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UNITED STATES PATENT OFFICE 
2,664,049 

FLUID.OPERATED PUMP WITH PNEUMATIC 
SHOCK ABSORBER 

Clarence J. Coberty, Los Angeles, Calif., assignor, 
by mesne assignments, to Dresser Equipment 
Company, Cleveland, Ohio, a corporation of 
Ohio 

Application February 16, 1948, Serial No. 8,524 
(C. 103-46) 14 Claims. 

My invention relates in general to fiuid-op 
erated pumping equipment and, more particu 
larly, to an apparatus which includes a fuid-Op 
erated pump of the reciprocating type, a pri 
mary object of the invention being to provide 
an apparatus of this character having cushion 
ing means associated therewith for absorbing 
any shock loads which may be imposed On the 
System. 

Pumps of the fluid-operated type are used ex 
tensively in the oil industry for pumping oil 
from Wells and are well-known in the art. So that 
a detailed description thereof herein is unneces 
sary, an example of such a pump being disclosed 
in my Patent No. 2,134,174, issued Octobed 25, 
1938. Briefly, such a fluid-operated pump corn 
prises a motor section and a pump section set 
in the well at the level from which oil is to be 
pumped, a power tubing for conveying operating 
fluid under pressure to the pump and a produc 
tion tubing for conveying oil to the surface be 
ing connected to the motor and pump Sections, 
respectively. The motor section of the pump 
includes a cylinder having a piston therein and 
includes a suitable valve mechanism for ad 
mitting the pressurized operating fluid in the 
power tubing alternately into opposite ends of 
this cylinder so as to reciprocate the piston 
therein, the operating fluid usually being clean 
crude oil. The pump section includes a cylinder 
having a piston therein which is connected to 
the notor piston, whereby the reciprocatory no 
Sion of the notor piston is communicated to the 
pump piston. So that the latter draws oil 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 ordinarily of the 
double-acting type so that as oil is drawn into 
one end of the punar cylinder during a given 
stroke of the pump piston, oil drawn into the 
opposite end thereof during the preceding stroke 
is simultaneously discharged. 

In order to prevent, excessive wear and pos 
sible brea'are of the varioi is components of a 
pump of this type, and in order to prevent dam 
age to other components of the installation in 
which the pimp is incorporated, it is essential 
to minimize any shock loads which may origi 
nate in the pump. Such shock loads may be 
developed in the pump under various conditions 
of operation, one of these being the condition 

O 

5 

2 
resulting when the load on the pump piston de 
creases Suddently due, for example, to the pres 
ence of gas in the pump cylinder. The oil enter 
ing the Well from an adjacent oil producing for 
mation may contain considerable quantities of 
natural gas in Solution or in suspension, or both, 
the amount of natural gas present in the oil 
depending Upon the amount present in the for 
nation and depending upon prevailing condi 
tions of pressure, temperature, etc. 
Since the pump piston reduces the pressure 

in the pump cylinder below that prevailing in 
the Well as it draws oil into the pump cylinder, 
the gas present in the oil may be liberated with 
the result that a quantity of oil sufficient only 
to partially fill the pump cylinder is drawn there 
into, the balance of the pump cylinder being 
filled with gas. Consequently, when the direc 
tion of movement of the pump piston is re 

20 versed and starts its pumping stroke, this pis 
ton will act only on the gas in the pump cylinder 
for at least the first part of its stroke. Since the 
gas is highly compressible, it offers but little re 
sistance to movement of the pump piston so that 

25 the motor and pump pistons, which are directly 
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connected, may accelerate to an extremely high 
speed. In many instances the speed attained by 
the pistons may greatly exceed their normal op 
erating Speed, the reason for this being that a 
considerable amount of energy may be stored 
in the operating fluid supply system at the op 
erating fluid pressures normally employed be 
cause of the compressibility of the column of 
Operating fluid in the power tubing and the ex 
pansibility of the power tubing. Such energy 
is released when the load on the pump piston 
decreases due to the presence of gas in the pump 
cylinder, and contributes to the acceleration of 
the motor and pump pistons. 
When the pump piston, traveling at an ab 

normal, high speed, strikes the oil in the pump 
cylinder, severe shock loads are developed which 
may cause extensive damage to the pump in the 
form of excessive wear, scoring, seizing and even 
breakage of the parts of the pump. Moreover, 
pressure surges of considerable magnitude may 
be produced in the operating fluid and produc 
tion fluid columns above the pump and may re 
sult in abnormal stressing of and possibly dam 
age to other components of the installation. If 
the fluid mixture being pumped contains a large 
percentage of water, which occurs frequently in 
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Some oil fields, the compressibility of the pro 
duction column is substantially less than where 
the production column is relatively pure oil or a 
mixture largely of oil and gas, and the present 
invention is cf particular value for use with the 
former. Also, the present invention has great 
utility and may be used with particular advan 
tage in a well in which the fluid level in the well 
is pulimped down to a point such that only gas 
at low pressSui'e is present in the pump cylinder. 
A governor located in close proximity to the 

