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My invention relates in general to apparatus 
for pumping ?uids from wells and, more par 
ticularly, to an apparatus “which includes -a re 
ciprocating pump of the ?uid operated type, a 
primary object of the invention being to provide 
an apparatus of this character having means as 
sociated therewith for absorbing ?uid pressure 
variations which may impose hydraulic shock 
loads on the system. 

Fluid operated pumps are used extensively in 
the oil industry for pumping oil from wells and 
are well known in the art so that a detailed de 
scription thereof herein is unnecessary, an ex 
ample of such a pump being disclosed in my 
Patent No. 2,134,174, issued October 25, 1938. 
Brie?y, such a ?uid operated pump comprises a 
motor section and a pump section and is set in 
the well at the level from which oil is to be 
pumped. A power tubing for conveying operating 
?uid under pressure to the pump and a production 
tubing for conveying oil and other ?uids dis 
charged by the pump to the surface are connected 
to the motor and pump sections, respectively. 
The operating ?uid is usually clean crude oil and 
will be referred to hereinafter as the power oil. 
For convenience, the combination of ?uids 
pumped, which may include oil, water, etc., will 
be referred to hereinafter as the production ?uid. 
The motor section of the pump includes a 

cylinder having a piston therein and includes a 
suitable engine valve mechanism for admitting 
the power oil alternately to opposite ends of the 
motor cylinder so as to reciprocate the motor 
piston. The pump section includes a cylinder 
having a piston therein which is connected to the 
motor piston so that the reciprocatory motion of 
the motor piston is communicated to the pump 
piston. The latter draws ?uid from the well and 
discharges it into the production tubing through 
suitable intake and exhaust valve mechanisms. 
Fluid operated pumps normally used in the oil 
industry are of the double acting type so that as 
well ?uid is drawn into one end of the pump 
cylinder during a given stroke of the pump piston, 
well ?uid drawn into the opposite end thereof 
during the preceding stroke is simultaneously dis 
charged into the production tubing. 
In order to prevent excessive wear and possible 

breakage of the various parts of a pump of this 
type, and in order to prevent possible damage to 
other components of the installation in which the 
pump is incorporated, it is essential to minimize 

- any shock loads which may originate in the pump, 
the provision of an apparatus for absorbing such 
shock loads being the primary object of the pres 
ent invention. Shock loads may be developed in 
the pump under various conditions of operation, 
one of these being the condition resulting when 
the load on the pump piston decreases suddenly 
due, for example, to the presence of air or gas in 
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the pump cylinder. The ?uid entering the well 
casing from an adjacent oil producing formation 
may contain considerable quantities of natural 
gas, the amounts present depending upon the 
amounts present in the formation and depending 
upon prevailing conditions of pressure, tempera 
ture, etc. Sudden deccreases in the load on the 
pump piston may also result if the well is operated 
beyond its capacity so that air or gas is drawn into 
the pump cylinder as a result of the ?uid level 
being drawn below the pump inlet. In some in 
stances, the well casing may be connected to a 
vacuum line so that the pressure on the gas may 
be less than atmospheric. Also, in ?elds sub 
jected to partial vacuums, air may be drawn into 
the well casing if it is left open. 

Since the pump piston reduces the pressure in 
the pump cylinder below that prevailing in the 
well as it draws well ?uid into the pump cylinder, 
any gas present in thewell ?uid in solution or in 
suspension may be liberated in the pump cylinder 
with the result that a quantity of liquid sufficient 
only to partially ?ll the pump cylinder is drawn 
thereinto, the balance of the pump cylinder being 
?lled with gas. Similarly, the pump cylinder may 
be partially ?lled with air or gas at a low pres 
sure if the well is pumped beyond its capacity. 
Consequently, when the direction of movement of 
the pump piston is reversed, the pump piston acts 
only on the air or gas in the pump cylinder for 
at least a portion of the stroke. Since the air 
or gas is highly compressible, it offers but little 
resistance to movement of the pump piston so 
that the motor and pump pistons, being directly 
connected, may accelerate to an extremely high 
speed. In many instances, the speed attained 
by the pistons may greatly exceed their normal 
operating speed, the reason for this being that 
a considerable amount of potential energy is 
normally stored in the power oil supply system at 
the pressures usually employed because of the 
compressibility of the column of power oil in the 
power tubing and the expansibility of the power 
tubing. Such potential energy is released when 
the load on the pump piston decreases and may 
accelerate the motor and pump pistons to a speed 
far in excess of their normal operating speed. 
When the pump piston, moving at an abnor 

mally high speed, strikes liquid in the pump cyl- 
inder, severe shock loads are developed which may 
cause extensive damage to the pump in the form 
of excessive wear, scoring, seizing and even break 
age of parts. Moreover, pressure surges of con 
siderable magnitude may be produced in the 
power oil and production ?uid columns above 
the pump and may result in abnormal stressing 
of and possible damage to other components of 
the system. Also, if the well ?uid being pumped 
contains a large percentage of water, which is 
frequently the case, shock loads originating in the 
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pump may be particularly severe, the reason for 
this being that the compressibility of water is 
less than that of crude oil. Conseouentlv, when 
water is present, the. compressibility of the pro 
duction ?uid column above the pump is material 
1y reduced, as compared to the compressibility of 
a production ?uid column consisting of relatively 
pure crude oil. or a mixture of crude oil and gas, 
so that the amount of energy which it is capable 
oi’ absorbing is materially decreased. Also, if 
air is drawn into the pump under shock loading 
conditions with water present. both mechanical 
failure and corrosion are greatly accelerated for 
two reasons: ?rst the presence of oxygen reduces 
the fatigue strength of the material; and. second, 
the high stresses produced by shock loads increase 
the chemical action at points of maximum stress. 
A governor located in close proximity to the 

pump may be employed to reduce the rate of ?ow 
of power oil to the motor section of the pump in 
response to decreases in the load on the pump 
piston so as to reduce the piston speed which 
would otherwise be attained, an example of such 
a governor beingr disclosed in my Patent No. 
2,311,157. issued February 16, 1943. However, due 
to the fact that such a governor tends to operate 
only after the condition which results in accel 
eration of the motor and pump pistons has al 
ready developed, there may be some lag in its 
operation. Consequently, even if a governor is 
employed, shock loads of undesirably large mag 
nitude may be produced, although such shock 
loads are, of course, greatly reduced as a result 
of the use of the governor. 
Even when a ?uid operated pump of the type 

disclosed in my Patent No. 2,134.1'74, for example, 
is operating under normal conditions, i. e., when 
little or no gas or air is present in the well ?uid 
being pumped, pressure pulsations are produced 
in both the power oil and the production ?uid 
columns due to the fact that the motor and pump 
pistons stop momentarily at the ends of their 
stroke. This results in an increase in the pressure 
of the power oil and a decrease in the pressure of 
the production fluid. The amount of dwell at the 
ends of the stroke may be controlled with an, 
engine valve of the type disclosed in my Patent 
No. 2,134,174, it being desirable to have su?icient 
dwell to allow time for the pump valves to seat. 
If the time allowed for the pump valves to seat 
is too great, excessive pressure pulsations in both 
the power oil and production ?uid columns result, 
and, ii’ the time allowed is too small. serious pres 
sure pulsations in the production ?uid column re 
sult. It is impractical and, in many instances, im 
possible to eliminate such pressure pulsations by 
regulating the time allowed for the pump valves 
to seat. Although the magnitude of such pres 
sure pulsations is small when the pump is oper 
ated at moderate speeds and when the pump cyl 
inder ?lls properly, such pressure pulsations may 
be sumciently large to cause serious di?iculties at 
high pump speeds. Severe stresses may be de 
veloped in various components of the installation 
by the pulsations ii’ the frequency of the recipro 
catory motion of the motor and pump pistons co 
incides with either the natural frequency of oscil 
lation or one of the harmonics of either the power 
oil or the production ?uid columns above the 
pump, i. e., if the frequency of the pressure pul 
sations developed in the columns as a result of the 
reciprocatory motion of the motor and pump pis 
tons coincides with either the natural frequency 
or one oi’ the harmonics of one of the columns. 
These columns are only moderately damped so 

4 
‘that standing pressure wave; of a magnitude 
sumcient to develop abnormal stresses in various 
components of the installation may be produced 
under such resonant operating conditions. 

