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UNITED STATES PATENT OFFICE 
2,553,54 

Original application July 17, 1947, Serial No. 
61,456. Divided and this application March 

6, 1948, Serial No. 13,422 ?? 

: 1 ? 
This invention relates generally to deep Well 

pumps, and more particularly to improvements in 
deep well pumps operated by periodic waves of 
tension and compression in an elastic column 
such as a rod string or the pump tubing. 
The present application is a division of my co 

pending parent application entitled Method and 
Apparatus for Pumping, Serial No. 761,456, filed 
July 17, 1947, and allowed October 22, 1947, now 

7 Claims. (Cl. 103-43) 2 
Figure 2 is a vertical longitudinal sectional 

view through the upper end portion of the pump 
ing system of Figure 1; 

s 

U. S. Patent No. 2,444,912 dated July 13, 1948. 0 
In said application I disclosed a type of deep 
well pump operated by periodic waves of tension 
and compression generated by means of a Sonic 
vibration generator at the ground Surface and 
transmitted via an elastic column to the pump 15 
unit proper at the bottom of the well, this column 
being in some cases the steel pump tubing, and 
in others a string of steel sucker rods. Several 
classes of pump unit were disclosed, one of which 
involved an oscillatory fluid displacing means irig- 20 
idly connected to the pump tubing and caused to 
oscillate by elastic waves transmitted thereto via 
the elastic column. Another general class of 
pump disclosed in said parent application differs 
from the first in that the oscillatory fluid dis-, 25 
placing member is movable relative to the pump 
tubing. Pumps of the latter class constitute the 
subject matter of the present application. 

It may be regarded as a general object of the 
present invention to provide a deep well pump 
of the type employing elastic waves in an elastic 
column to drive an Oscillatory fluid displacing 
member which is arranged for relative OScilla 
tion within the pump tubing. 

In one general form of the present invention, 
the oscillatory fluid displacing member is driven 
by waves travelling down a string of elastic 
Sucker rods. This form of the pump is of ad 
vantage in that it is fairly readily adaptable to 
existing well pumping installations. It has the 
further advantage that protection and support 
of the pump tubing, which is somewhat of a 
problem when the tubing is employed for the 
purpose of the elastic column, is no longer a 
factor. 
A second form of the present invention em 

ploys the pump tubing as the elastic column, and 
secures a magnified pumping stroke of the OScil 
latory fluid displacing member by certain special 
provisions which can be discussed to better ad 
Wantage hereinafter. 
The invention will be more fully understood by 

now referring to the following detailed descrip 
tion of several illustrative embodiments thereof, 
reference for this purpose being had to the ac 
companying drawings, in which: ?? 

Figure 1 is a utility view, partly in section, 
showing one embodiment of the invention; 
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Figure 3 is a detail taken in accordance with 
arrows 3-3 in Figure 2; 

Figure 4 is a vertical Sectional view showing a 
fluid displacing and check Valve Unit which may 
be used in the pumping System of Figure 1; 

Figure 5 is a view similar to Figure 4 but show 
ing a modification; 

Figure 6 is a Section taken on line 6-6 in Fig 
ure 5; 

Figure 7 is a section taken on line 7-7 of Fig 
ure 5; 

Figure 8 is an elevational view showing the 
Surface equipment of a modification of the in 
Vention; 

Figure 9 is a Vertical Sectional view of the un 
derground portion of the pumping system of Fig 
ure 8; - 

Figure 10 is a partly elevational and partly lon 
gitudinal sectional view of another embodiment 
of the invention; and 

Figure 11 is an enlarged detail of the lower 
end portion of the pump of Figure 10. 