pump may be employed to reduce the rate of 
flow of Operating fluid to the motor Section of 
the pump in response to decreases in the load 
On the pump piston So as to reduce the pisto: 
Speeds. Which Would otherwise be attained, an ex 
ample of such a governor being disclosed in my 
Patent No. 2,311,157, issued February 16, 1943. 
However, due to the fact, that such a governo: 
begins to operate only after the condition which : 
results in acceleration of the moto' and pu2) 
pistons has already developed, there may be con 
siderable lag in its operation. Consequently, 
even if a governor is eikhployed, shock loads of 
undesirably large magnitudes may be produced, 
although such shock loads are, of coulse, greatly 
reduced as a result of the use of the governor. 
Severe stresses navy he developed in various 

components of the installation even under noi 
final conditions of Operation if the frequency of 
the reciprocatoly motion of the motol and pump 
pistons coincides with either tha natural fre 
quency of oscillation or One of the harmonics of 
either the opsiatin fluid or the production fluid 
column above the putnip, i. e., if the frequency of 
the pressure pulsation; developed in the fluid 
columns as a result of the reciprocatory riotion 
of the motol and pump pistons coincides with 
either the natural frequency or one of the har 
monics of One of the coins. These fluid col 
unans are only moderately damped so that stand 
in preSSu'e waves of a magnitude Sufficient to 
develop abnormal stresses in various Con 
ponents of the installation may be produced 
under Such resonant operating conditions. 

Since the natullal frequencies of such fluid col 
unns are usually relatively low as compared to 
the frequency of reciprocation of the motor and 
pump pistons during norrinal operation, it is 
usually possible to avoid operating the punp in 
phase with the natural frequencies of the col 
umns. However, it is virtually impossible to 
select an operating Spoed for the pump which 
avoids both the natural frequencies of the oper 
atting fluid and production fluid columns and all 
Of the harmonics thereof due to the fact that 
the intervals between the natural frequencies 
and the first hanonics and the intervals be 
tween harmonics are relatively Small. Another 
factor which makes it difficult to avoid both the 
natural frequency and all of the harmonics of 
the production fillid column in particular is that 
the natural frequency of this column varies with 
Variations in the proportions of gas, oil and water 
in the production fluid. Consequently, since res 
Onant Operating conditions cannot be avoided 
readily by a Selection of piston Speed, it is de 
Siirable to reduce the magnitude of the pressure 
surges resulting from the reciprocatory nature of 
the operation of the pump so as to avoid produc 
ing standing pressure waves of excessive magni 
tude. 

In view of the foregoing considerations, an 
object of the present invention is to provide a 
Cushioning or shock absorbing device for use 
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with pumps of the character described which is 
adapted to absorb shock loads and pressure 
Surges Originating in the pump under various con 
ditions of operation. 
More Specifically, an object of the invention is 

to provide a pneumatic shock absorber which may 
be eXposed to the fiuid pressure oiotaining in 
either the power tubing or the production tubing 
at a point in close proximity to the pump so that 
shock loads originating in the punp are ab 
SOrbed substantially instantaneously. 
Another object is to provide a shock aiosorier 

Which includes a variable volune chamber hav 
ing a gas, Such as air or nitrogen, for example, 
therein and which includes ineans for expos 
ing the exterior of the chamber to fluid pressure 
obtaining in the power tubing or the produc 
tion tubing at a point in close proximity to 
the pump. 
Another important object of the invention is 

to provide a chamber which is capable of retain 
ing the gas contained therein for long periods 
of time in order to eliminate any necessity for 
rep3iring Ol' replacing the shock absorber at 

5 frequent intervals. 
A furthel' object is to provide a sinock absorber 

having a flexible member which forms one wall 
of the gas chainbei' and having ineans for pre 
venting diffusion of the gas through this wall. 