5 Since the natural frequencies of the power oil 
and production ?uid columns are usually relative 
ly low as compared to the frequency of reciproca 
tion of the motor and pump pistons during nor 
mal operation, it is usually possible to avoid op 
erating the pump in phase with the natural fre 
quencies of the columns. However, it is virtually 
impossible to select an operating speed for the 
pump which avoids both the natural frequencies 
of the power oil and production ?uid columns and 
all of the harmonics thereof due to the fact that 
the intervals between the natural frequencies and 
the ?rst harmonics and the intervals between 
harmonics are relatively small. Another factor 
which makes it di?lcult to avoid both the natural 
frequency and all of the harmonics of the pro 
duction ?uid column in particular is that the nat= 
ural frequency of this column varies with varia= 
tions in the proportions of gas, oil and water in 
the production ?uid. Consequently, since reso 

- nant operating conditions cannot be avoided 
readily by a selection of a suitable operating 
speed for the pump, it is desirable to reduce the 
magnitude of the pressure surges resulting from 
the reciprocatory nature of the operation of the 
pump so as to avoid producing standing pressure 
waves of excessive magnitude, the provision of 
an apparatus capable of absorbing such pressure 
surges being an important object of the present 
invention. I 

In fluid operated pump installations of the type 
under consideration, the power oil and produc 
tion ?uid columns are semiclosed systems and do 
not communicate with each other freely in both 
directions because the ?uid operated pump is in 
terposed between them, the direction and amount 
of communication possible depending upon the 
positions of the engine and pump valves. With 
closed columns each terminating in a valve, seri 
ous “water hammer” may result from sudden 

: closing of the valves with high ?uid velocities. In 
all cases of normal operation and some cases of 
shock resulting from malfunctioning of the pump 
valves or improper ?lling of the pump cylinder, 
the pressure surges in the two columns are out Of 

50 phase and may be cancelled out or greatly re= 
duccd by balancing the two columns against each 

' other, which is another important object of my 
invention. 
More speci?cally, an object is to provide a shoal: 

absorber which includes a movable ?uid separat 
ing means, such as a piston, having opposed ?rst 
and second surfaces which are exposed to the 
?uid pressures obtaining in the power tubing and 
the production tubing, respectively. With this 
construction, an increase in the pressure of the 
?uid in one of the tubings results in movement of 
the piston, or other ?uid separating means, so 
that the ?uid in the other tubing is compressed, 
whereby the energy producing such movement 
of the piston is absorbed. 
Another object is to provide a shock absorber 

of the foregoing character wherein the piston is 
provided with a third surface which is exposed 
to a different ?uid pressure, the ?uid acting on 

70 the third surface of the piston, which ?uid is re 
ferred to hereinafter as the third or shock ab“ 
sorbing ?uid, being con?ned so that it is com 
pressed during movement of the piston in one 
direction and thus absorbs the energy producing 

75 such movement of the piston. 
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My invention utilizes the principle that the 
amount of energy absorbed by a liquid as it is 
compressed is a function of the pressure of the 
liquid, an important object of the invention being 
to provide a shock absorber wherein the third or 
shock absorbing ?uid is a liquid maintained at a 
very high pressure. 
Another important object is to provide a shock 

absorber which includes pumping means for 
maintaining the pressure of the shock absorbing 
liquid at the desired value. A related object is 

, to provide a pumping means which is carried by 
the shock absorber piston. Still another object 
in this connection is to provide such a pumping 
means which is ?uid operated and which commu 
nicates with one end of the motor cylinder of the 
?uid operated pump so that as power oil is pe 
riodically admitted into said one end of the mo 
tor cylinder to operate the pump, it also operates 
the pumping means carreid by the shock absorber 
piston. 
Other objects of the invention are to provide 

a shock absorber which may be connected di 
rectly to a pump with which it is to be used so 
that the piston therein may be exposed to the ?uid 
pressures obtaining in the power tubing and the 
production tubing at points in close proximity to 
the pump, whereby pressure surges originating 
in- the pump are absorbed substantially instan 
taneously, and to provide a compact device which 
occupies a minimum of space in a well. 
The foregoing objects of my invention and the 

advantages suggested thereby, together with var 
ious other objects and advantages which will be 
come apparent, may be attained through the em 
ployment of the exemplary embodiment which is 
illustrated in the accompanying drawings and 
which is described in detail hereinafter. Refer 
ring to the drawings: > 

Fig. 1 is a vertical sectional view illustrating a 
pumping installation which embodies the inven 
tion as installed in a well; > 

Fig. 2 is an enlarged, vertical sectional vie 
taken along the broken line 2—2 of Fig. 1 and 
showing an upper portion of a shock absorber of 
the invention; 

Fig. 3 is an enlarged, vertical sectional view 
taken along the broken line 3-3 of Fig. 1v and 
showing an intermediate portion of the shock 
absorber, Fig. 3 being a downward extension of 
Fig. 2; 

Fig. 4 is an enlarged, vertical sectional view 
taken along the broken line 4—4 of Fig. 1 and 
showing another intermediate portion of the shock 
absorber, Fig. 4 being a downward extension of 
Fig. 3; 

.Fig. 5 is an enlarged, vertical sectional view 
taken along the broken line 5—-5 of Fig. 1 and 
showing the lower portion of the shock absorber 
connected to an upper portion of a ?uid operated 
pump, Fig. 5 being a downward extension of Fig. 4; 

Fig. 6 is a transverse sectional view taken along 
the broken line 6-6 of Fig. 2; 

Fig. '7 is a transverse sectional view taken along 
the broken line ‘i—‘i of Fig. 3; . 

Fig. 8 is a transverse sectional view taken along 
the broken line 8—-8 of Fig. 5; and 

Fig. 9 is a graph illustrating the operation of 
the shock absorber. 

Referring particularly to Fig. 1 of the drawing, 
I show a well casing II] which extends downwardly 
from a casing head i i into an oil producing forma 
tion I2 of a well, the lower end of the casing being 
provided with perforations [3 through which well 
?uid, i. e., oil, water, gas, etc., from the oil pro 
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production tubing I4 is suspended from a tubing 
head l5 which forms an intermediate part of the 
casinghead H and extends downwardly through 
the casing l0 into a body I6 of well fluid in the 
lower portion thereof. The lower end of the pro 
duction tubing I4 is equipped with a pump seat 
I‘! which is adapted to receive and support the 
inlet end iii of a ?uid operated pump l9. A power 
tubing 20 for conveying power oil to the pump 
i9 is suspended from a cap member 2i of the 
tubing head i5 and extends downwardly through 
the production tubing Hi. In the particular con 
struction illustrated in the drawings, the power 
tubing 20 is connected to the pump is through a 
shock absorber or cushioning device of the in 
vention which is indicated generally by the num 
eral 22 and is described in detail hereinafter. 
The ?uid operated pump i9 per se forms no 