Referring first to the embodiment of Figures 1 
through 4, show at a pump tubing suspended 
within well casing i í, the upper end of tubing í 0 
being screwed into a central opening through 
tubing head 2, to which is secured casing head 
3 carrying casing f, the latter being provided 
with gas outlet pipe 4. Upstanding from tubing 
head 2 is a tubular extension or cup 5, the 
upper end of Which is counterbored at 6 to re 
ceive the tubular lower end portion 7 of the base 
plate 8 of Spring Supporting means 9 for the 
Sucker rod string 20 that extends downwardly 
through pump tubing í 6. The sucker rod string 
Will be understood to be of elastic material, ordi 
narily steel of good fatigue properties. The upper 
end of String 26 is screwed into a suspension rod 
2 which projects up through base plate 8 and 
top plate 22 of spring supporting means í 9, being 
Slidably fitted in stuffing box 23 carried by base 
plate 8. Rod 2 f has near its upper end an en 
larged head 24 received within a recess 25 formed 
in the top of top plate 22, the bottom defining 
Wall of recess 25 being bored through, as at 26, 
On a diameter just sufficient to pass the rod 2, 
So as to afford an upwardly facing shoulder 27 
which is engaged by head 24. Between the base 
member 8 and top member 22 are a plurality of 
coil springs 28, which are positioned on vertical 
pinS 29 set tightly into base 8 and projecting 
With Working clearance through bores 3) in top 
member 22. Preferably, the pins 29 are provided 
near their lower ends with washers 3, which are 
Welded both to the pins and to the plate 8. 
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The weight of the sucker rod string 20 is thus 
transferred by rod 2 to top member 22 of Spring 
supporting means 9, and thus to the Springs 9 
which are in turn Supported through base mem 
ber 8 from tubing head 2. The casing head 3 
which carries tubing head 2 will be understood 
to be suitably Supported to carry the load thus 
placed upon it by any appropriate Supporting 
means, not shown. Tubing head member 2 will 
be seen to receive the flow from pump tubing 0, 

... and is provided with flow pipes 32. 
Mounted on the top end of rod 2 above Spring 

supporting means 9 is a wave generator G which 
may be of various types but is here shown as com 
prising a housing 33 journalling a pair of mesh 
ing oppositely rotating Spur gears 36, these gears 
being on shafts 35 and 38 carrying eccentric 
weights 3 which balance out horizontal vibra 
tions but are additive to produce a substantial 
resultant OScillatory force in a vertical direction. 
ihe driving pulley 38 of the Sound Wave genera 
tor, mounted on the Shaft for One of the Spur 
gears, is driven by electric motor 39 through belt 
& 3. It Will be understood that the function of 
this wave generator thus connected to the elastic 
Sucker rod string 2 is to transmit alternating 
longitudinal Waves of compression and tension 
down Said string to the pumping means below. 
The top member 22 of Spring Supporting means 

E3 consists preferably of a plate 4 and WebS 42 
forming pockets within which oil-soaked waste 
may be lodged in order to maintain lubrication 
of the portions of the pins 29 that reciprocate 
in the bores 3 in plate 4 during the operation 
of the pump. For the purpose of lubricating rod 
2 : Where it passes through stuffing box 23, an 
oil Cup 33 may be supported on and above the 
stuffing box, and when filled with oil, will main 
tain proper lubrication of the parts for an ex 
tended period. 
The lower end of rod string 20 is screwed into 

a pump plunger consisting of an oscillatory fluid 
impelling and check valve unit 44 (Figure 1) 
which may be, for instance, of the type shown 
in either of Figures 4 or 5-7. Referring first to 
the form of Figure 4, rod 20 is screwed into cylin 
drical plunger body 45, to which is fitted a flex 
ible diaphragm 46 peripherally clamped by or 
to the surrounding pump tubing 0. Within 
body 45 is a valve chamber 4 containing valve 
ball 48 adapted to seat at the upper end of bore 
É9 leading upwardly from annular recess 50, the 
latter receiving fluid by Way of a plurality of up 
Wardly inclined passageways 5 opening through 
the side of body 45. Leading upwardly and out 
Wardly from valve chamber 4 are a plurality 
of fluid passageways 52 opening through the side 
of body 45. The body 45 is shown formed in 
its lower end with a screw threaded socket 53 
adapted to receive a lower sucker rod section. For 
the check valve unit at the lower end of the rod 
string, the Socket 53 is not needed and might have 
been omitted. Just as in the embodiments of 
Figures 2 and 13 of my parent application Serial 
No. 761,456, however, for multi-stage pumping a 
plurality of the check valve units 44 may be emi 
ployed in the sucker rod string, spaced apart pref 
erably a half-wave length of the Wave generated 
by the generator G, as has been indicated in Fig 
ure 1. For the one or more additional valves 
above the lowermost one, the Socket 53 must thus 
be provided. 
In operation, the generator G is driven and 

