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This invention relates to counterbalances, and 
more particularly to hydropneumatic counter 
balances for use with oil well pumping rigs. 
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As is well known, it has been the common 
practice for a number of years to counterbalance 
oil well pumping rigs to equalize the power de 
mand during the pumping cycle. This usually 
has been done either by counter-weighting the 
walking beam or by counter-weighting the 
crank shaft from which the pitman is driven. 
Each method possesses advantages over the 
other but the advantages of both methods are 
greatly offset by substantial disadvantages. For 
example, the use of heavy counterweights on the 
walking beam requires the use of a very heavy 
walking beam and the counterweights can be 
adjusted Only with great difficulty. In the case 
of a pitman failure, the weight of the walking 
beam obviously will novel the walking beam 
downwardly and may result in wrecking the 
entire pumping rig and in causing injury to 
workmen unless the downward movement of the 
walking beam is stopped by a conventional 
headache post. 
Rotary counterweights carried by the crank 

shafts have been largely used in recent years 
instead of beam weights because of certain ad 
vantages which they possess, but crank counter 
weights also involve substantial disadvantages, 
Such counterweights are not easily adjustable; 
they add substantially to the load on the crank 
and crankshaft; and they provide the counter 
weighting at a substantial distance from the 
ideal point, namely, adjacent the connection of 
the pump rods to the walking beam. 
In order to overcome the numerous disadvan 

tages of the use of counterweights as counter 
balancing means, it has been proposed in recent 
years to provide pneumatic counterbalancing 
means which operates to store energy on the 
down stroke of the pumping rods and to expend 
energy on the up stroke. Such a mechanism is 
advantageous over conventional counterweight 

For example, the coun 
terbalancing force may be applied substantially 
at the ideal point and lighter parts may be 
used through the elimination of heavy counter 
weights. Thus the use of heavy masses of recip 
rocating or rotating weightS is eliminated and 
the pumping equipment may be made more 
portable and easier to install, and much les 
foundation is required for stability. 
Although advantageous Over the use of coun 

terweights, pneumatic counterbalancing also in 
volves numerous disadvantages. Many wells 

(C. 4-589) 
are pumped night and day and it is essential 
that a counterbalance unit be made as trouble 
free as possible partly because of the fact that 
one pump attendant will frequently have in his 
charge a substantial number of pumping wells 
Scattered over a considerable territory. Pneu 
matic counterbalances provide too many possi 
bilities of failure to render their use practicable 
or desirable. For example, they require the use 
of air compressors which may fall in operation, 
thus resulting in a complete unbalancing of the 
pumping unit, and the same result may occur 
through the springing of a leak in the packing 
of the compressor or in the packing of the 
counterbalance piston. There are numerous 
other disadvantages to pneumatic counterbal 
ancing which need not be referred to in detail. 
In the copending application of Robert Griffin 

De La Mater, Serial No. 157,189, filed August 3, 
1937, there is disclosed a hydropneumatic coun 
terbalance which is highly efficient, practicable 
and trouble proof since it overcomes the disad 
vantages of both the weight and pneumatic 
types of Counterbalances. In the structure of 
the Copending application referred to a vertical 
receiver is provided with a cylinder therein 
sealed at its upper end with respect to the re 
ceiver and open at its lower end for communi 
cation therewith. A plunger is reciprocable in 
the cylinder and the upper end of the plunger 
rod and the bottom of the receiver are respec 
tively connected to the Walking bean and to a 
stationary support whereby downward move 
ment of the plunger will displace fluid from the 
lower end of the cylinder into the receiver. A 
body of a suitable liquid Such as oil is main 
tained in the bottom of the receiver and the 
quantity of oil employed is such that its level 
never reaches the lower end of the cylinder when 
the plunger reaches its upper limit of movement. 
With such a construction, each downward 

movement of the plunger displaces oil from the 
cylinder thus causing the level in the oil in the 
receiver to rise and cause compression of the 
entrapped air or other compressible gas there 
above, thus storing energy to be expended upon 
each up stroke of the plunger. With such an 
apparatus, the entrapped air will remain in 
definitely in the top of the receiver since it never 
reaches the plunger and accordingly cannot leak. 
past the plunger to escape from the apparatus. 
No air compressor is needed with the apparatus 
referred to since upward movement of the 
plunger is utilized to compress air to charge 
the receiver prior to starting the normal oper 
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2. 
ation of the apparatus, and any minor leakage 
of oil which may occur is compensated for by 
automatic means including a reservoir, a small 
oil pump for pumping oil from the reservoir 
to the receiver, and a pressure release by-pass 
ing valve connected in the line between the 
pump and the receiver to by-pass oil from the 
pump to the reservoir at all pressures above the 
maximum pressure at which the valve is ad 
usted. 

... It will be apparent that the pressure release 
valve referred to may be adjusted to determine 
the maximum pressure in the receiver, this 
providing a regulating means therefor and pre 
wenting the accumulation of excess pressure in 
cident to expansion caused by increased ten 
peratures occurring during the day. Moreover, 
the valve maintains the desired Inaximum pres 
sure in the receiver by supplying of thereto to 
compensate for any leakage, which may occur 
as well as any drops in pressure which occur 

The sys 

renders its use highly advantageous over pneu 
natic counterbalances, ... For example, by in 
creasing or decreasing the amount of oil in the 
receiver, pressure differences between minimum 
and maximum can be predetermined as desired. 