part of the present invention and is not shown 
in complete detail in the drawings. The pump 
ill may, for example, be of the type disclosed 
in my aforesaid Patent No. 2,134,174, or may be 
of any other suitable type, as is well known in 
the art. As best shown in Fig. 1 of the drawings, 
the pump it includes, in general, an engine or 
motor piston 26 which is reciprocable in a motor 
cylinder 21, and includes a pump piston 28 which 
is reciprocable in a pump cylinder 29, the two pis 
tons being directly connected by a rod ‘30. Con 
nected to and extending upwardly from the 
motor piston 26 is a pilot rod 3i, and connected 
to and extending downwardly from the pump pis 
ton 28 is a lower rod 32. As best shown in Fig. 
5 of the drawings, the pump 19 is provided with 
a valve chamber 35 therein which communicates 
with the interior of the shock absorber 22, the lat 
ter being adapted to convey power oil from the 
power tubing 20 to the valve chamber in a manner 
to be discussed in more detail hereinafter. The 
pump is is provided with a pair of passages, in 
dicated generally by the numerals 31 and 38, 
which respectively connect the valve chamber 35 
to the upper and lower ends of the motor cylinder 
21, each of the passages 31 and 38 preferably 
comprising a plurality of individual passages only 
one of which is shown in the drawings. The 
pump i9 is also provided with a discharge pas 
sage 39 which leads from the valve chamber 35 
to the exterior of the- pump and communicates 
with the interior of the production tubing M, 
the passage 39 also preferably comprising a plu 
rality of individual passages. ,Slidably disposed 
in the valve chamber 35 is an engine valve 40 
of the piston type which is adapted to admit 
power oil alternately into opposite ends of the 
motor cylinder 21 through the passages 31 and 
38, and which is adapted to connect opposite 
ends of the motor cylinder alternately to the 
discharge passage 39 leading to the production 
tubing 114. As will be apparent, when the piston 
valve 40, which is shown more or less diagram 
matically, is in the position shown in Fig. 5 of 
the drawings, it admits power oil to the lower end 
of the motor cylinder 21 through the passage 38 
and connects the upper end thereof to the dis 
charge passage 39, the piston valve being adapted 
to move downwardly to a position (not shown) 
wherein it admits power oil into the upper end 
of the motor cylinder through the passage 31 and 
connects the lower end thereof to the discharge 
passage. 
The foregoing discussion of the engine valve 

mechanism for controlling admission of the power 
oil to and discharge thereof from the motor 
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cylinder 21 is intended merely as a general doc 
scription of its structure and operation since. 
per se, it forms no part of the present inven“ 
tion. For a detailed description of the structure 
and operation oi! a suitable engine valve mech 
anism, reference is made to my aforesaid Patent 
No. 2,134,174. 
The general operation of the pump is is well 

known in the art, being described in detail in 
my Patent No. 2,134,174, and needs be described 
only brie?y herein. The powed oil, which is pref 
erably clean crude oil, is delivered under pressure 
to the casing head Ii through a supply pipe 4| 
and flows downwardly through the power tubing 
20 to the pump l9, the power oil ?owing through 
the shock absorber 22 as will be discussed in more 
detail hereinafter. The power oil is admitted al 
ternately into opposite ends or the motor cylinder 
21 by the previously discussed engine valve mech 
anism so as to reciprocate the motor piston 2|, 
the reciprocatory motion of the motor piston 
being communicated to the pump piston 28 by 
the intermediate rod 30. Well ?uid from the 
body I6 is introduced alternately into opposite 
ends of the pump cylinder 29 by a suitable pump 
valve mechanism (not shown) and is discharged 
into the production tubing It as production ?uid 
by the pump piston 28, the production ?uid 
subsequently ?owing upwardly through the pro 
duction tubing to the surface. The production 
?uid flows from the production tubing l4 into 
a discharge pipe 42 which may lead to a point 
of use or storage. 7 

With the foregoing general description of the 
structure and operation of an installation in 
which my shock absorber 22 may be incorporated 
in mind, the shock absorber itself will now be 
considered. In general, the device includes a 
movable ?uid separating means which is exem 
pli?ed as a piston 43, shown in Fig. 3. and which 
is reciprocable vertically in a cylinder 44, the 
lower end of this cylinder being adapted to re 
ceive power oil at operating pressure therein, and 
the upper end of this cylinder being adapted to 
receive production ?uid therein. The shock ab 
sorber piston 63 is provided with a surface 4'17, 
shown in Fig. 2, which is adapted to be exposed 
to a ?uid pressure greatly exceeding the pressures 
of the power oil and production ?uid, the ?uid 
acting on this surface of the piston being a liquid 
which is con?ned in a chamber d8 in the particu» 
lar construction illustrated. ' The shock absorber 
22 also includes ?uid operated pumping means 
49, shown in Fig. 3, carried by the piston 33 for 
maintaining the pressure and vole oi’ the liquid 
in the chamber its at the desired value, the pp~ 
ing means d9 being operated by the power oil 
periodically admitted into one end of the motor 
cylinder 21! as will be discussed in more detail 
hereinafter. 

Considering the shock absorber 22 in more de 
tail with particular reference to hide. 2 to 5 of 
the drawings, it includes a housing which is 
formed in three sections (50, 52 and 53 for con 
venience in manufacture, the three sections of 
the housing being tubes arranged end-to-end in 
the particular construction illustrated. The up— 
per-most tube it is threadedly connected at its 
upper end to a ?tting as which, in turn, is 
threadedly connected to the lower end of the 
power tubing 2d, the ?tting lid being provided 
with a passage 55 therethrough to admit power 
oil into the tube Eli. The tubes bi and 52 are 
threadedly connected by a ?tting 56 and the 
tubes 52 and 58 are ‘ ariy connected by a die 
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ting 57. the tube 53 being threadedly connected 
at its lower end to a ?tting 58 which, in turn, is 
threadedly connected to the upper end 01' the 
pump is. As best shown in Figs. 2, 3 and 8 of 
the drawings, the ?tting 5B connecting the tubes 
BI and 52 is provided with a plurality of longi 
tudinal passages 6| therethrough which conduct 
power oil from the tube 5| to the tube 52, and 
is provided with a depending tubular extension 
82 which is spaced from the inner wall or the 
tube 52 to provide an annular passage 83 for the 
power oil. The ?tting 51 connecting the tubes 
52 and 53 is provided with an upwardly directed 
tubular extension 64 which is inserted into the 
lower end of the tubular extension 62 o! the 
?tting 58 and which is spaced from the inner wali 
of the tube 52 to provide an annular passage It 
for the power oil, the fitting 51 being provided 
with a plurality of longitudinal passages lit 
through which the power oil may flow from the 
annular passage 85 into the tube 53. The ?tting 
58 connecting the tube 53 to the pump it re 
ceives an insert 10 having a frusto-conical seat 
1! which engages a frusto-conical surface 12 at 
the upper end of the pump, the insert ‘I0 being 
provided with an annular shoulder 13 which is 
adapted to seat against an annular shoulder ‘H on 
the fitting 58 to prevent upward movement of 
the insert. Rotation of this insert is prevented 
by key-like projections 15 thereon which are dis 
posed in complementary keyways 16 in the fitting 
58. The insert ‘i0 is provided with an opening 
therethrough which receives‘ the pilot rod 3!, the 
diameter of this opening being greater than that 
of the pilot rod so as to provide an annular pas 
sage " communicating at one end with the in: 
terior of the tube 53 and at its other end with 
the valve chamber 35 in the pump 69. With the 
foregoing construction, it will be apparent that 
the power oil may ?ow from the power tubing 20 
to the valve chamber 35 by way of the passage 
5% through the ?tting 54, the tube 55, the pas 
sages 6i through the ?tting 56, the annular 
passages 83 and 65 around the tubular exten 
sions 62 and 8d of the ?ttings 58 and 5?, the 
passages 66 through the ?tting 51, the tube 63, 
and the annular passage ll through the insert 70. 
From the valve chamber 35, the power oil is ad 
mitted alternately into opposite ends of the motor 
cylinder 2‘? by the engine valve it in the manner 
previously discussed. 