functions to transmit alternating longitudinal 
elastic deformation Waves of compression and 
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4. 
expansion down the length of the spring-sup 
ported elastic sucker rod String 20, the Springs 
28 oscillating in step With the vibration frequency 
of the generator, and the Waves of compression 
and expansion being continuously transmitted 
down the sucker rod String to the one or more 
check valve and fluid impelling unitS 44 incor 
pérated therein. It is to be understood that the 
Vibration frequency of the generator is char 
acteristically high enough relative to the length 
of the Sucker rod String to produce a longitudi 
nal Wave in the string having a quarter-Wave 
length which is no longer than substantially the 
length of the string. In most cases, the genera 
tor speed is sufficient to produce a plurality of 
quarter-Wave lengths along the String. And 
preferably, the speed of the generator is so ad 
justed relative to the length of the string as to 
resonate the latter and thus set up a standing 
Wave therein, with a velocity anti-node (region 
of maximun velocity) located adjacent each 
check valve. It will thus be understood that the 
Sucker rod portion immediately adjacent each 
plunger unit 44 will be set into vertical oscilla 
tion, and that the flexible diaphram 46 func 
tions With Or as a part of the plunger by OScillat 
ing accordingly. On each downward movement 
of the body 45 and diaphragm 46 occurring with 
an acceleration greater than gravity, fluid. Within 
the pump tubing below the diaphragm is caused 
to flow inwardly through passageway 5i and up 
Wardly past the valve ball 48; and on each up 
stroke of the body 45 and diaphragm 46, the 
Valve ball 48 seats, and liquid is propelled in an 
upward direction by the diaphragm 46 and the 
vertically projected area of the body 45 and ball 
48 operating against the fluid column. 
The reciprocable plunger unit shown in Figures 

5 to 7 incorporates within its own structure the 
entirety of the fluid impelling and check valve 
functions. In this instance, the sucker rod string 
29 is screwed into cylinder plunger body 54, 
which is of a diameter to fit slidably within the 
pump tubing. Within a central region of the 
plunger body is a valve chamber 55, and extend 
ing downwardly from the lower surface of this 
chamber are a plurality of passageways 56 lead 
ing to annular chamber 57, there being a plural 
ity of fluid entrance passageways 58 extending 
upwardly into chamber 5 around the outside 
of the screw threaded Sucker rod Socket 59 formed 
in the bottom of the plunger body. Walve balls 
60 in chamber 55 seat at the upper ends of pas 
sages 56, and spacer pins 6 maintain them in 
proper position. A plurality of passageways 62 
extend upwardly from valve chamber 55 around 
the upper sucker rod socket, and open through 
the upper end of the body as shown. 
Assuming again vertical reciprocation of the 

end portion of rod 20 screwed into plunger 54 as 
a result of longitudinal deformation waves of 
compression and expansion transmitted down 
the sucker rod string from wave generator G, the 
body 54 will be rapidly reciprocated at the fre 
quency of operation of the wave generator, to 
pump fluid in an upward direction therethrough. 
On each down stroke fluid is displaced by the 
lower end area of the valve body 54 and caused 
to flow upwardly through passageways 58 and 55 
to enter the valve chamber 55, past the unseated 
balls 60, and on each up-stroke of the body 54, 
the increment of fluid thus pumped into chamber 
55 is elevated by the vertically projected area of 
the body and balls 60 which are effective against 
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the column of oil above, the valve balls 60, of 
course, seating at Such time. 