Still another {} is C provi?e a fishioning 
device whereiin tie fiexible yall of his chanber 
includes a layer of rubber-like material to pro 
Wide flexibility and inciu des a layer of reinforc 
ing material which is capable of resisting diffu 
SiOn Of the gas in the chainber therethrough, 
A further object is to provide a shock absorber 

Wherein the gas chambei is filed with a liquid to 
a depth Sufficient to Substantially submerge the 
fiexible Wall thereof. So as to provide a liquid sea 
of considerable length batween the gas in the 
chamber and this wall. 
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 bs used, and 
to provide a compact shock absorber which occu 
pies a minimum of space in a well, 
The foregoing objects of the invention and the 

advantages suggested thereby, together with vari. 
oils other objects and advantages which will be 
COme evident, may be attained thirough the em 
ployment of the exemplary embodinients are 
illustrated in the accompanying drawings and 
Which are described in detail hereinafter. Re 
ferring to the drawings: 

Fig. 1 is a vertical sectional utility view illus 
trating a pumping installation which embodies 
the invention as installed in a well; 

Fig. 2 is an enlarged vertical sectional view 
Which is taken along the broken line 2-2 of Fig. 
i and Which ShoWs an upper portion of a shock 
absorber embodying the invention; 

Fig. 3 is an enlarged vertical sectional view 
which is taken along the broken ine 3-3 of lig. 
1 and which shows the lower portion of the 
Shock absorber, Fig. 3 being a downward exten 
sion of Fig. 2; 

FigS. 4 and 5 are transverse sectional views 
taken along the broken lines 4-4 and 5-5, re 
spectively, of Figs. 2 and 3, respectively; 

Fig. 6 is a vertical Sectional view which is 
similar to Fig. 3 but which shows another en 
bodiment of the invention; 

Fig. 7 is a transverse sectional view taken along 
the broken line 7-7 of Fig 6; 

Fig. 8 is a cross-sectional view, similar to Fig. 
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5, but showing an alternative type of resilient 
sleeve; 

Fig. 9 is a fragmentary longitudinal sectional 
view taken along the broken line 9-9 of Fig. 8: 

Fig. i0 is a view similar to Fig. 8, but showing 
a further alternative type of resilient sleeve; 

Fig. 11 is a fragmentary longitudinal sectional 
View taken along the broken line - of 
Fig. 10; 

Fig. 12 is a view also similar to Fig. 8, but show 
ing Still another alternative type of resilient 
Sleeve; and 

Fig. 13 is a fragmentary longitudinal sectional 
View taken along the broken line 3-3 of Fig. 
2. 
Referring particularly to Fig. i. of the drawings, 
Show a well casing which extends down 

Wardly from a casing head into an oil produc 
ing formation 2 of a well, the lower end of the 
Casing being provided with perforations 3 
through which fluid from the oil producing for 
nation may flow into the casing. A production 
tubing f l is suspended from a tubing head 5 
which forms an intermediate part of the casing 
head and extends downwardly through the 
casing to into a body 6 of production fiuid in 
the lower portion thereof. The lower end of the 
production tubing 4 is equipped with a pump 
Seat which is adapted to receive and support 
the inlet end 8 of a fluid-operated pump 9. A 
power tubing 2 for conveying operating fluid to 
the pump 9 is Suspended from a cap member 2 
of the tubing head 5 and extends downwardly 
through the production tubing . In the par 
ticular construction illustrated in the drawings, 
the power tubing 2 is connected to the pump 19 
through a shock absorber or cushioning device of 
the invention which is indicated generally by the 
nuneral 22 and is described in detail hereinafter. 
The fuid operated pump 9 per se forms no 

part of the present invention and is not shown 
in detail in the drawings. The pump 9 may, for 
example, be of the type disclosed in my aforesaid 
Patent No. 2,134,174, or may be of the type dis 
closed in my aforesaid Patent No. 2,311,157. As 
reviously inentioned, the pump disclosed in the 

latter patent is provided with a governor and the 
shock absorber 22 may be employed in connection 
with a pump of this type advantageously in many 
instances, particularly in wells where large quan 
tities of gas are liberated from the production 
fuid during pumping operations. 
The general operation of the pump 9 is Well 

known in the art, being described in detail in my 
aforesaid Patent No. 2,134,174, and needs be de 
scribed only briefly herein. Operating filuid, such 
as clean crude oil, for example, is delivered under 
relatively high pressure to the casing head 
through a supply pipe 24 and flows downwardly 
through the power tubing 29 and the shock ah 
sorber 22 to the punp 9 to operate same. Such 
operating fluid is alternately supplied to opposite 
ends of a notor piston (inot shown) which forms 
part of the pump 9 to reciprocate same, the re 
ciprocatory movement of the motor piston being 
communicated to a pump piston (not shown) 
through a Suitable connection between the two 
pistons. The pump piston draws production fluid 
from the body S through the inlet end 8 of the 
pump 9 and discharges it into the production 
tucing 4. The oil discharged by the pump flows 
upwardly through the production tubing 4 into 
the casing head and is discharged therefrom 
into a discharge pipe 25 which nay lead to a point 
of Se Oi Storage. 
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6 
Referring particularly to Figs. 2 and 3 of the 