Referring particularly to Figs. 2 and 3 or the 
drawings, the depending tubular extension 62 of 
the ?tting 5% forms the previously mentioned cyi 
‘inder N for the shock absorber piston $3, the 
cylinder as being closed at its lower end by the 
upper end of the tubular extension 63 of the 
?tting 5i, and being closed at its upper end by a 
tubular ?tting ‘:18 threaded into the upper end 
thereof. In the particular construction illus 
trated in the drawings, the chamber 48 for the 
liquid which acts on the surface d7] of the pmton 
83 has a bottle-like con?guration and is provided 
with a neck 80 which is threaded into the upper 
end of the tubular ?tting ‘I8. 
As best shown in Figs. 2 and 6 of the drawings. 

a plurality of radial passages an in the ?tting 56 
provide fluid communication between the produc 
tion tubing M and the upper end of the cylinder 
44 so that the pressure of the production ?uid 
tends to move the piston 43 downwardly, and, as 
best shown in Fig. 3 of the drawings, a plurality 
of radial passages 82 in the tubular extension 62 
of the ?tting 56 provide ?uid communication be 
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tween the annular passages 63 for the power oil 
and the lower end of the cylinder 44 so that the 
pressure of the power oil tends to move the piston 
upwardly. ‘ 

Referring particularly to Figs. 2 and 3 of the 
drawings, the surface 41 of_ the shock absorber 
piston 43, which surface is exposed to the pres 
sure of the liquid in the chamber 48, is formed 
by the upper end of an upwardly extending, 
tubular stem 85 on the piston 43, the stem 85 
extending through the tubular ?tting 18 into the 
neck 88 of the bottle-like chamber 48 and being 
substantially sealed with respect to the ?ttinglB 
by packing 86. The piston 43 is provided at its 
upper and lower ends with conuterbores 81 and 
88 which are connected by an intermediate bore 
89, the counterbores 81 and 88 having threaded‘ 
thereinto and being closed ‘by tubular plugs 98 
and 9|, respectively. The stem 85 on'the piston 
43 extends through the tubular plug 98 and is 
provided with a head 92 thereon which is seated 
against the inner end of this plug. As will be 
discussed in more detail in the following para 
graphs, the ?uid operated pumping means 49 is 
disposed in the counterbore 81 and the bore 89 
in the shock absorber piston 43 and is adapted to 
deliver a liquid, preferably oil obtained from the 
power oil supply, into the chamber 48, through 
the tubular stem 85 so as to maintain the pres 
sure and volume of oil in the chamber 48 at the 
desired value. 4 

Considering the pumping means 49 in more 
detail, the bore 89 in the piston 43 serves as a 
cylinder for an auxiliary piston 95, the cylinder 
89 being closed at its upper end by an insert 95 
which is seated against a shoulder 91 formed 
at the junction of the cylinder 89 and the coun 
terbore 81, and being closed at its lower end by 
an insert 98 which is seated against a shoulder 
99 formed at the junction of the counterbore 88 
and the cylinder 89. The insert 98 is provided 
with a passage I88 therethrough which com 
municates with the interior of a downwardly ex 
tending tubular stem I8I on the piston 43, the 
stem I8I extending through the tubular plug 9| 
and being provided with a head I82 thereon 
which is seated against the outer end of the in 
sert 98 and the inner end of the plug SL The 
tubular stem I8I communicates with one end of 
the motor cylinder 21 in the pump I9 in a man 
ner about to be described so that the ?uid pres 
sure obtaining in such end of the motor cylinder 
also obtains in the lower end of the cylinder 89 
containing the auxiliary piston 95, the stem I8I 
communicating with the upper end of the motor 
cylinder in the particular construction illus 
trated although it may communicate with either 
end thereof. 
Referring particularly to Figs. 3 and 4 of the 

drawings, the tubular stem I8I extends down 
wardly into a sectional liner I84 in the tubular 
extension 64 of the ?tting 51. The liner I84 is 
provided with a plurality of longitudinal grooves 
I85 in its exterior surface, these grooves com 
municating with the interior of the liner at 
their lower ends through ports I86, and com 
municating with the interior of the liner at their 
upper ends through ports I81. The liner I84 in 
cludes a section I88 having an internal diameter 
which is greater than the external diameter of 
the tubular stem I8I so as to provide an annular 
space I89 which communicates with the ports 
I81 at the upper ends of the grooves I85. The 
tubular stem IN is provided with a plurality of 
radial passages II8 therein which are adapted 
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10 
to register with the annular space I89 to provide 
?uid communication between the interior of the 
tubular stem and the lower end of the liner I84 
by way of the ports I86, the grooves I85 and 
the ports I81. It will be noted that as the shock 
absorber piston 43 moves downwardly, the radial 
passages I II] in the tubular stem IUI move out of 
registry with the annular space I89 to prevent 
such nuid communication, the reason for this 
being discussed hereinafter. 
As best shown in Fig. 4 of the drawings, the 

?tting 51 is provided with a bore H2 at its lower 
end which communicates with the interior of 
the liner I84, a ?tting II3 being threaded into 

Connected to the ?tting H3 is 
the upper end of a conduit or tube II4 which is 
secured at its lower end to the insert 18 in the 
?tting 58 which connects the tube 53 of the shock 
absorber housing to the upper end of the pump 
I9. The tube H4 is provided with a coiled por 
tion I I5 intermediate its ends for convenience in 
assembling the shock absorber 22, the coiled por 
tion of the tube II4 tending to seat the shoulder 
13 on the insert ‘l8 against the complementary 
shoulder ‘I4 on the ?tting 58 during assembly, 
as will be discussed in more detail hereinafter. 
The tube I I4 communicates at its lower end with 
a passage IIB through the insert ‘I8, the passage 
III;~ communicating with a passage Ill in the 
pump I9 which, in turn, communicates with the 
passage 31 leading to the upper end of the motor 
cylinder 21 by way of the valve chamber 35 in 
the pump. It will be apparent that the ?uid 
pressure obtaining in the upper endof the motor 
cylinder 21 is thus communicated to the lower 
end of the cylinder 89 in the shock absorber pis 
ton 43 and is thus applied to the lower end I83 
of the auxiliary piston 95. 
The auxiliary piston 95 is provided with an 

upwardly directed stem I2I which extends 
through a bore I22 in the insert 96 into a coun 
terbore I23 therein, the stem making a tight ?t 
with the bore I22. This construction provides 
the auxiliary piston with an annular surface I24 
at its upper end which is equal in area to the 
diiference in the cross-sectional areas of the pis 
ton and the stem I2I. As best shown in Figs. 3 
and 7, the annular surface I24 is exposed to the 
pressure of the production ?uid by means of a 
plurality of passages I25 in the shock absorber 
piston 43 which communicate at their lower ends 
with the upper end of the cylinder 89 for the 
auxiliary piston 95 and which communicate at 
their upper ends with the upper end of the cylin 
der 44 for the piston 43. 