It will be evident that the check-valved plunger 
body 54, oscillated vertically by the longitudinal 
elastic deformation waves transmitted down the 
rod string, becomes both fluid impelling and 
check valve means. As in the case of Figure 4, 
the Valve assembly of Figures 5-7 may be used 
either at the lower end of the Sucker rod string, 
in which case the bottom socket 53 is not used, 
or a plurality of such units may be used in the 
rod string, preferably at spacings of one-half 
Wave length, in which case the lower Sucker rod 
sockets in all units but the lowermost are used. 
A form of the invention has now been disclosed 

Wherein the pump plunger is rapidly reciprocated 
through a small amplitude stroke by means of 
alternating longitudinal elastic deformation 
waves of compression and expansion transmitted 
-down a String of Sucker rods as the elastic column. 
In a further modification, the Sucker rod string 
may not only have longitudinal deformation 
waves thus transmitted down its length, but may 
also be slowly bodily reciprocated through a rela 
tively long pump stroke. Such an embodiment 
is disclosed in Figures 8 and 9, to which reference 
is now directed. In said figures, numeral 63 
designates generally a more or less conventional 
Counter-weighted Walking beam, which is piv 
otally mounted at 64 on a suitable supporting 
structure 65, the walking beam being oscillated 
in a vertical plane by means of the usual crank 
66 and connecting rod 67, driven in any conven 
tional manner. At the forward end of walking 
beam 63 is a head 68 having at its bottom a pro 
jecting ledge 69, and having demountably secured 
to its top a projecting plate 7), the ledge 69 and 
plate 9 being vertically perforated to receive a 
rod 7 that carries at its top end a Sonic vibrator 
2 serving as a longitudinal Wave generator. This 
generator may be of the general type disclosed 
in Figure 2, being understood to have within its 
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housing a pair of spur gears, the shaft 73 of one 
of said gears being provided with pulley 74 
driven by belt 75 from electric motor 76 mount 
ed on walking beam 63, preferably immediately 
over supporting structure 65. Shaft 3, and the 
shaft 77 carrying the other spur gear of generator 
2, are provided with unbalanced weights 8, like 

those described in connection with the generator 
of Figure 2. 
Rod , which is vertically reciprocable in mem 

bers 69 and 7), has midway between said men 
bers a head or flange 9, and a pair of coil com 
pression springs 80 and 8 encircle rod 7 between 
said head 79 and the members 69 and 70, re 
Spectively. 
The lower end of rod 7 is connected to the 

upper end of the polished rod 32 of the Well 
through any conventional means such as indi 
cated at 83, said means including a horizontal 
pivot joint at 84 to permit the rocking action of 
the walking beam. 

Polished rod 82 extends downwardly through 
stuffing box 85 into pump tubing 86 suspended 
inside casing 87, a pump plunger 88 of any Suit 
able character being connected to the lower end 
of the elastic sucker rod string 89 suspended from 
polished rod 82. The column of oil in the tubing 
is delivered by way of flow pipe 89a. The plunger 
88 might be of the usual ball check-Valve char 
acter known in conventional well pumps employ 
ing sucker rods, or it might be of the type dis 
closed in Figures 5 to 7, or any other suited to 
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the purpose. A standing valve 88b is shown in 
the bottom of the pump tubing. 
The pump of Figures 8 and 9 might be operated 