In the copending application of Harold W. 
Ramey, Serial No. 163,862, fied September 14, 
1937, there is disclosed a system which is iden 
tical in principle to the system disclosed in the 
copending application referred to above, the dif 
ferences lying in the provision in the counter 
balance of the later fled application of improve 
ments over the system in the earlier fled applica 
tton. 
W. Rameyamanually controllable by-pass is pro 

For example, in the application of Harold 

vided between the receiver and the reservoir to 
permit the drainage of oil from the receiver and 
to permit the manual controlling of naximum 
pressure in the receiver in the event of failure 
of the pressure release valve. ... The structure of 
the Ramey application also includes means for 
supplying oil to the upper end of the cylinder to 
increase the effective length of the plunger to 
provide a higher degree of compression of air 
above the plunger for initially charging the re 
ceiver when the apparatus is used with a short 
stroke pumping unit. The structure of the 
Ramey application also includes, means for cre 
ating a partial vacuum above the plunger dur 
ing the normal operation of the apparatus to in 
crease differential pressures between the fluids 
above and below the plunger to increase the ef 
fective counterbalancing action for a given maxi 
mum pressure within the receiver. 
The structures of the two copending applica 

tions referred to have been found highly advan 
tageous in practice. However, it was found that 
while such structures would provide a remark 
ably uniform maximum pressure in the receiver 
by compensating for leakage of oil and varia 
tions in temperature conditions, in most instal 
lations the variations in pressure due to tempera 
ture changes were not sufficient to noticeably af 
fect the operation of the apparatus. Moreover, 
the pressure release valve employed with the 
structures referred to is a relatively expensive 
piece of equipment which necessarily must op 
erate perfectly to provide the desired, results. 
In the copending application of Harold W. 
Raney, Serial No. 223,737, filed August 8, 1938, 
there is disclosed a similar hydropneumatic coun 
terbalance wherein a pump is employed for supe 

2,238,227 
plying oil to the receiver, but instead of using a 
pressure release valve to supply oil to the re 
ceiver in accordance with pressures therein, a 
reservoir is employed and the apparatus is pro 
vided with means for returning to the reservoir 
all oil which may leak past the plunger. 
in the reservoir admits oil to the pump to be 
transferred to the receiver under pressure when 

A float . 

the level of the oil in the reservoir is above a 
predetermined point, and the level of the oil in 
the reservoir rises only because of the return 
ing thereto of oil leaking past the counterbalance 
plunger. It will be apparent, therefore, that the 
amount of oil pumped to the receiver will always 
exactly equal the amount of oil which leaks past 
the plunger of the receiver. Accordingly the ap 
paratus, after having been provided with the 
desired quantity of oil, will always operate with 
the same quantity of oil therein and pressures in 
the receiver can vary only in accordance with 
changes in temperature conditions which, for 
most installations, is unimportant. Therefore, 
the apparatus of the Raney application Serial 
No. 223,737 is advantageous over the structures 
of the other pending applications referred to in 
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that it eliminates the use of the pressure release by-passing valve. . . . . . . . . . 
An important object of the present invention is 

which embodies the advantages of the structures 
of the copeading applications referred to but 
which is advantageous.thereover for the reason 
that it eliminates the use of the pressure release. 
valve, as is true of application Serial No. 223,737, 
and for the additional reason that it eliminates 
the use of a separate reservoir and also the pump 
for supplying oil to the receiver. - 

More specifically, an important object of the 
invention is to provide a hydropneumatic couns 

2. terbalance the structure of which is confined to 
a single unit and wherein normal parts of the 
counterbalance structure are employed for re 
turning to the receiver all of the oil which may 
leak past the plunger. 
A further object is to provide an apparatus of 

the character referred to wherein upward move 

to provide a hydropneumatic counterbalance 
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ment of the counterbalance plunger is utilized for . 
creating a pressure effective for returning to the 
receiver oil which has leaked therefron. 
A further object is to provide means for utiliz 

ing the counterbalance plunger and cylinder as a 
pump for returning to the cylinder oil which has 
leaked therefrom, wherein downward move 
ment of the plunger creates a partial vacuum to 
draw some of the leaked oil into the cylinder and 
wherein upward movement of the plunger returns 
such oil to the receiver. - 
A further object is to provide a hydropneu 

natic counterbalance having means associated 
therewith for charging the receiver with air un 
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der pressure, and for utilizing the same means 
for returning to the receiver any oil which has 
leaked therefron past the plunger. 
A further object is to provide such an ap 

paratus wherein the means for returning oil to 
the receiver may be utilized for increasing the 
amount of oil in the receiver to increase the dif 
ferential between minimum and maximum pres 
sures in the receiver. 
A further object is to provide an apparatus 

of the character just referred to wherein add 
tional means is employed for reducing the 
amount of oil in the receiver to reduce the dif. 
ferential between minimum and maximum pres 
Sures in the receiver and wherein the same oil 
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2,233,227 3. 
may be readily returned to the receiver if it is The present invention comprises a self-con 
desired to increase the amount of oil therein. tained counterbalance unit indicated as a whole 
A further object is to provide an apparatus by the numeral 8. This unit comprises a prefe. 