Referring particularly to Fig. 3 of the draw 
ings, the pumping means 49 includes check 
valves I33 and I34 interposed between the insert ‘ 
96 and the head 92 on the tubular stem 85, the 
check valve I33 being provided with a, passage 
I35 which terminates at one end in a seat I36 for 
a ball valve I31 and which communicates at its 
other end with an annular groove I38. The 
groove I38 registers with the upper ends of a plu 
rality of passages I39 in the shock absorber piston 
43, as best shown in Figs. 3 and '7 of the drawings. 
The passages I39 communicate at their lower 
ends with the lower end of the cylinder 44 so that 
power oil may ?ow from the lower end of the 
cylinder 44 to the check valve I33. The latter is 
provided with a passage I42 which terminates at 
one end in the seat I36 for the ball valve I31 and 
which communicates at its other end with a pas 
sage I43 in the check valve I34, the passage I43 
terminating in a seat I44 for a ball valve I45. 
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From the seat I44, a passage I48 extends through 
the check valve I34 and communicates with the 
lower end of the tubular stem 85. The check 
valve I33 is provided with another passage I41 
which communicates at one end with the passage 
I42 therein and which communicates at its other 
end with the counterbore I23 in the insert 96. It 
will be noted that the head 92 and the body of 
the check valve I33 are respectively provided with 
milled slots I48 and I49 therein at the upper ends 
of the passages I46 and I42, respectively, the 
widths of these slots being less than the diameters 
of the ball valves I45 and I31 to prevent seating 
of the ball valves at the upper ends of the pas 
sages mentioned. 
The foregoing completes the description of the 

structure of the shock absorber 22 and the instal 
lation in which it is incorporated, and the opera 
tion of the shock absorber will now be considered, 
the operation of the pumping means 49 being 
considered ?rst for convenience. It will be ap 
parent that the upper end of the stem I2I on the 
auxiliary piston 95 is always exposed to a ?uid 
pressure at least equal to the power oil pressure 
due to the fact that the ball valve I3‘! is arranged 
to be lifted o? its seat I38 by the pressure of the 
power oil in the passage I35 in the check valve 
I33, the passage I35 communicating with the 
lower end of the shock absorber cylinder 44 
through the annular groove I38 and the passages 
I 39 as previously discussed. The annular surface 
I24 at the upper end of the auxiliary piston 95 is 
always exposed to the production ?uid pressure 
through the passages I25 connecting the upper 
end of the cylinder 89 to the upper end of the 
cylinder 413. Thus, the auxiliary piston 95 is 
always subjected to a downward force which is 
equal to the product of the area of the annular 
surface I24 and the production ?uid pressure plus 
the product of the area of the upper end of the 
stem I2I and a ?uid pressure at least equal to the 
power oil pressure. 
As previously discussed, the lower end of the 

cylinder 89 for the auxiliary piston 95 communi 
cates with the upper end of the motor cylinder 
21 in the pump It so that the same fluid pressure 
obtains in the lower end of the cylinder 89 as 
obtains in the upper end of the motor cylinder, 
which ?uid pressure varies between the power oil 
pressure and the production ?uid pressure under 
the control of the engine valve 00. Thus, the 
auxiliary piston is subjected to an upward 
force which alternates between a value equal to 
the product of the cross-sectional area of the 
piston and the production ?uid pressure and a 
value equal to the product of the cross-sectional 
area of the piston 69 and the power oil pressure. 
Consequently, when the lower end I03 of the 
auxiliary piston 95 is exposed to the power oil 
pressure, the auxiliary piston will move upward= 
ly in its cylinder and when it is exposed to the 
production ?uid pressure, as shown in Fig. 5, 
the auxiliary piston will move downwardly in its 
cylinder. Since the pressure applied to the lower 
end I03 of the auxiliary piston alternates be= 
tween the power oil pressure and the production 
?uid pressure, a reciprocatory motion of the 
auxiliary piston results to pump oil from the 
power oil supply into the chamber (l0. 
Considering the manner in which the auxiliary 

piston 95 pumps oil into the chamber 98, it will 
be apparent that as the auxiliary piston moves 
downwardly, oil from the power oil supply ?ows - 
into the counterbore 02th; the insert 98 past the 
ball valve I371, ?ow from the chamber 48 iv 
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12 
downwardly movement of the auxiliary piston 
being prevented by the ball valve I45. During 
upward movement of the auxiliary piston 95, the 
stem I2I forces at least a part of the oil in the 
counterbore I23 past the ball valve I45 and into 
the chamber 48 through the tubular stem 85, 
?ow back into the passages leading to the lower 
end of the shock absorber cylinder 44 being pre 
vented during upward movement of the auxiliary 
piston by the ball valve I31. Thus, it will be ap 
parent that for each complete cycle of movement 
of the auxiliary piston 95, a quantity of oil from 
the power oil supply is introduced into the cham~= 
ber 48 to maintain the desired pressure and vol= 
ume therein, the quantity introduced being suie 
?cient to replace any oil escaping from the cham= 
her as by leakage past the packing 85 encircling 
the tubular stem 85. 

It will be understood that although the ?uid 
operating pumping means 49 is shown as adapted 
to pump oil from the power oil supply into the 
chamber 48, it may be designed to pump produc 
tion ?uid thereinto, or to pump ?uid from an in 
dependent source thereinto. However, I prefer 
to employ oil from the power oil supply as it is 
normally cleaner than the production oil. 
For reasons which will be discussed in more 

detail hereinafter, the pressure in the chamber 
48 is maintained at a high value, e. g., preferably 
at a value of the order of magnitude of from 
25,000 to 50,000 pounds per square inch. As will 
be apparent to those skilled in the art, any de= 
sired value for the pressure in the chamber 60 
may be attained by suitably relating the areas 
of the auxiliary piston 95 and the stem I2I there 
on to the power oil and production ?uid pres 
sures. For example, if the difference between 
the power oil and production ?uid pressures is 
1,250 pounds per square inch, a construction 
wherein the ratio of the area of the annular sure 
face I24 of the auxiliary piston 95 to the cross» 
sectional area of the stem I2I thereon is 2021 
will produce a pressure of approximately 25,000 
pounds per square inch in the chamber 48. In 
other words, the pumping means 49 will have an 
ampli?cation factor of twenty in this example. 

' Considering the over-all operation of the shock 
absorber 222, it will be apparent that the pressure 
of the power oil in the lower end of the cylinder 
Ml tends to move the shocir absorber piston 63 
upwardly while the pressure of the production 
?uid in the upper end of the cylinder 64 and the 
pressure of the oil in the chamber as tend to 
move the shock absorber piston downwardly. 
The piston 93 is balanced when normal operating 
conditions for the pump it) prevail, but, if the 
relative ?uid pressures obtaining in the produce 
tion and power tubings [Hi and 2a vary, the piston 
03 becomes unbalanced and moves either up~= 
wardly or downwardly in its cylinder MI, depend= 
ing upon the direction of unbalance. If, for e::-= 
ample, the unbalanced force acts upwardly, the 
energy producing the force is absorbed by conn 
pression of the oil in the chamber 48 and also 
by compression of; the production ?uid. Con= 
versely, if the unbalanced force acts downwardly, 
the energy producing same is absorbed by com 
pression of the power oil. Thus, variations in 
the relative ?uid premures obtaining in the pro= 
duction and power tubings I4 and 29 which might 
otherwise produce hydraulic shock loads having 
detrimental e?ects are absorbed. 
Such variations in the relative ?uid pressure 

may arise from various sources. For example, it 
air or gas is present in the pump cylinder 29, the 
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motor piston 26 and the pump piston 28 may, as 
previously discussed, accelerate to an excessive 
speed so that a pressure surge in the production 
tubing I4 may result when the pump piston 
strikes solid well ?uid. Also, pressure pulsations 
may be produced in the ?uids in the production 
tubing I4 and the power tubing 20 due to the 
reciproca-tory motion of the motor and pump 
pistons 26 and 28 as previously discussed. 