With the walking beam stationary, in which case 
its operation is similar to that described in con 
nection. With Figures 1 to 7, the standing valve 
88b being in this instance unnecessary. The vi 
bration generator 2, operated at suitable speed, 
transmits longitudinal deformation waves of 
compression and expansion down the sucker rod 
string to the check-valved pump plunger 88, caus 
ing the latter to oscillate rapidly through a small 
amplitude, e.g., a fraction of an inch, such action 
being permitted by the Springs 80 and 8 which 
support the Sucker rod string and wave generator 
for vertical reciprocation relative to the walking 
beam. The Oscillating plunger functions as fluid 
impelling and check valve means, in accordance 
with principles already disclosed, and the fluid 
column is elevated accordingly. In addition to 
this action, the walking beam 63 may be slowly 
reciprocated So as to give the sucker rod string 
not only a rapid wave motion causing portions 
thereof to reciprocate rapidly in a vertical direc 
tion through an amplitude of the order of a frac 
tion of an inch, but also to have a slow vertical 
pumping stroke of the order of several feet. This 
long Stroke action of the rod string and connected 
plunger, in conjunction with the standing valve 
88b, will result in pumping in the manner of the 
conventional deep well plunger pump. When 
both types of movement of the sucker rod are 
used in combination, the result is additive. It 
should also be noted that pumping in accord 
ance with the principles of the present invention 
can be accomplished by a sufficiently rapid, low 
amplitude Oscillation of the walking beam 63. 
This would only require a shortening of the crank 
arm 66 So as to give a Small amplitude recipro 
cation to the upper end of the sucker rod string. 
In order to give the necessary wave pattern in 
the rod String by which the invention is charac 
terized, the walking beam will of course have to 
be oscillated or vibrated at a sonic frequency 
comparable to that at which the wave generator 
2 is otherwise driven. In other Words, the walk 

ing beam in this case becomes the sonic wave 
generator. It should also be noted that in such 
a version of the invention, the springs 80 and 8 
are no longer necessary, it being sufficient that 
the sucker rod string is suspended from the walk 
ing beam in the ordinary way. 

In Figures 10 and 12. are ShOWIn a further modi 
fication of the invention wherein the alternating 
longitudinal waves of compression and tension 
are transmitted down an elastic pump tubing 98, 
which in this instance has the dual functions of 
production tubing and elastic wave transmitting 
column, Mounted on the upper end of tubing 9 
is a Sonic wave generator G', and coupled to its 
lower end so as to form a downward extension 
thereof is a barrel 92 containing the pump 
proper. The generator G' may be of the same 
type as shown in connection with the previously 
described embodiments, but in this instance is 
mounted directly onto the upper end of the pump 
tubing. Thus, it has oppositely rotating spur 
gears 34' carrying eccentric weights 3' which 
balance out horizontal vibrations but which pro 
duce a Substantial Oscillatory force in a vertical 
direction, one of the gear shafts carrying a pulley 
38' driven through bet A' from electric motor 
39'. The pump tubing 90, understood as com 
posed of elastic material, as steel, is suspended 
in well bore 94 from platform 95, its lower end 
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reaching downwardly to the region of the liquid 
to be pumped from the well bore. Platform 95 is 
resiliently mounted on vertical coil springs 96 
standing on platform 97 which is in turn Sup 
ported on the ground surface. The well bore is 
lined with casing 98 having the usual perfora 
tions (not shown) opposite the oil bearing Strata. 
This casing has a head 99 suitably fitted or 
clamped to the pump tubing, and may be ar. 
ranged to permit a slight vertical oscillation of 
the pump tubing, or the pump tubing and the 
speed of the generator may be adjusted to estab 
lish a velocity node at the juncture of the pump 
tubing with the casing head, in which case there 
will be no relative movement of these parts. 
This would mean, of course, that the casing head 
would be located a quarter-wave length below 
the upper end of the tubing. 
Mounted for sliding reciprocation within barrel 