wherein pressure is created in the upper end of erably cylindrical receiver 9 having upper and 
5 the cylinder during the up-stroke of the plunger lower heads 20 and 2 preferably welded to the 5 

to return to the receiver oil which leaks past the body of the receiver. A supporting member 22 is 
plunger, and to control and utilize pressures in preferably welded to the bottom head 2 and is 
the upper end of the cylinder to improve the pivotally connected as at 23 to a suitable support 
Operation of the apparatus, 24 preferably mounted upon the usual base of 

10 A further object is to provide such an appa- foundation 25. While the receiver has beca 20 
ratus wherein the pressures in the upper end of shown as an integral part of the counterbalancs . 
the plunger may be utilized in certain installa- unit, it will become apparent that this arranges 
tions and under certain operating conditions for ment is preferred but not essential. 
coratrolling the inertia effects of the pumping ap- A cylinder 26 projects downwardly through 

15, paratus to greatly increase the degree of smooth- an axial opening 27 formed in the upper head is 
ness of operation of the apparatus. 20, the cylinder having an annular enlarges 
A further object is to provide an apparatus portion 23 at its upper end -The latter port E: 

of the character referred to wherein the tendency of the cylinder is provided with an outstandi:g 
of the belt employed for driving the pitman annular flange 29 supported on a ring 30 pref 

20 crank shaft to chatter or vibrate excessively on erably welded in position on the head 20, the is 
the tight side of the belt may be eliminated by flange 9 being secured in position by suitake 
preventing excessive decreases in pressure dif- bolts 3 passing through the ring 30. 
ferentials on opposite sides of the plunger due A bearing 32 is mounted in the upper end : 
to the building up of back pressures above the the cylinder and is provided at its upper eigi 

25 plunger. with a relatively heavy annular flange 33 over- 25 
A further object is to provide means for bleed- lying the upper enlarged end 28 of the cylinder 

ing air from the upper end of the cylinder to and bolted thereto as at 34. The bearing 32 cere 
control back pressures therein. ries a suitable bushing 35 receiving a vertica: 
A further object is to provide a bleeder pipe reciprocable plunger rod 36 to the lower end of 

30 for the purpose just referred to wherein such which is connected a plunger 37. Intermedles 3. 
pipe is connected to the means for returning its ends, the bearing 32 is provided with aga 
leakage oil to the cylinder whereby any oil blow- annular groove 38 forming a flange for a pura 
ing out of the cylinder through the bleeder pipe pose to be described, and the lower extremity of 

- may be returned to the cylinder to prevent the the bearing is of slightly smaller diameter this 
35 loss of such oil. the internal diameter of the cylinder to provide as 

Other objects and advantages of the invention a passage 39 communicating between the cyl 
will become apparent during the course of the inder and the chamber 38. It will be apparent following description. that the plunger 37 reciprocates in the cylinder, 

- In the drawing we have shown two embodi- and the upper end of the plunger rod 36 is piv 
40 ments of the invention. In this showing: otally connected to the walking beam as at is 

Figure i is a side elevation of a standard well to effect reciprocation of the plunger upon GS 
rig showing the invention applied thereto, cillation of the walking beam. 

Figure 2 is a central vertical sectional view Referring to Figure 3, it will be noted that & 
through the counterbalance, parts being broken cap 4 is bolted as at 42 to the upper end of the . 

as away and parts being shown in elevation. bearing 32. Above the bushing 35 a compress is Figure 3 is an enlarged detail sectional view ble packing ring 43 is arranged and this packirig 
of the upper end of the counterbalance cylinder is compressible by a ring 44 engageable against 
showing the oil collecting means associated there- the bottom of the cap 4. An annular changi 
with, - ber or space 45 is defined by the bearing 32. 

50 Figure 4 is a fragmentary central vertical sec- ring 44 and cap 41, and communicates through a 
tional view taken at an angle to Figure 2 show- small passages 46 with a conical recess or basis. 
ing pressure control means for the upper end 47 formed in the top of the cap, and star 
of the counterbalance cylinder, parts being shown rounding the plunger rod 36. The flange 3 is 
in elevation, and, provided with a radial passage 48 communicair 

is Figure 5 is a fragmentary side elevation of ing at its inner end with the chamber 45 for. & 55. 
the lower end of the counterbalance showing a purpose to be described. 
slightly modified form of the invention, parts The casing contains a body 49 of non-con 
being shown in section. pressible fluid, preferably oil, and plugs 50 may 