drawings, the shock absorber 22 includes concern 
tric inner and outer tubes 3 and 32 having an 
annular space 33 therebetween, and includes fit 
tings 34 and 35 which close the upper and lower 
ends, respectively, of this space. The upper fit 
ting 34 is threaded into the upper end of the outer 
tube 32 and the lower fitting 35 is threaded into 
the lower end thereof, fluid-tight Seals between 
the Outer tube and the fittings 34 and 3 being 
provided by sealing rings 36 and 3 disposed in 
annular grooves in the respective fittings. The 
lower end of the power tubing 20 is threaded into 
a bore 49 in the upper fitting S4 to connect the 
shock absorber 22 to the power tubing, and the 
lower fitting 35 is threaded into a bore in the 
upper end of the pump 9 to Connect the shock 
absorber to the pump. 
The upper fitting 34 is provided with a passage 

42 therethrough which Connulicates with the 
power tubing 20 and the inner tube 3, and the 
ower fitting 35 is provided with a passage 43 
therethrough which communicates with the inner 
tube and the pump 9, whereby Operating fluid 
from the power tubing may fow through the 
shock absorber 22 to the pump by Way of the 
paSSage 2, the inner the 3 and the passage i3. 
The passages 42 and 43, and the inner tube 3 , 
are of relatively large Cross-sectional area, and 
thereby afford very little resistance to the flow 
of Operating fuid therethrough. The upper end 
Of the inner tube is threaded into a central ore 
44. Which forms part of the passage 2 through 
the upper fitting 34, and the lower end of this 
tube is disposed in a bore 45 which forms part 
of the passage 43 through the lower fitting 3. 
In order to facilitate assembly and disassembly 
of the shock absorber 22 and in order to avoid 
close tolerances in the relative lengths of the 
inner and Outer tubes 3 and 32, the lower end 
of the inner tube is preferably merely telescoped 
into the bore 45 in the lower fitting 35, a fiuid 
tight sea between the inner tube and the lower 
fitting being provided by a sealing ring 6 which 
encircles the lower end of the inner tube and is 
disposed in an annular groove in the lower fit 
ting. 
A flexible sleeve 50 of oil-resistant rubber, or 

other Suitable naterial of a similair rature, is 
disposed in the annular Space 33 between the 
inner and outer tubes 3 and 32 adjacent, the 
lower end of this space, layers 48 and 43 of rein 
forcing material, e. g., a fabric having a close 
Weave, such as duck, preferably being embedded 
in the rubber. The layers 48 and 49 are prefer 
ably formed of loosely wound Spiral Strips of 
fabric to avoid undue stiffening of the sleeve. 
The ends of the flexible sleeve 50 are Sealed with 
respect to the inner Wall of the Outer tube 32 in 
the embodiment illustrated in FigS. 2 to 5 of the 
drawings, the ends of the sleeve being held in 
fluid-tight engagement with the outer tube 32 by 
ferrules 5 inserted in the ends of the sleeve. 
Each ferrule 5 comprises an inner sleeve 52 and 
an Outer she 53, annular portions is of the shel 
being expanded to hold the flexible sleeve 5 in 
fiuid-tight engagement with the outer tube 32. 
The sleeves 52 of the ferrules 5 are provided 
with apertures 55 therein to provide fluid corn. 
munication between the inner surfaces of the ex 
panded portions 54 of the shell 53 and the annu 
lar Space 33 between the inner and cutter tubes 
3 and 32 So that the fluid pressure obtaining in 
this Space is applied to the expanded portions of 
the shells to assist in pressing the ends of the 



2,664049 
7 

flexible sleeve 50 into engagement with the outer 
tube. 
The internal diameter of the flexible sleeve 58 

is greater than the exterial diameter of the 
inner tube 3 so as to provide an annular Space 
there between which conntnicates with that poi'- 
tion of the annular space 33 above the flexible 
sleeve, thus providing a chamber 59 having & 
volume which is variable due to the flexibility of 
line sleeve 5. 
a plurality of apertures ) therein intel'nediate 
the ends of the flexible sleeve 53 So that the Outer 
surface of this sleeve is exposed to fluid preSSure 
obtaining in the production tubing 4. The 
chamber 5S is filled with gas, Such as air, for 
example, at a pressure substantially equal to the 
prassure ionally prevailing in the production 
tubing 4 immediately above the punp 9 So that 
the fiexible sleeve S is norinally in the position 
shown in Figs. 2 and 3 of the drawings, the upper 
fitting 3i provided with a passage 6 for 
introducing aii, iito the chain her 59, AS best 
shown in Fig. 4, the passage terminates at itS 
upper end in a bore 2 and counterbores S3 and 
S4, plugs 5 and 35 heing threaded into the 
counterbores (3 and (á, espectively. The plug 
SS is provided with a coinical portion 6 which is 
adapted to seat against a shoulder 63 formed at 
the junction of the bore 52 and tha contelhore 
63 and is also provided with a longitudinal slot 