92 is a punp plunger 03, formed with a central 
fiuid passage 84 ext3nding Vertically there 
through, and equipped at the upper end of Said 
passage 83 with a check valve, here shown in the 
form of a valve ball 85 seating at the upper end 
of passageway 04, a suitable cage 86 for the 
ball 04 being provided on the upper end of plung 
er 03. Plunger 93 is mounted between a pair 
of opposed coil springs G7 and 89, the former 
of which seats upwardly against a centrally per 
forated flange 109 formed in the upper end of 
barrel 92, and the latter of which seats against 
a flange 0 on a ring screwed into the lower 
end of barrel 92, fiange i being centrally per 
forated as indicated at 2. The port if 3 in 
filange i 69 and the port i 2 in fange ) may 
preferably be controlled by check valves f4 and 

5, respectively, though such valves are not es 
sential to operation of the pump. 

Opperation of the pump will first be considered 
without the valves if A and 5, the ports 2 and 
i3 being assumed to be open. First assume that 

the mass of the plunger or piston f63 and the 
stiffness of springs 57 and 38 are tuned to a 
much lower frequency than the frequency of the 
longitudinal waves transmitted down the pump 
tubing to the barrel 32. That is to say, the nat 
ural resonant frequency of the plunger 3 mount 
ed between the springs 3 and 38, is to be as 
sumed as much lower than that of the waves in 
the pump tubing. It will of course be under 
stood that the greater the mass of the plunger 
03, and the less the stiffness of the Springs 

and 08, the lower will be the resonant oscilla 
tion frequency of the plunger 3; and with this 
understanding, the resonant frequency of the 
plunger 3 may readily be made less than that 
of the Waves transmitted down the pump tubing. 
In this situation, the longitudinal waves trans 
mitted down the pump tubing will rESilt in vêr 
tical oscillation of the barrel 92 at the frequency 
of the wave generator coupled to the pump tub 
ing, while the plunger 33 will stand substan 
tially stationary in space. On each upstroke of 
the barrel 92 relative to the plunger 3, an in 
crement of well fluid displaced by the wall or 
flange í í f (functioning as an oscillatory fiuid dis 
placing membel') is forced upwardly through the 
paSSage 04 in plunger 33 and past the valve 
ball 05. On the succeeding down stroke of the 
barrel 2, occurring with an acceleration greater 
than gravity, the valve ball 05 seats, and a void 
is created in the space between the plunger 3 
and the wall 0, causing infow of well fluid into 
Said-space by way of the port - f2. It will be seen 
that the result of reciprocating the pump tubing 

0. 

s 

20 

25 

30 

3 5 

60 

65 

O 

8 
and the barrel 92 connected to its lower end arid 
is to impel successive increments of Well fluid 
through the plunger member 03, elevating the oil 
column above accordingly. If the valve 5 is 
employed, additional well fluid is forced upward 
ly through the plunger 83 on each upstroke of 
the barrel 92 owing to the impossibility of Some 
fluid escaping via port 2. Pumping also re 
sults from the fluid displacing action of the Wall 

0, in combination with the valve 5 since this 
combination, connected to the lower end of the 
barrel 92, will be recognized to be a pump of the 
character described in connection with Figures 1 
and 2 of my aforesaid application Serial No. 
76.1456. . . . - • • • • • • r 

Substantial improvement in the pumping rate 
is achieved by adjusting the mass of the plunger 
i03 relative to the stiffness of the springs to 7 and 
f08 in a manner to tune the system to approxi 
mately the same frequency as the wave motion in 
the pump tubing. Reciprocation of the pump 
tubing and barrel 92 will then result in vertical 
oscillation of plunger i03 at the same frequency 
and in step with the barrel 92, but at increased 
amplitude. In other words, plunger 03 moves 
up and down with barrel 92, but with an ampli 
tude which may be a number of times that of the 
oscillation of the barrel 92. Operation in this 
mode may first be considered with valves 4 and 
it 5 disregarded. On each downstroke of plunger 
f03, occurring with an acceleration greater than 
gravity, well fluid will be displaced thereby and 
forced upwardly through passage 94 and past 
valve 05. On each upstroke of plunger 03, valve 
ball 05 seats, and the column of oil is elevated. 
Use of valve 5 increases the fluid that will be forced upwardly through plunger passage. O4 on 
each downstroke of the latter, since outflow by 
way of port 2 is prevented. Thus the pumping 
rate is increased. Use of the valve 4 is bene 
ficial, since the column of oil above is prevented 
from descending with each downstroke of plunger 
103. The void so created between valve 4 and 
the plunger t03 on each downstroke of the latter 