Referring to Figure 1 the numeral 0 desig- be arranged at different levels in the wall of the 
60 nates a conventional walking beam nonted as receiver to facilitate the initial charging of the 60 

at for oscillation on the upper end 9f acon receiver with oil and to determine the level of 
ventional Sanso post. The Walkingen the otherein. The space above the oil is adapt 
is oscillated in the usual manner by a pitman . ed to be charged with air or other compressible 
3 driven by a crank 4 mounted on the usual fluid and the apparatus embodies means for 

65. ity s As dry i. pumping air into the top of the receiver. Refers 65 
is connected by the usual polished rod carrier ring to Figure 2 it will be noted that the flage 
is to conventional polished rods T. The usual 29 is provided with a passage communicating 
theadache post need not be used in connection with the chamber 8 adjacent the botton there' 
with the present apparatus for a reason which of. A piping connection is connected between to 
will become apparent. While the invention has the outer end of the passage 5 and the top of 
been illustrated as being applied to a conven- the receiver, and check valves 5 are arranged 
tional pumping rig, it will become apparent that in the connection 52 and open outwardly with 
it can be used in connection with any type of respect to the passage 5. While two check 

75 analogous structure. valves 53 have been shown, only one is necessary, 75 
  



4. 2,233,227 
but two are preferably used to insure against 
leakage from the top of the receiver. 
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During initial operation of the apparatus, as 
will be described, upward movement of the plung 
er 37 compresses air to be discharged through 
the connection 52 into the receiver, and upon 
each down stroke of the plunger, air is drawn 
into the cylinder through a piping connection 54. 
The connection 54 is provided with a check valve 
55 opening inwardly with respect to the chamber 
38, and the connection 54 communicates with 
Such chamber adjacent the bottom thereof 
through a radial passage 56 formed in the flange 
29. The lower end of the pipe connection 54 is 
preferably normally plugged as at 57, and near . 
its lower end the piping connection 54 is pro 
vided with a manually operable cut of valve 58. 
In charging the receiver with air, it will be ob 
vious that the plug 5 is removed and the valve 
58 is opened, whereupon each downward move 
ment of the plunger draws air into the cylinder 
through the connection 54 and discharges it to 
the receiver through the piping connection 52. 
The latter piping connection is also utilized, dur 
ing normal operation of the apparatus, for re 
turning to the receiver oil which leaks past the 
plunger 37, and this forms one of the important 
features of the present invention. 

It will be apparent that some slight leakage 
of oil past the plunger 37 will occur, and some 
of this oil will be employed in lubricating the 
plunger rod 36. Slight amounts of oil will be 
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scraped from the plunger rod by the cap 4 dur 
ing downward movements of the plunger rod, and 
this oil will be collected in the basin 47 and will 
flow downwardly into the chamber 45 (Figure 3). 
Means are provided for automatically returning 
such oil to the receiver. 

Referring to Figure 2 the numeral 59 desig 
nates an oil trap as a whole comprising a casing 
60 closed by an upper head 6 and a pipe 62 is 
connected between this head and the radially 
outer end of the passage 48 to receive oil from 
the latter. A pipe 63 leads from the piping con 
nection 54 to the interior of the casing 60 and 
has its inner end turned upwardly and terminat 
ing in a valve seat 64 engageable by a valve 65 
carried by the botton of a float 66. Whenever 
oil collects in the casing 60 to a sufficient extent 
to move the float 66 upwardly to open the valve 
65, oil will be sucked into the pipe 63 when the 
plunger 37 moves downwardly and the head 6 is 
vented to the atmosphere as at 67 to permit oil 
in the casing 60 to flow into the pipe 63. When 
the valve 65 is closed, it will be obvious that no 
air from the vent 67 may flow into the pipe 63. 

In the Copending applications of Robert Griffin 
De La Mater Serial No. 157,189 and Harold W. 
Ramey, Serial No. 163,862, referred to above, the 
level of the oil in the receiver is maintained in 
accordance with pressure conditions therein, and 
automatic means is provided for replenishing the 
oil in the receiver to maintain a fixed maximum 
pressure therein. Such means has associated 
therewith a pressure gage arranged in the piping 
connections associated with the automatic means 
referred to. No such means need be employed in 
the present construction but the receiver is pref 
erably provided with a pressure gage 68 normally 
to cut off from the receiver by a valve 69. The 
receiver is also provided in the bottom thereof 
with a valve 70 to permit the receiver to be 
drained, when desired. 
In Some installations and under some operat 

ing conditions it has been found that a greatly 

improved operation of the apparatus may be pro 
vided by controlling the quantity of air and the 
back pressures in the upper end of the cylinder 
26, and means for this purpose is shown in Figure 
4. The upper end of the cylinder may be pro- 5 
vided with a passage 7 having a piping connec 
tion 2 leading to a passage 73 communicating . 
with the chamber 45. The piping connection 
2 is provided with a check valve 74 opening out-- - - 
Wardly with respect to the passage 7, and a man- 0 
ually controllable valve 75 also is arranged in 
the connection 2. 
As will be explained, the receiver 9 contains 

