 
said passage; a pedestal secured to said closure plate com 
prising a body having a perforated intake area, including 
a bed plate secured to said body and constituting a vertical 
support means for said casing. 

4. A ?uid pump having an inlet and outlet valve means 
comprising a separable two-part casing, each part having 
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a central bore, said bores being aligned to form a cori 
tinuous passage, a magnetic core reciprocable in the 
passage, a pair of spaced solenoids within one casing part 
and surrounding said bore for effecting reciprocation of 
said core; a pump plunger reciprocal within the bore of 
the other casing part, said core being engageable with said 
plunger to effect actuation thereof upon reciprocation of 
said core by impact stress of said core on said plunger, 
including a closure plate secured to an end of said other 
casing part, a valve passage in said closure plate axially 
aligned with the central bore in said other casing part, an 
intake valve in said passage; a pedestal secured to said 
closure plate comprising a body having a perforated in 
take area, including a bed plate secured to said body and 
constituting a vertical support means for said casing. 
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