is also helps in that the fluid flow upwardly through 
plunger f03 is increased because of the suction created immediately above it. . . . . . 

Several embodiments of the invention have 
now been disclosed all of which, however, are 
characterized by the fact that relative movement, 
occurs between the oscillatory plunger member 
and the pump barrel. My aforesaid parent appli 
cation Serial No. 761,456 contains generic claims broadly covering the subject matter of the pres 
ent application, while specific claims to the forms 
of my pump characterized by relative movement 
between the pump plunger and the pump barrel 
are confined to the present case. 

It will be understood that the embodiments 
selected for illustration herein are merely illus 
trative of and not restrictive on the invention, 
and that various changes in design, structure, 
and arrangement may be made without departing 
from the spirit and scope of the present invention 
or of the appended claims. 
I claimi: 
1. In a well pumping systém, the combi?atiö? 

of: a production tubing having a fluid inlet and 
an outlet for pumped fluid, said tubing being 
adapted for placement in the well with said fluid 
inlet in communication with well fluid therein, a 
check-valved fluid displacing plunger mounted 
within said tubing between the fluid inlet and 
fluid outlet thereof for relative reciprocation with 

5 respect to said tubing, an elastic column of 
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Solid material extending from the ground sur 
face to the region of said plunger, said column 
being adapted to transmit elastic deformation 
Waves of tension and compression longitudinally 
through the structure thereof, a sonic wave gen 
erator at the ground surface operatively con 
nected to Said elastic column and adapted to con 
tinuously transmit alternating waves of compres 
Sion and tension longitudinally down said elastic 
Column and thereby cause sonic frequency re 
ciprocation of the lower end of said column, said 
Sonic wave generator being operable at a speed 
Sufficient to generate longitudinal waves in the 
Structure of the column having a quarter-wave 
length which is no longer than substantially the 
length of the column, whereby the lower end of 
the column reciprocates longitudinally relative to 
other portions of said column, and means con 
nected to the lower end portions of said column 
for effecting relative longitudinal reciprocation 
of Said plunger and said tubing in response to 
Said longitudinal reciprocation of said lower end 
portion of said column. 

2. In a Well pumping system, the combination 
of: a production tubing having a fluid inlet and 
an outlet for pumped fluid, said tubing being 
adapted for placement in the well with said fluid 
inlet in communication with well fluid therein, a 
check-valved fluid displacing plunger mounted 
Within Said tubing between the fluid inlet and 
fluid outlet thereof for relative reciprocation with 
respect to Said tubing, an elastic column of solid 
material inside Said tubing adapted to transmit 
elastic deformation waves of tension and compres 
Sion longitudinally through the structure thereof, 
Said column having an operative connection at its 
lower end With Said plunger, a Sonic wave genera 
tor operatively connected to the upper end of said 
elastic column and adapted to continuously trans 
mit alternating Waves of compression and ten 
Sion down said elastic column in a manner to 
effect Sonic frequency reciprocation of the lower 
end of Said column and of said plunger within 
Said tubing, Said Sonic wave generator being op 
erable at a speed sufficient to generate longitu 
dinal Waves in the structure of the column hav 
ing a quarter-wave length which is no longer 
than Substantially the length of the column, 
whereby the lower end portion of said column 
and the plunger reciprocate longitudinally rela 
tively to other portions of said column and to 
said tubing. 