a body of oil 49 to the proper depth according to 
operating conditions, and the quantity of oil may 5 
be changed to adjust the apparatus for changes 
in working conditions. This may be done by 
opening the valve 70 to release some of the oil 
from the receiver, or the amount of oil in the 
receiver may be increased by introducing oil into 20 
the bottom of the piping connection 54 if the 
valve 58 is opened. If desired, means may be 
provided, as shown in Figure 5 for maintaining 
oil in a position to be drawn into the lower end - 
of the pipe 54. As shown, a pipe connection 76.25. 
leads from the bottom of the receiver to the bot 
tom of a small container TT, and a manually 
controllable valve 78 is arranged in the pipe 76. 
The lower end of the pipe connection 54 extends 
to a point adjacent the bottom of the container 30 
7. 
The operation of the apparatus is as follows: 
When the operation of the apparatus is to be 

started, one of the plugs 50 may be removed and 
oil or other non-compressible fluid may be piped as 
into the receiver, the level of the oil depending 
upon the particular installation, and the plunger 
37 being maintained in its lower position while 
oil is piped into the receiver. 
When the desired amount of oil has been placed 40 

in the receiver, the apparatus is operated to 
charge the top of the receiver with air under 
pressure. This is accomplished by opening the 
valve 58 and removing the plug 57 from the bot 
tom of the pipe 54, whereupon each, downward 45 
movement of the plunger will draw air into the 
upper end of the cylinder and each upward 
movement of the plunger will compress the air 
and discharge it to the receiver through the pipe 
connection 52. In this connection, it will be 50 
noted that the check valve opens inwardly with 
respect to the cylinder 26, and accordingly the 
check valve closes immediately upon the begin 
ning of each up stroke of the plunger. The check. 
valves 53 open outwardly with respect to the 55 

I upper end of the cylinder 26, and accordingly 
they close upon each down stroke of the plunger 
while air is being drawn through the pipe 54 into 
the upper end of the cylinder. 

It will be apparent that as pressure is accu- 60 
mulated in the top of the receiver, each up 
stroke of the plunger must compress the air in 
the upper end of the cylinder to a pressure above 
the pressure in the receiver before the check 
valves 53 will open. Therefore, the check valves 65 
53 open slightly later upon each up stroke of 
the plunger. This is of no importance when the 
unit is being operated at its maximum stroking, 
but in case the stroke is shortened, the pressure 
in the receiver, before the desired pressure is ob- 70 
tained, will equal the maximum pressure which 
can be developed upon each upward movement 
of the plunger 37, and at such time there will be 
no further charging of the receiver with air. 
Under such conditions, the operator may remove 5 
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2,238,227 
the plug , hold an open topped container of 
of over the bottom of the pipe connection , 
and then open the valve it. This operation is 
performed, of course, before the charging oper 
ation commences and each down stroke of the 
plunger will draw oil into the upper end of the 
cylinder and the oil will lie above the plunger 
37 to increase the effective length thereof. In 
other words, when the apparatus is used at a 
stroke shorter than the maximum, oil above the 
plurger will reduce the clearance space above the 
plunger at the top of its stroke, thus permitting 
the plunger to compress air in the upper end of . 
the cylinder to the extent necessary to charge 
the receiver to the desired pressure. 
When the desired pressure in the receiver has 

been attained in the manner described, the sys 
tem is ready for operation as a counterbalance. 
Upon each downward stroke of the plunger , 
the oil or other non-compressible fluid will be 
displaced from the lower end of the cylinder 2 
into the receiver , thus raising the level of the 
oil in the receiver against the pressure of the air 
or other compressible fluid in the top of the re 
celver. Pressure in the receiver increases pron 
gressively upon the downward stroke of the pump 
rods and reaches its maximum pressure when the 
pump rods reach their lowermost position. 

It will be apparent that energy will be stored 
in the compressed fluid above the oil on each 
down stroke of the plunger, and this energy is 
expended on the up stroke of the pump rods to 
assume part of the load of the pump rods and 
the oil being lifted from the well. Thus the 
prime mover which drives the shaft is is re 
quired to perform only a portion of the work 
necessary for moving the pump rods upwardly. 

the maximum upward force exterted by the 
counterbalance is preferably equal to the Weight 
of the pump rods plus half the weight of the 
column of oil being lifted from the well, and at 
the beginning of the up stroke, therefore, the 
force exerted by the prime mover, is the force 
necessary to elevate half the weight of the co 
umn of oil being lifted. The energy required for 
compressing the air in the receiver is theoretical 
ly equal to the energy expended by the Con 
pressed air in forcing the plunger upwardly dur 
ing the up stroke of the pump rods. Therefore, 
the force required to compress the fluid above the 
oil in the receiver on the down stroke of the pump 
rods is equal to the weight of the pump rods plus 
half the weight of the oil which is lifted on each 
up stroke of the pump rods. Accordingly the 
prime nover, when the plunger reaches the point 
of naximum compression of the air in the re 
ceiver, exerts a force equal to half the weight of 
the column of oil which is lifted from the well 
on each up stroke of the pump rods. It will be 
apparent therefore, that the prine mover is 
called upon to exert approximately the same force 
on the up and down strokes of the plunger 3, 
thus rendering far more uniform the power der 
mands which are made on the prine nover 
throughout each cycle of operation. 