therein. With this construction, in ordel' to 
fill the chanhoe, 38 With air to tile required pies 
sure, it is necessary to remove the plug 5 and 
to rotate the plug 5 until the conical portion ( 
thereof is unseated. Air inay the be inil'Ciuced 
into the channer 53 through the slot $8 in the 
plug G5 and, after the proper pressli'2 within the 
chanbar 39 has been attainei, the plug 65 Inay be 
rotated until the COinical portion 6: thereof Seats 
on the shoulder 33. Subsequently, the outer plug 
eS may be reinserted to provide a further Seal. 

Consistering the operation of the Shock ab 
sorber 22, it will be assified that the plannp 9 is 
operating under candition: Suth that the pump 
cylinder thereof is only pastially filled With liquid, 
Consequently, as hereinbefore discussed, racing 
of the pump piston may occur So that it Strikes 
the liquid in the pump cylinder while traveling at 
an abno11nally high Saed. Sich inpact of the 
pump piston against the liquid in the pump 
cylinder produces a pressure Surge which is 
transmitted upwardly through the fluid in pro 
duction tubing is and, since the exterior of the 
fiexible Sl is exposed to the pressure in 
the production tubing, through the apertures e0, 
this pressure Surge compresses the fiexible Sleeve 
and the gas in the channer i3. 
Thus, as the column of production liquid in 

the production tubing 4 above the shock 'ah 
sorber 22 is relatively incompressible as coinpared 
with the gas in the channber 3, the fuid preSSuite 
Surge in the production column is absorb8d Sub 
stantially at the level of the fluid-operated pump 
9, and is not transmitted upwardly through the 

production collinn as a shock wave of a magni 
tude suffic, to cause damage. Also, the liquid 
in the cylinder of the fluid-operated pump 9 can 
more readily be displaced therefron, lessening the 
reactive force of impact on the pump piston and, 
consequently, reducing the tendency to damage 
thereof. It will thus be inoted that by connecting 
the shock absorber 22 directly to the pump S, the 
gas chamber 59 responds to pressure Surges orig 
inating in the pump substantially instantane 
ously, which is an important feature of the inven 

The oiter tube 32 is provided with . 
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8 
tion. The maximum pressure in the gas chamber 
59 is normally low relative to the peak pressure 
built up by a shock wave in the production col 
umn. It is also to be noted that the apertures 
6), communicating between the air chamber 59 
and the production column in the production 
tubing 4, are quite Small in diameter to dampen 
any oscillation of fluid between the ail chamber 
and the production column by a throttling action 
and to prevent the formation of standing Waves 
in the production column of Sufficient amplitude 
to be detrimental, and this is a further inportant 
feature of the invention. 

Similarly, under normal conditions of operation 
of the pump f S, i. e., When no gas is present in 
the pump cylinder, the pressure pulsotions in the 
production fluid column above the pump which 
result from the reciprocatory motion of the pump 
piston are absorbed by the gas chamber 59 so 
that Such pulsations are not transmitted through 
the production fluid column to produce standing 
preSSue Waves of d2.Inaging magnitude thelein. 
The volume of the gas chamber 5 required to 

produce the desired shock absorbing action may 
vary to Some extent from One installation to an 
other, although I have found that a gas chamber 
having a volume of approximately ten times the 
displacement of the prlp pit, C; a stroke is 
adequate for most installations. In Some in 
stances, Smallel gas chambers may suffice, or at 
least, Will have beneficial effects. 
The chamber 59 must be capable of retaining 

gas for long periods of time so that frequent re 
moval of the apparatus from the Well to replenish 
the gas in the chamber will not be necessary. J. 
have found that if oil-resistant ribber alone is 
(inployed for the flexible sleeve 59, the gas will be 
retained for reasonable peliods of tina. Howevel, 
in some instances, the usia of Such a material by 
itself may not be completely satisfactory, par 
ticularly in extremely deep wells where pulling 
the shock absorber 22 to replenish the gas in the 
chamber 59 may be quite expensive. Air and 
other gases Suitable for filling the gas chamber 
59 have a tendency to be dissolved by the rubber, 
or other similar material, forming the flexible 
sleeve 50 and a solution pressure gradient is es 
tablished tending to cause the rubber to take up 
gas on One Side and give it up to the oil on the 
other side. This represents a leakage of gas 
through the flexible sleeve 50, but it is a function 
of the solubility of the gas in the rubber rather 
than diffusion through pores or capillary passages 
in the rubber. 