3. In a Well pumping System, the combination 
of: a production tubing having a fluid inlet and 
an outlet for pumped fluid, said tubing being 
adapted for placement in the well with said fluid 
inlet in communication with the well fluid there 
in, a check-valved fluid displacing plunger 
mounted within said tubing between the fluid in 
let and fluid outlet thereof for relative recipro 
cation. With respect to said tubing, a string of 
elastic Sucker rods inside said tubing connected to 
Said plunger and extending to the ground Sur 
face, said string of elastic Sucker rods being 
adapted to transmit elastic deformation waves of 
tension and compression longitudinally through 
the structure thereof, and a Sonic Wave gen 
erator connected to the upper end of said Sucker 
rod string and adapted to continuously transmit 
alternating Waves of compression and expansion 
longitudinally down said elastic rod string, said 
Sonic wave generator being operable at a Speed 
sufficient to generate longitudinal waves of com 
pression and tension in the structure of the 
sucker rod string having a quarter-wave length 

10 
which is no longer than substantially the length 
of Said string, thereby causing Sonic frequency 
reciprocation of the lower end of said rod string 
relative to other portions thereof, and conse 
Quent reciprocation of the said plunger relative 
to said pump tubing. 

4. A pumping System as defined in claim 3, 
including also resilient mounting means sup 
porting the upper end portion of said rod string 
for Vertical Sonic frequency reciprocation. 

5. A pumping System as defined in claim 3, in 
cluding also means for reciprocating the rod 
String together with said Sonic generator through 
? pumping stroke which is relatively long and 
relatively slow compared with the sonic fre 
quency reciprocation of the said lower end portion 
of the rod string. 

6. In a well pumping system, the combination 
of: a pump tubing, a check-valved fluid displac 

20 ing plunger mounted for relative reciprocation 
within and with respect to said pump tubing, a 
String of elastic sucker rods connected to said 
plunger and extending to the ground surface, 
means for reciprocating said rod string through 

25 a. normal pumping stroke at normal pumping 
frequency, and a sonic wave generator operatively 
connected to the upper end of said Sucker rod 
String and adapted to continuously transmit lon 
gitudinally down the normally reciprocating rod 

30 String alternating waves of compression and ex 
pansion whereby to cause relatively small ampli 
tude Sonic frequency reciprocation to be super 
imposed on the normal reciprocation of the lower 
end of the rod String and plunger. 

85 7. In a well pumping system, the combination 
of: a production tubing having a fluid inlet and 
an outlet for pumped fluid, said tubing being 
adapted for placement in the well with said inlet 
in communication with well fluid therein, a 

40 check-valved fluid displacing plunger mounted 
within said tubing between the fluid inlet and 
fluid outlet thereof for relative reciprocation with 
respect to said tubing, an elastic column of solid 
material extending from the ground Surface to 

if the region of said plunger, said column being 
adapted to transmit elastic deformation waves of 
tension and compression longitudinally through 
the structure thereof, and a Sonic Wave generator 
at the ground Surface operatively connected to 

50 said elastic column and adapted to continuously 
transmit alternating Waves of compression and 
tension longitudinally down said elastic column 
and thereby cause Sonic frequency reciprocation 
of the lower end of said column, Said Sonic wave 

55 generator being operable at a speed sufficient to 
generate longitudinal waves in the structure of 
the column having a quarter-wave length which 
is no longer than Substantially the length of the 
column, whereby the lower end of the column re 

;) ciprocates longitudinally relative to other por 
tions of Said column and to Said plunger. 

ALBERT G. BODINE, JR. 

5 

() 

REFERENCES CITED 
The following references are of record in the 

file of this patent: 
UNITED STATES PATENTS 

35 

Number Name Date 
70 2,056,513 Gambarini ---------- Oct. 6, 1936 

2,444,912 Bodine, Jr. ---------- July 13, 1948 
FOREIGN PATENTS 

Number Country Date 
75 146,436 Great Britain ------ Nov. 25, 1920 