It will be apparent that variations in the 
pressures in the receiver at any given point in 
the movement of the plunger 37 will occur due 
to expansion and contraction incident to tem 
perature changes and due to the relatively small 
leakage of oil which occurs past the plunger 37. 
In the copending applications of Robert Griffin 
De La Mater Serial No. 157,189 and Harold W. 
Raney, Serial No. 163,862, leakage past the . 
plunger of the counterbalance Wes not directly 

taken into consideration in maintaining proper 
pressures in the receiver since in each case the 
apparatus functioned automatically to maintain 
pressures regardless of the causes of variations 
in pressure. As previously stated, such mechar. 
nisms required the use of the reservoir, a pump 
for positively transferring oil from the reservoir 
to the receiver, and a pressure release wave for 
determining the operativeness of the pump for 
supplying oil to the receiver. . 
While each of the mechanisms referred 

highly efficient in operation, it was found that in 
most installations changes in pressure due to 
temperature changes were not sufficiently serious 
to require that they be compensated for. Ac 
cordingly the apparatus disclosed in the Copends 
ing application of Harold W. Ramey, Serial No. 
223,737, referred to above, was developed. Such 
apparatus eliminates the use of a pressure release 
wave connected between the pump and the re 
ceiver, but employed a pump and a reservoir with 
means for transferring to the latter any of which 
leaked past the plunger of the counterbalance. 
As oil accumulated in the reservoir, its increased 
depth above a predetermined level represented 
the exact amount of leakage of oil from the re 
ceiver, and a float in the reservoir would opers 
ate to supply to the pump the necessary amount 
of oil to exactly replenish the receiver with ol 
to replace the oil which had leaked past the 
plunger. . . 
The present construction is advantageous over 
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the Ramey application just referred to in that it 
eliminates the use of a reservoir as a unit separate 
from the counterbalance and it eliminates the use 
of a separate pump for pumping to the receiver 
the necessary amount of oil to compensate for 
leakage therefrom. The leakage past the plunger 

takes place at a very slow rate, but a pumping 
apparatus usually is operated steadily over long 
periods of time and leakage past the plunger . 

During the therefore becomes a serious matter. 
normal operation of the present apparatus the 
valve 8 is maintained closed to prevent any 
air from being drawn into the top of the cylin 
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der 2. Oil which leaks past the plunger will 
accumulate thereon, of course, and when this 
oil reaches the slight depth necessary for it to 
be forced upwardly as far as the passage 
(Figure 2) at the upper limit of the stroke of 
the plunger 7, the pressure. generated by the 
up stroke of the plunger will cause oil to be 
puanped through the passage 5 and through the 
pipe 2, to be returned to the receiver f). There . . . 
fore it is unnecessary to drain this oil to a sep 
arate reservoir as disclosed in the several co 
pending applications referred to. r 
Oil leaking past the plunger will lubricate-th 

plunger rod and its bearing bushing SU, and 
upon each down stroke of the plunger a few drops 
of oil will be scraped from the plunger rod by 
the cap his oil is collected by the recess 

5 

or basin and flows downwardly through the 
passages 4S into the chamber 45. From this 
chamber the oil flows by gravity through pipe 2 
to the trap E0. ! 
The valve 65 is normaliy closed, thus pre 

venting the admission of air into the pipe 3. 
If any air were admitted into this pipe it would 
be drawn through the pipe ceaection into 
the cylinder upon each town stroke of the 
plunger. T, and each upstroke of the plunger 
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would force more air through the pipe connec 
tion 52 into the top of the receiver to increase. 
the pressure therein. When oil accianulates in 
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the 
float , the wave will slightly open to permit 
oil to flow into the pipe 63, the valve 65 closing 
As soon as the old level in the trap ceases to Sup 
port the float . Oil flowing into the pipe 63 
will be drawn through the pipe 54 into the top 
of the cylinder 2 and will be returned to the re 
ceiver, when the plunger 37 is at the top of its 
stroke, through the pipe connection 52. 
From the foregonig it will be apparent that 

the present apparatus provides a self-contained 
unit for counterbalancing a walking beam, it be 
ing unnecessary to employ an oil pump, a pres 
sure release. Wave, Or an oil reservoir as a sepa 
rate unit from the counterbalance. The exact 
amount of oil leaking past the plunger 37 will 
always be compensated for by the return of such 
oil to the receiver this maintaining a constant 
smount of oil therein. Of course, there will be 
some slight differences in pressures due to 
changes in temperature conditions, but in most 
installations, these differences in pressures need 
not be compensated for. It is necessary to com 
pensate for leakage of oil past the plunger since 
such leakage, over a long period of operation of 
the pumping apparatus, will be quite shstartial. 
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It will be apparent that the greater the quan 
tity of oil in the receiver the greater Will be the 
differential between minimum sad thaximum 
pressures at opposite ends of the stroke of the 
plunger . Conversely, a reduction in the quan 
tity of oil in the receiver will reduce the differ 
ential between minimum and maximum pres 
asures. The present apparatus. provides means 
whereby the quantity of oil in the receiver read 
ily may be changed to vary the difference be 
tween minimum and maximum pressures in ac 
cordance with changes in operating conditions. 
Referring to Figure 2 it will be apparent that if 
it is desired to reduce the differential between 
minimum and maximum pressures it merely is 
necessary to open the valve and drain some 
of the oil from the receiver. This drainage of 
of obviously will reduce the maximum pressure 
which again may be increased merely by remov 
ing the plug and opening the valve 5 to 
charge the top of the receiver with more air 
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until the desired reading is secured on the gage 
it. In this connection, attention is invited to 
the fact that the use of the plug 57 is wholly un 
necessary, but its use is preferred since it pro 
vides a positive seal against the leakage of air 
into the pipe 4 if there should be any leakage 
past the valve 8. 