I have found that such gas losses through the 
flexible sleeve 50 may be decreased materially hy 
embedding one or more thin metallic layers in 
the rubber or other material forming the sleeve. 
Slch a COnStruction Substantially prevants leak 
age if the metallic layers are inniperforate and 
greatly reduces leakage even if small holes in the 
metallic layers are present since the gas can leak 
through such Small holes only by convergent flow 
from the interior of the gas chamber 53 to the 
holes and by divergent flow from the holes to the 
oil outside the sleeve 53. 

In FigS. 8 and 9 of the drawings, I show an en 
bodiment of the invention wherein spaced, thin 
metallic layers 72 and 73 are embedded in the 
material forming the flexible sleeve 53, such layers 
baing provided in addition to the fabric layers 43 
and 49 for mischanically reinforcing the sleeve. 
The metallic layers 2 and 73 may be continuous 
sheets of metal foil, tin foil being well suited for 
the purpose. 
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In FigS. i0 and 1 of the diaWings, I Show an 
other embodiment wherein spaced metallic layers 
8 and 2 in the form of Spirally wound metal 

tapes are embedded in the rubber or other similar 
raterial forming the flexible sleeve 5, such tapes 
being formed of thin Strips of a ninetal Such as Cop 
per, for example. Alternatively, as shown in 
Figs. 12 and 13 of the drawings, the flexible sleeve 
5 e may have embedded therein a metallic layer 

in the for of a thin Walled, longitudinally 
corrugated metal sleeve which may be formed of 
copper or stainless steel, for example. 
The metallic layers employed in the embodi 

ments shown in Figs. 8 to 13 are preferably formed 
of very thin material so as to avoid undue stiffen 
ing of the fiexible sleeve 55. 
Another and preferred Way of avoiding gaS 

losses through the flexible sleeve 5 is to fill the 
chamber 59 with a liquid, such as oil, to a point 
such that the sleeve is SC:bmerged and has a col- : 
unn of liquid above it. Thus, the liquid provides 
a seal of considerable length between the flexible 
sleeve 5) and the gas in the chamber 59 so that 
the gas in the chamber does not contact the 
sleeve. There will, of course, be some vertical 
movement of the liquid in the chamber 59 during 
operation of the shock absorber 22, but Such 
movement is small and is not accompanied by 
sufficient agitation to produce mixing of the gas 
saturated liquid at the gas liquid interface to any 3 
appreciable extent with the liquid in contact with 
the flexible sleeve. Therefore the liquid in Con 
tact with the sleeve will have a very low concen 
tration of solution gas and will lose this gas at a 
very low rate to the rubber type material of the : 
sleeve. As a result the loss of gas from the Shock 
absorber will be at a very low rate and it has been 
found that it will retain sufficient gas to be effec 
tive after a year or more. O - - - 

in the embodiment of the invention which is 
illustrated in Figs. 2 to 5 of the drawings, the 
shock absorbing action is attained by exposing 
the exterior of the gas chamber 59 to the pres 
sure obtaining in the production tubing 4. How 
ever, similar results may be obtained by exposing 
the exterior of the gas chamber to the preSSure 
obtaining in the power tubing 20 since any pres 
sure surges originating in the pump are trans 
mitted to both the operating fluid column and 
the production fluid column. 
An embodiment of the invention wherein the 

gas chamber is exposed to fluid preSSure in the 
power tubing 29 is shown in Figs. 6 and 7 of the 
drawings. Referring thereto, I show a shock ab 
sorber 22 which is generally of the Same con 
struction as the shock absorber 22, the various 
components of the shock absorber 22 being iden 
tified by numerals which are greater by one hun 
dred than the numerals used to identify the 
corresponding components of the shock absorber 
22. Thus, the shock absorber 22 includes con 
centric inner and outer tubes 3 and 32 having 
an annular space 33 therebetween, and includes 
a fiexibie sleeve 50 which is sealed with respect 
to the inner tube 3 by ferrules 5, the sleeve 
5) cooperating with the tubes 31 and 32 to 

provide a gas chamber 59 corresponding to the 
gas chamber 59. In the shock absorber 22, the 
gas chamber 59 is exposed to the fluid pressure 
obtaining in the power tubing 20 through aper 
tures 60 in the inner tube 3. Gas losses 
through the fiexible sleeve 50 may be reduced 
by embedding metallic layers therein correspond 
ing to the layers embedded in the flexible sleeve 
50, Also, the gas chamber 59 may be filled with 

() 

40 

60 

65 

70 

75 

10 
liquid to a point Such that the flexible sleeve 
59 is Submerged so as to further reduce gas 

losses. The operation of the shock absorber 22 
is similar to that of the shock absorber 22 and 
Will not be described in detail. 