Considering in more detail the manner in 
which pressure pulsations resulting from the re 
ciprocatory motion of the motor and pump 
pistons 26 and 28 are absorbed, and referring 
particularly to Fig. 9 of the drawings, the num 
erals I55 and I56 indicate oscillograph curves 
showing respectively, typical pressure pulsations 
encountered in the power oil and production ?uid 
columns when a pump such as the pump I9 is 
used without the shock absorber 22. It will be 
noted that the power oil pressure rises at the 
ends of the stroke of the motor and pump pistons 
26 and 28 (see curve I55) and that the pump 
discharge pressure or production ?uid pressure 
drops at the same time (see. curve I56), the 
pressure pulsations in the two columns being of 
approximately the same magnitude and of op 
posite sign. The rise in pressure in the power 
tubing 28 and the drop in pressure in the produc 
tion tubing I4 cause the shock absorber piston 
43 to move upwardly against the pressure of the 
oil in the chamber 48 so that the energy produc 
ing such movement is absorbed by compression 
of the oil in this chamber, and also by compres 
sion to some extent of the production ?uid. The 
net result is that the pressure in the power tubing 
28 is decreased and the pressure in the produc 
tion tubing I4 is increased, the resultant pressure 
in the two columns being approximately as indi 
cated by the oscillograph curve I51 in Fig. 11. 
Thus, it will be apparent that, in effect, the shock 
absorber 22 causes the rise in power oil pressure 
and the drop in production ?uid pressure to 
cancel out, which is an important feature of the 
invention. 

It will be recalled that the radial passages III] 
in the tubular stem I8I on the shock absorber 
piston 43 are adaptedto move out of registry 
with the annular space I89 after a predetermined 
downward movement of the shock absorber pis 
ton. More speci?cally, the passages III) move 
out of registry with the annular space I08 when 
the piston 43 moves below its neutral or mid 
position. This cuts off communication between 
the lower end of the cylinder 89 containing the 
auxiliary piston 95 and the upper end of the 
motor cylinder 21 so as to interrupt operation 
of the pumping means 49. With this construc 
tion, the pumping means 49 will operate only 
until the desired pressure is built up in the 
chamber 48, which pressure balances the shock 
absorber piston 48 and moves it to its mid 
position. Consequently, if the shock absorber 
piston moves downwardly below its mid-posi 
tion, due, for example, to an increase in pro 
duction ?uid pressure, the operation of the 
pumping means 49 is interrupted to prevent its 
pumping more liquid into the chamber 48 so 
that the shock absorber piston may return to 
its 'mid-position when vthe production ?uid 
pressure returns to normal. 
As previously mentioned, it is desirable to 

maintain the pressure in the chamber 48 at a 
high value, the reason for this being that the 
amount of energy which a liquid is capable of 
absorbing as it is compressed is directly pro 
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portional to the pressure of the liquid. The 
relationship between the variables involved may 
be expressed by the following equation: 

W=PdP/K 
In this equation, 

W=the energy absorbed per unit volume of the 
liquid, ' 

P=the pressure of the liquid, 
dP=the increase in pressure of the liquid, and 
K=the bulk modulus of the liquid. 

It will thus be apparent that the higher the 
pressure maintained in the chamber 48 by the 
pumping means 49, the greater will be the 
energy absorbed by compression of the liquid 
toa given extent, which is an important fea 
ture of my invention. v 
Another feature of the invention resides in the 

provision of a shock absorber wherein the value 
of d? in the foregoing equation, as well as the 
value of P therein, is amplified, this being ac 
complished by making the cross-sectional area 
of the stem 85 which extends into the chamber 
48 small as compared to the area of the shock 
absorber piston 43 exposed to the power oil 
pressure. If an area ratio of 10, for example, 
is employed, it will be apparent that the in 
crease in d? resulting from a given increase 
in the power oil pressure, 1. e., the pressure in 
crease in the chamber 48 resulting from a given 
increase in the power oil pressure, will be ten 
times the increase in the power oil pressure to 
provide an amplification factor of ten for the 
shock absorber piston. 
As will be apparent from the foregoing 

equation, since the energy absorbing capacity 
of the shock absorber varies with both P and 
dP, a very large capacity can be obtained with 
a small volume of liquid in the chamber 48 by 
making both P and dP large. Thus, if the shock 
absorber piston 43 and the pumping means 49 
are provided with ampli?cation factors of ten, 
the energy absorbing capacity of the device will 
be increased by a factor of one hundred, which is 
an important feature of the invention. 

It will thus be apparent that by employing the 
pumping means 48 to convert a relatively low 
pressure into a relatively high value for P in 
the chamber 48é and by converting a relatively 
low pressure increase in the power oil pressure 
(or, conversely, a relatively low decrease in the 
production ?uid pressure) into a relatively high 
value for d? in the chamber 48, a large energy 
absorbing capacity may be attained with a rela 
tively small volume of liquid in the chamber 48, 
which is an important advantage of the inven 
tion. Thus, the volume of the chamber 48 may 
be much less than that of an air chamber, for 
example, having an equivalent energy absorbing 
capacity. 
As previously indicated, the conduit or tube I I4 

which provides ?uid comunication between the 
motor cylinder 21 of the pump I9 and the pump 
ing means 49 of the shock absorber 22 is pro 
vided with the coiled portion II5 to facilitate 
assembly of the shock absorber, the coiled por 
tion II5 of the tube rendering the tube ?exible 
and serving as a resilient means for performing 
a function to be described. Considering the man 
ner in which the ?exible tube II4 facilitates as 
sembly of the shock absorber 22, one step in the 
assembly of the device involves threading the 
lowermost tube 53 of the shock absorber housing 

. onto the ?tting 58 which connects the shock 



15 
absorber to the pump is (prior to threading this 
?tting on the upper end of the pump). Subse 
quently, the ?exible tube H4 is inserted through 
the ?tting 58 into the tube 53 and the keys 15 
on the insert 10 are inserted into the keyways 
‘l6 therefor, the lower end of the tube H4 previ 
ously having been permanently connected to the 
insert 10, as by soldering, for example. After 
the tube H4 has been inserted into the tube 53 - 
of. the shock absorber housing, the ?tting H3 
threaded into the bore I09 of the ?tting 51 is 
assembled to secure the upper end of the tube 
>H4 to the ?tting 51, this being done prior to 
threading the ?tting 51 into the upper end of 
the tube 53. The coiled portion H5 of the tube 
H4 is adapted to be extended during this oper 
ation. After the upper end of the tube H4 has‘ 
been connected to the ?tting 51 by means of the 
?tting H3, the insert ‘I0 is pulled downwardly 
so that the keys l5 thereon disengage the key 
ways ‘IS in the ?tting 58, such downward move 
ment being permitted by extension of the coiled 
portion H5 of the tube H4. With the insert 
10 pulled downwardly in this manner, it may 
rotate relative to the ?tting 58 to permit thread 
ing the ?tting 51 for connecting the tubes 52 
and 53 of the shock absorber housing into the 
upper end of the tube 53 of the housing. Sub 
sequently, the insert ‘Ill is rotated until the keys 
‘l5 thereon are aligned with the keyways 15 
in the ?tting .58. Since the insert 10 was pre 
viously pulled down to stretch the coiled por 
tion H5 of the tube H4, the coiled portion of the 
tube will then pull the insert 10 upwardly so 
that the keys 15 enter the keyways ‘I6 and so 
that the shoulder ‘i3 on the insert seats against 
the shoulder ‘M on the ?tting 58. The insert 10 
will then rotate with the ?tting 58 due to the 
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action of the keys 15 in the keyways 16 so that _ 
the ?tting 58 may be threaded onto the upper end 
of the pump it. 