If it is desired to increase the differential be 
tween minimum and maximum pressures, the 
operator may remove the plug is, hold a con 
tainer of oil at the bottom of the pipe 54 with 
the lower end of the pipe immersed in the oil, 
and then open the valve 8 until the desired 
amount of oil has been drawn through the pipe 
4. Oil will be drawn through the pipe 54 into 
the upper end of the cylinder 2 upon each down 
stroke of the plunger 37 and will be discharged 
upon the up stroke of the plunger through the 
pipe connection 2 into the receiver. When the 
desired amount of oil has been supplied to the re 
ceiver, the valve may be closed. Accordingly 
it will be apparent that the pipe connections 52 
and 4 and associated elements form means for 
charging the receiver with air; means for return 
ing to the receiver all of the oil which leaks past 
the plunger 7; and means for increasing the 
armount of oil in the receiver when it is desired 
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trap 6 to the depth necessary ?o support the to increase the differential between minimum and 
maximum pressures. . 

If desired, the arrangement shown in Figure. 5 
may be employed for reducing the amount of oil 
in the receiver or for increasing it. When it is 5 
desired to decrease the amount of oil in the re ceiver, the valve is may be opened to permit oil 
to flow from the receiver into the container 17, 
the valve 8 being closed after the quantity of . . . 
oil in the receiver has been reduced to the desired 
extent. Oil in the container TT provides a ready 
source of oil when it is desired to increase the 
amount of oil in the receiver, it merely being 
necessary to open the valve 58 whereupon oil 
will be drawn through the pipe 54 to be pumped 
into the receiver as described in connection with 
the structure in Figure 2. 
As is true of the structures of the copending 

applications referred to, the present invention 
adds nothing to the weight of the Walking beam, 
and thus permits the use of a much lighter walk 
ing beam, and the counterbalance applies the 
counterbalancing force at a point close to the 
point where work is performed. It also will be 
apparent that downward movement of the plung 
er is limited, and accordingly the apparatus acts 
as a headache post to limit the downward move 
ment of the adjacent end of the walking beam, 
thus eliminating the necessity for using conven 
tional headache posts. 

Particular attention is invited to the impor 
tance of the use of the bleed line T2 and its con 
trol valve 75, this means being useful under cer 
tain conditions, particularly during the normal 
operation of the apparatus. It has been found 
that regardless of the type of oil used in the ap 
paratus, the subjection of the oil to substantial 
pressures causes the aeration of the oil, thus 
causing the oil to assume a foamy consistency 
when the pressure is released. This character 
istic of the oil does not affect the functioning 
of the oil in the receiver to any noticeable ex 
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tent for the reason that this oil is always main 
tained under sufficient pressure to prevent sub 
stantial expansion of the oil under the influence 
of the air entrained therein. The aeration of 
the oil must be given serious consideration, how 
ever, in the functioning of the compression cham 
ber, that is, the space above the plunger 37. 

In the preferred practice of charging the re 
ceiver, the walking beam is oscillated before be 
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ing connected to the polished rods, the valve 8" 
being opened and the plug 57 removed to admit 
air into the compression chamber on each down 
stroke of the plunger. Upon each up-stroke of 
the plunger air is compressed and discharged 
Over into the receiver to build up pressure there 
in. It will be apparent that the clearance space 
above the plunger. 37 determines the maximum 
pressure which can be built up in the compres 
sion chamber and this pressure under any condi 
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tions obviously is sufficient to discharge air over 
into the receiver when the charging operation 
is started. It is desired to reduce the clearance 
space above the plunger when the latter is at 
the upper limit of its stroke, during the charg 
ing operation, for two reasons, namely, in order. 
to increase maximum pressures in the Compress 
sion chamber to reduce the time required for 
charging the receiver, and to insure the develop 
ment of sufficient pressure in the compression 
chamber to fully charge the receiver to its min 
imum pressure. w 