In actual Operation of my invention, as shown 
in FigS. 1 to 6, inclusive, I have found that the 
life of the pumping equipment is greatly pro 
longed over its normal life with the invention. 
For example, in Several oil wells having severe 
pumping conditions, conventional fluid-operated 
pumps had to be removed approximately every 
forty-five days for the repair or replacement of 
parts, but when the pumps were equipped with 
the present invention they operated successfully 
in the Sane Wells and under the same pumping 
cCnditions for a continuous period of from four 
to five nonths without the repair or replacement 
of any of the pump parts. 
Although I have disclosed exemplary embodi 

ments of the invention herein and have dis 
closed a Specific application of such embodiments 
for purposes of illustration, i do not intend to be 
limited Specifically thereto since the embodiments 
disclosed may be used for other purposes and 
Since various changes, modifications and substi 
tutions may be incorporated therein all without 
necessarily departling from the spirit of the in 
Veration. Consequently, I hereby reserve the right 
to the protection afforded by the full scope of 
the appended claims. 

I claim as my invention: 
1. In a shock absorber for use in a well pump 

ing apparatus comprising a fluid-operated pump 
having first and second tubings connected 
thereto, the first tubing being adapted to convey 
operating fiuid to the pump to operate same 
and the Second tubing being adapted to convey 
from the pump production fluid discharged 
thereby, the combination of: yieldable chamber 
means adjacent the pump; and means for expos 
ing Said yieldable chamber means to fiuid pres 
Sure obtaining in said first tubing at a point in 
close proximity to the pump. 

2. In a shock absorber or use in a well pump 
ing apparatus comprising a fluid-operated pulp 
having first and Second tubings connected 
thereto, the first tubing being adapted to con 
Vey Operating fluid to the pump to operate same 
and the Second tubing being adapted to con 
Vey from the pump production fiuid discharged 
thereby, the combination of: a variable volume 
chamber having a gas therein and connected to 
the pump, and means for exposing the exterior 
of Said chamber to fluid pressure obtaining in 
Said first tubing at a point in close proXinity to 
the pump. 

3. In an apparatus for pumping production 
fluid from a Well, the combination of: a fluid 
operated pump in the well; a first tubing extend 
ing into the well and connected to said Ollo, 
said first tubing being adapted to COnvey Oper 
ating fluid to said pump to operate same; a 
Second tubing extending into the well and con 
nected to Sald pump, said second tubing being 
adapted to convey from said Olip production 
fluid discharged thereby; and Cushioning means 
Connected to Said pump for absorbing fluid preS 
Sure Surges produced thereby, said cushioning 
means including a variable volume chamber hay. 
ing a gas therein, and including means or ex 
posing the exterior of said chamber to fluid preS 
sure obtaining in said first tubing at a point 
in Close proximity to said pump. 

4. In a shock absorber for use in a well pump 
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ing apparatus which includes a fluid-operated 
pump having first and second tubings connected 
thereto, the first tubing being disposed within 
and spaced from the second tubing and being 
adapted to convey operating fluid to the pump 
to operate sane, and the second tubing being 
adapted to convey from the pump production 
fluid discharged thereby, the combination of: a 
variable volume chamber adapted to be posi 
tioned in the second tubing in close proximity 
to the pump and having a gas thereira; and 
means for exposing the exterior of Said chamber 
to fluid pressure obtaining in one of the tubings. 

5. A shock absorber as set forth in clain 2 
wherein said ineans for exposing the exterior of 
said chamber to fiuid pressure complises a plu 
rality of small openings tending to throttle flow 
therethrough. 

6. In a fluid-operated pumping apparatuS for 
a well, the combination of: a fluid-operated pump 
set in the well; a variable-volume chamber con 
taining a gas under pressure, Said chamber hav 
ing a longitudinal passage therethrough and be 
ing connected to said pump with one end of 
said passage in fuid communication with Said 
punlp, said passage being adapted to convey an 
operating fluid under preSSure through said 
chamber to said punp to operate Said pump; a 
first tubing extending into the well and connected 
to Said chamber in fuid Connunication. With 
the other end of Said passage for conveying the 
operating fluid to said passage; a second tubing 
extending into the Well and connected to Said 
pump for conveying from said pump fluid dis 
charged thereby; and means for exposing said 
chamber to the fluid preSSure obtaining in Oile 
of Said tubings at a point in close proximity to 
said chamber. 