It will be understood that the ?tting 51 for‘ 
connecting the tubes 52 and 53 of the shock ab» 
sorber housing may be threaded into the upper 
end of the tube 53 in the foregoing manner either 
before or after having been assembled with the 
components of the shock absorber 22 thereabove. 
Although I have disclosed an exemplary em» 

bodiment of my invention herein for purposes 
of illustration, I do not intend to be limited 
speci?cally thereto since various changes, modi 
?cations and substitutions may be incorporated 
in the embodiment disclosed without necessarily 
departing from the spirit of the invention. For 
example, although I have disclosed the pressure 
in the chamber d8 as opposing the power oil pres 
sure, it may be employed to oppose the produc~ 
tion ?uid pressure. Similarly, although I have 
shown the pumping means (59 as being adapted 
to pump oil from the power oil supply into the 
chamber (18, it may pump liquid from another 
source thereinto. Various other changes may 
also be made without departing from the spirit 
of the invention. Consequently, I hereby reserve 
the right to all changes, modi?cations and sub 
stitutions as properly come within the scope of 
the invention as set forth in the appended claims. 

I claim as my invention: 
1. In a ?uid operated pumping unit, the com 

bination of : a pump adapted to be operated by a 
?rst ?uid under pressure to pump a second ?uid 
under pressure; a, shock absorber provided with 
movable ?uid separating means therein; means 
for admitting the ?rst ?uid into said shock ab 
sorber on one side of said ?uid separating means; 
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means for admitting the second ?uid into said 
shock absorber on the opposite side of said ?uid 
separating means; and means in said shock ab 
sorber for applying to at least a portion of one 
of said sides of said ?uid separating means a 
?uid pressure exceeding the pressures of the ?rst 
and second ?uids. 

2. A ?uid'operated pumping unit, comprising: 
a pump adapted to be operated by a first ?uid un 
der pressure to pump a second ?uid under pres 
sure; a cylinder; a piston in said cylinder; means 
for exposing at least a portion of one end of 
said piston to the pressure of the first fluid; 
means for exposing at least a portion of the 
opposite end of said piston to the pressure of the 
second ?uid; and means for applying to at least 
a portion of one of said ends of said piston a 
?uid pressure greatly exceeding the pressures of 
the ?rst and second ?uids. 

3. In an apparatus for pumping ?uid from a 
well, the combination of: a ?uid operated pump 
in the well; a ?rst tubing extending into the well 
and connected to said pump, said ?rst tubing 
being adapted to convey operating ?uid to said 
pump to operate same; a second tubing extending 
into the well and connected to said pump, said 
second tubing being adapted to convey from said 
pump production ?uid discharged thereby; and a 
shock absorber, said shock absorber including 
movable ?uid separating means provided with 
?rst and second surfaces on opposite sides thereof 
and provided with a third surface on one of 
said sides thereof, said shock absorber including 
means for exposing said ?rst surface of said ?uid 
separating means to ?uid pressure obtaining in 
said ?rst tubing, including means for exposing 
said second surface of said ?uid separating means 
to ?uid pressure obtaining in said second tubing, 
and including means for exposing said third sur 
face of- said ?uid separating means to a ?uid 
pressure greatly exceeding the ?uid pressures ob 
taining in said ?rst and second tubings. 

4. In a shock absorber for use in a well pump 
ing apparatus which includes a ?uid operated 
pump having ?rst and second tubings connected 
thereto, the ?rst tubing being adapted to con 
vey operating ?uid to the pump to operate same 
and the second tubing being adapted to convey 
from the pump production ?uid discharged there 
by, the combination of: movable ?uid separating 
means having ?rst and second surfaces on oppo 
site sides thereof and having a third surface on 

" one of said sides thereof; means for exposing said 
first surface of said ?uid separating means to 
?uid pressure obtaining in the ?rst tubing; means 
for exposing said second surface of said ?uid 
separating means to ?uid pressure obtaining in 
the second tubing; and means for exposing said 
third surface of said ?uid separating means to 
a ?uid pressure greatly exceeding the ?uid pres“ 
sures obtaining in the ?rst and second tubings. 

5. In a device for absorbing pressure variations 
in ?rst and second ?uids, the combination of: 
movable ?uid separating means having first and 
second surfaces on opposite sides thereof and 
having a third surface on the same side thereof 
as said second surface, the area of said third 
surface being small as compared to the areas of 
said ?rst and second surfaces; means for apply 
ing the pressure of the ?rst ?uid to said ?rst sur 
face of said ?uid separating means; means for 
applying the pressure of the second ?uid to said 
second surface of said ?uid separating means; 
and means for applying to said third surface of 
said ?uid separating means a ?uid pressure ex“ 
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ceeding the pressures of the ?rst and second 
?uids. 

6. A device as set forth in claim 5 wherein the 
product of the pressure of the ?rst ?uid and the 
area of said ?rst surface substantially equals the 
product of the pressure of the second ?uid and 
the area of said second surface plus the product 
of the pressure applied to said third surface and 
the area of said third surface. 

' 7. In a device. for absorbing pressure variations 
in ?rst and second ?uids, the combination of: a 
housing; movable ?uid separating means in said 
housing, said ?uid separating means having ?rst 
and second surfaces on opposite sides thereof 
and having a third surface on one of said sides 
thereof; means for applying the pressure of the 
?rst ?uid to said ?rst surface of said ?uid sepa 
rating means; means\for applying the pressure 

. of the second ?uid to said second surface of said 
?uid separating means; a source of ?uid pres 
sure; means for applying to said third surface 
of said ?uid separating means the ?uid pressure 
obtaining at said source; and means in said 
housing for maintaining ?uid pressure at said 
source. 

8. A device as set forth in claim 7 wherein the 
means last mentioned comprises pumping means 
for delivering ?uid under pressure to said source. 

9. A device as set forth in claim 8 wherein said 
pumping means is operable by the first and sec 
ond ?uids. 

10. A device as set forth in claim 7 wherein the 
means last mentioned is carried by said movable 
?uid separating means. - 

11. In a device of the character described, the 
combination of: a cylinder; a piston reciprocable 
in said cylinder; a source of ?uid pressure; means 
for applying to at least a portion of the area of 
one end of saidpiston the ?uid pressure obtain 
ing at said source; and pumping means including 
a plunger carried by and movable relative to said 
piston for maintaining ?uid pressure at said 
source. 

12. A device as set forth in claim ll wherein 
said pumping means is fluid operated, said de 
vice including means for connecting one side 
of said plunger to a source of alternating pres 
sure. 

13. In a shock absorber, the combination of: 
a cylinder; a piston reciprocable in said cylinder; 
a chamber for a ?uid under'pressure connected 
to said cylinder; pumping means including a 
plunger carried by and movable relative to said 
piston for maintaining ?uid pressure in said 
chamber; and means for applying the ?uid pres 
sure in said chamber to at least a portion of one 
end of said piston. 

14. A shock absorber as set forth in claim 13 
wherein said piston is provided with a tubular 
stem which extends into said chamber, said stem 
communicating at one end with the ‘interior of 
said chamber and at its other end with an outlet 
of said pumping means. ' 

15. A shock absorber as set forth in claim it 
wherein said pumping means is ?uid operated. 
passage means being provided for connecting one 
end of said plunger to a source of alternating 
?uid pressure. 

16. In a shock absorber, the combination of: 
a‘. main cylinder; a main piston reciprocable in 
said main cylinder and provided with an auxil 
iary cylinder therein; a chamber for a ?uid 
under pressure connected to said main cylinder; 
?uid operated pumping means carried by said 
.nain piston and communicating with the in 
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18 
terior of said chamber for maintaining ?uid 
pressure in said chamber, said pumping means 
including an auxiliary piston reciprocable in said 
auxiliary cylinder; means for applying an alter 
nately increasing and decreasing ?uid pressure 
to one end of said auxiliary piston; and means 
for applying the ?uid pressure in said chamber to 
at least a portion of one end of said main piston. 