7. In a fluid-operated pumping apparatus for 
a Well, the combination of: a fluid-operated pump 
Set in the well; a variable-volume chamber con 
taining a gaS under pressure and having a flex 
ible Wall, said chain be being of annular CrOSS 
Section to provide a central longitudinal passage 
therethrough and being connected to Said punap 
with one end of Said passage in fluid communica 
tion with Said pump, Said passage being adapted 
to Convey an Operating fluid under preSSure 
through said chamber to said pump to operate 
said pump; a first tubing extending into the well 
and connected to Said chamber in fluid con 
munication with the other end of Said passage 
for conveying the operating fluid to said passage; 
a second tubing extending into the well and 
connected to Said pump for conveying from Said 
pump fuid discharged thereby; and passage 
means for exposing said fiexible Wall of Said 
chamber to the fluid pressure obtaining in Ole 
of Said tubings at a point in close proximity to 
said chambel'. 

8. A pumping apparatus according to claim 7 
wherein Said chamber comprises. Concentric in 
ner and outer tubes having an annular space 
therebetween, and wherein Said flexible wail 
comprises a sleeve Sealed at its ends with l'espect 
to one of said tubes, said paSSage means conn 
prising a plurality of apertures in Said one tube 
between the ends of Said Sleeve. 

9. In an appalatuS for pumping production 
fluid from a Well, the Combination of: a fluid 
operated pump in the Well; a first tubing ex 
tending into the Well and connected to Said 
pump, said first tubing being adapted to convey 
operating fiuid to said pump to operate Same; a. 
second tubing extending into the Well and COIl 
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2 
nected to said pump, said Second tubing being 
adapted to convey from said pump production 
illuid discharged thereby; and shock-absorbing 
Yeans Connected to Said pump for absorbing 
fluid pressure Surges in the operating fluid con 
Weyed to said pump through said first tubing so 
as to minimize any tendency of pressure surges 
in the operating fluid to produce racing of said 
pump, Said Shock-absorbing means including 
yieldable means, and including passage ineans 
for exposing said yieldable means to the operat 
ing fluid pressure obtaining in Said first tubing 
at a point ill close proximity to Said pump, Said 
passage means connecting said first tubing to 
Said yieldable means. 

10. In a fluid-operated pumping apparatus for 
a Well, the combination of: a fluid-operated 
pump in the Well; a shock-absorber connected 
to Said pump, Said shock absorber having a 
longitudinal passage therethrough which is coil 
nected at its lower end to Said pump in fluid 
communication therewith and which is adapted 
to convey an operating fluid under pressure 
through Said shock absorber to said pump to 
Operate Said puinp, Said shock absorbel includi 
ing yieldable means; a first tubing extending into 
the Well and connected to said shock absorber 
in fluid coninunication with the upper end of 
Said paSSage for conveying the operating fluid 
to the upper end of Said passage; a second tub 
ing extending into the well and connected to 
Said pump for conveying from said pump fluid 
discharged thereby; and passage means con 
necting Said paSSage to said yieldable means for 
expCSing Said yieldable means to the pressure of 
the operating fluid. 

ll. In a Shock absorber, the combination of: 
an elongated chamber having an axis and hav 
ing a flexible Wall portion at one end thereof, 
Said Wall portion extending along said axis, the 
length of Said flexible Wall portion being less than 
the overall length of said chaimber, said chambel' 
containing a liquid in an amount sufficient to 
Substantially submerge said flexible wall por 
tion but insufficient to fill said chamber when 
Said chamber is vertical With Said one end lower 
most, the balance of said chamber containing a 
gas under pressure. 

12. In a Shock absorber, the combination of: 
a pair of Concentric tubes, a first of said tubes 
having apertures intermediate its ends, a flex 
ible sleeve concentric with said tubes and cover 
ing Said apertures, means for sealing the ends of 
Said flexible sleeve with respect to the first of 
Said tubes, the walls of a second of said tubes 
COOperating With Said flexible sleeve and said 
first of Said tubes to provide a closed chamber, 
the length of Said flexible sleeve being less tha: 
the Overall length of said chamber, said chamber 
containing a liquid in an amount sufficient to 
SubStantially Submerge said flexible sleeve when 
Said chamber is Vertical, the balance of said 
chamber containing a gas. 

13. A Shock absorber according to claim 12 
wherein the first of said tubes is the innermost 
Of Said tubes. 

14. A Shock absorber according to claim 12 
Whereiin the first of said tubes is the outermost 
Of Said tubes. 

CIARENCE J. COBERLY. 

(References on following page) 
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