1'7. A shock absorber as set forth in claim 16 
wherein said main piston is provided with a tu 
bular stem which extends into said chamber, said 
stem communicating at one end with the in 
terior of said chamber and at its other end with 
said auxiliary cylinder. 

18. In a ?uid operated pumping unit, the com 
bination of: a ?uid operated pump provided with 
a motor cylinder having a motor piston recipro 
cable therein and provided with means for pc 
riodically admitting an operating ?uid under 
pressure into one end of said motor cylinder; a 
shock absorber cylinder; a shock absorber pis 
ton reciprocable in said shock absorber cylinder; 
a chamber for a ?uid under pressure; ?uid oper 
ated pumping means for maintaining ?uid pres 
sure in said chamber; passage means communi 
cating at one end with said one end of said motor 
cylinder for conveying operating ?uid to said 
pumping means to operate same; and means for 
applying the ?uid pressure in said chamber to at 
least a portion of one end of said shock absorber 
piston. 

19. A ?uid operated pumping unit as de?ned 
in claim 18 wherein said shock absorber piston 
is provided with an auxiliary cylinder therein, 
wherein said pumping means includes an auxil 
iary piston reciprocable in said auxiliary cyl 
inder. and wherein said passage means communi 
cates at its other end with one end of said auxil 
iary cylinder. 

20. In a shock absorber, the combination of: a 
cylinder; a piston reciprocable in said cylinder; 
a chamber for a ?uid under pressure; an axially 
extending, tubular stem on said piston, the cross 
sectional area of said stem being exposed to the 
?uid pressure in said chamber and being small 
as compared to the cross-sectional area of one 
end of said piston; and means for delivering ?uid 
under pressure to said chamber through said tu 
bular stem. 

21. In a ?uid operated well pumping device, 
the combination of z a first ?uid operated pump 
adapted to be disposed in a, well so as to pump 
well ?uid therefrom, and having a ?rst cylinder 

‘ and a ?rst piston in said cylinder; a second ?uid 
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operated pump adapted to be disposed in the 
well, said second pump having a second cylinder 
and a second piston therein; and passage means 
for connecting one end of said second cylinder 
in continuous ?uid communication with one end 
of said ?rst cylinder. 

22. In a device adapted to be used with a ?uid 
operated pump in a well, the pump being oper 
ated from a source of operating ?uid under high 
pressure, the combination of: a chamber ?lled 
with liquid under ?uid pressure higher than that 
of said source; a movable wall, one side of which 
is adapted to communicate with said source and 
be exposed to the ?uid pressure thereof; plunger 
means connected to the other side-of'said wall 
and extending into said chamber and movable 
with respect thereto, said plunger means having 
an effective cross-sectional area exposed to the 
?uid pressure in said chamber which is substan 
tially smaller than the effective cross-sectional 
area of said one side of said wall exposed to the 
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?uid pressure of said source; and pumping 
means including a plunger carried by and mov 
able relative to said movable wall for delivering 
liquid to said chamber to maintain said higher 
?uid pressure therein 

23. In a ?uid operated pumping device, the 
combination of: a ?uid operated pump having 
a ?uid port therein in one end thereof; a tubular 
member adapted to be threadedly connected to 
said end of said pump; a ?tting adapted to be 
threadedly connected to the other end of said 
member, said ?tting having a ?uid passage there 
in; and a ?exible ?uid conduit in said member 
for connecting said port and said passage, said 
?exible ?uid conduit including a coiled portion. 

24. In a ?uid operated pumping device, the 
combination of : a ?uid operated pump having 
a ?uid port therein in one end thereof; a tubular 
member adapted to be threadedly connected to 
said end of said pump; a ?tting adapted to be 
threadedly connected to the other end of said 
member, said ?tting having a ?uid passage 
therein; a ?exible ?uid conduit in said member 
for connecting said port and said passage, said 
?exible ?uid conduit including a coiled portion; 
and means for releasably comiecting said con 
duit to said pump. 

25. In a shock absorber adapted to be con 
nected to a ?uid operated pump, the combina 
tion of: a tubular member adapted to be thread 
edly connected at one end to one end of the 
pump; a ?tting adapted to be threadedly con~ 
nected to the other end of said member; an 
insert adapted to move in said member from 
said one end thereof toward said other end 
thereof from a ?rst position to a second posi 
tion; means for limiting movement of said in 
sert beyond said second position; and resilient 
conduit means in said member adapted to be 
rigidly connected at one end to said insert and 
at its other end to said ?tting for biasing said 
insert toward said second position. , 

26. A shock absorber as set forth in claim 25 
wherein said insert is rotatable relative to said 
member when it is in its said ?rst position so 
as to permit rotation of said ?tting relative to 
said member, whereby to permit threadedly con- 
necting said ?tting to said other end of said 
member. 

27. A shock absorber as set forth in claim 26 
including means for preventing rotation of said 
insert relative to said member when it is in its 
said second position. 

28. In a shock absorber for absorbing pres 
sure variations in a ?rst ?uid normally of one 
pressure and a second ?uid normally of another, 
lower pressure, the combination of: a cylinder; 
a piston in said cylinder having on one side 
thereof a ?rst surface and having on the other 
side thereof second and third surfaces, the area 
of said third surface being less than the areas 
of said ?rst and second surfaces; means in- 
cluding a passage communicating with said cyl 
inder on said one side of said piston for ex 
posing said ?rst surface to the ?rst ?uid; means 
including a passage communicating with said 
cylinder on said other side of said piston for ex 
posing said second surface to the second ?uid; 
and means for exposing said third surface to a 
third ?uid of a pressure su?icient to balance 
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the normal pressure force differential applied to 
said piston by the first and second ?uids, in 
cluding a chamber con?ning said third ?uid so 
that said third ?uid acts resiliently on said third 
surface to absorb any differences between said 
normal pressure force differential and abnormal 
pressure force differentials resulting from varia 
tions in the pressures of the ?rst and second 
?uids from normal. 

29. In an apparatus for pumping ?uid from 
a well, the combination of: a ?uid operated 
pump in the well; a' ?rst tubing extending into 
the well and connected to said pump, said ?rst 
tubing being adapted to convey operating ?uid 
to said pump to operate same; a second tubing 
extending into the well and connected to said 
pump, said second tubing being adapted to con 
vey from said pump production ?uid discharged 
thereby; and a shock absorber, said shock ab 
sorber including movable ?uid separating means 
provided with a ?rst surface on one side thereof 
and second and third surfaces on the opposite 
side thereof, the area of said third surface be 
ing less than the areas of said ?rst and second 
surfaces, said shock absorber including means 
for exposing said ?rst surface of said ?uid sep 
arating means to ?uid pressure obtaining in said 
?rst tubing, including means for exposing said 
second surface of said ?uid separatingmeans 
to ?uid pressure obtaining in said second tubing, 
and including means for exposing said third sur 
face. of said ?uid separating means to a third 
?uid, said shock absorber further including a 
chamber which con?nes the third ?uid so that 
said ?uid separating means varies the pressure 
in said chamber in response to variations in the 
?uid pressures obtaining in said ?rst and sec 
ond tubings to balance the ?uid pressures ap 
plied to said ?uid separating means. 

30. In ashock absorber for a ?uid-operated 
pump adapted to be operated by ?uid at one 
generally constant pressure level and to dis 
charge ?uid at another generally constant pres 
sure level, the combination of: movable means 
for separating the ?uid at said one generally 

‘v constant pressure level from the ?uid at said 
other generally constant pressure level; and 
means for applying to said movable means in a 
direction opposing the higher of said pressure 
levels the pressure of a third ?uid, including a 
chamber for con?ning said third ?uid. 

CLARENCE J. COBERLY. 
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