For this reason oil is introduced into the 
compression chamber in an amount sufficient to 
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raise the level of the oil approximately to the 
level of the passages 5 and 56 when the plunger 
is at the upper limit of its stroke, in which case 
maximum pressures in the compression chamber 
can be developed upon each up-stroke of the 
plunger. As previously stated, each down-stroke 
of the plunger during the charging operation, 
draws air into the compression chamber, and 
it is this air which is compressed to be discharged 
over into the receiver. Due to the characteris 
tics of the oil as explained above, a certain 
amount of the air upon each up-stroke of the 
plunger Will be entrained in the oil and when 
the plunger moves downwardly to create a par 
tial vacuum and draw more air into the con 
pression chamber, the oil in such chamber will 
expand. It is believed that the up-stroke of the 
plunger does not completely reduce the oil to its 
normal volume at the upper limit of the plunger 
stroke, and accordingly some little oil will pass 
over into the receiver during each reciprocation 
of the plunger. 
As a result, oil is gradually lost from the com 

pression chamber by being pumped over into 
the receiver and while this action increases the 
quantity of oil in the receiver, the increase is 
proportionately so small as to cause no notice 
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able difference in the normal operation of the 
counterbalance. The loss of the oil from the 
compression chamber, however, sometimes seri 
Ously affects the charging operation since the 
loss of oil from the compression chamber obvi 
ously increases the clearance space therein and 
the maximum pressure which can be developed 
in the compression chamber obviously is de 
pendent upon the clearance space therein at the 
top of each plunger stroke. 
This matter may be more clearly understood 

from consideration of a typical installation and 
the conditions existing thereunder. For exam 
ple, in a given installation, the desired maximum 
receiver pressure may be 400 lb. per square inch 
and the minimum pressure 300 lb. per square 
inch. This minimum pressure may be easily and 
quickly built up in the receiver if, the clearance 
space in the compression chamber is maintained 
relatively small. Assuming that 3 quarts of oil 
are added to the compression chamber to reduce 
the clearance space therein to zero (except for 
the fixed clearance space 38) this quantity of oil 
soon may be reduced one-half by the loss of oil 
due to the aeration and expansion of the cil 
and the pumping thereof to the receiver with 
the air. Under such conditions, the increase in 
the clearance space in the compression cham 
ber will be such that air will not be compressed 
upon each up-stroke of the plunger to a pressure 
in excess of 300 lb. per square inch, which is 
necessary in Order to fully charge the receiver. 
in the particular installation being considered. 
Assuming that this. condition occurs, the op 

erator will close the valve 58 to prevent the ad 
mission of more air into the compression cham 
ber, and will open the bleeder valve 75. Upon 
each up-stroke of the plunger 37, therefore, some 
air will be discharged from the compression 
space through the pipe 2 until approximately 
atmospheric pressure will exist in the compres 
slon chamber at the top of the plunger stroke. 
The operator then may close the valve 75 (al 
though this is not wholly necessary as will be 
corne apparent) and will open the valve 58 while 
holding a container of oil at the bottom of the 
ripe 54, whereupon cach down-stroke of the 

7 
plunger will create a partial vacuum to draw 
oil into the compression chamber and thus re 
duce the clearance space therein to the point. 
where the pressure built up in the compression 
chamber will be sufficient to discharge air Over 5 
into the receiver to establish the desired mini 
mum pressure therein. It will be obvious that 
in the form of the invention shown in Figure 5, 
oil may be maintained in the receptacle to 
supply the desired amount of oil under the con 
ditions just described. . 
The foregoing charging operation is assumed 

to have been carried out with the walking beam 
disconnected from the polished rod. It is not 
necessary that the charging operation to be com 
pleted to establish the desired minimum receiver 
pressure before connecting the walking beam to 
the polished rods. As soon as the counterbal 
ance pressure reaches a point where its reaction 
is approximately equal to the weight of the pol 
ished rods, which may be at about 275 lb. per 
square inch minimum, the unit may be shut down 
and the walking beam connected to the polished 
rods. With the valve 58 left open, the operation 
of the unit is continued until the minimum coun 
terbalance pressure is built up, which pressure 
may be 300 lb. per square inch in the particular 
installation being considered. When such mini 
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mum counterbalance pressure has been estab 
lished, the air intake valve 58 will be closed and 
the counterbalance will operate in its normal and 
intended manner. 
Assuming that normal operation of the ap 

paratus is started with a relatively small clear 
ance Space, existing in the compression cham 
ber, it will be apparent that some air in most 
cases will leak into the compression chamber. 
Such leakage occurs past the bearing 35 and it 
also will be apparent that some air may leak 
past the valve 58, particularly if this valve is 
carelessly closed. It is also possible that a lag 
in the closing of the float valve 65 may result 
in a slight leakage of air into the pipe 63. As 
Suming that such leakage occurs, and it actually 
does occur in many installations, there will be 
a gradual increase in the quantity of air present 
in the compression chamber. 
At the beginning of the normal operation of 

the apparatus and before the leakage of air into 
the compression chamber has progressed to a 
noticeable extent, it will be apparent that the 
minimum counterbalance action will be provided 
when the plunger 37 is at the top of its stroke 
and during most of the stroke of the plunger 
the pressure in the compression chamber will 
be at atmospheric or sub-atmospheric pressure. 
The fact that sub-atmospheric pressure exists . 
during a greater portion of the stroke of the 
plunger obviously will tend to cause leakage of 
air into the compression chamber. As this leak 
age progresses, it will be apparent that pressures 
in the compression chamber at the upper limits 
of the plunger stroke will gradually increase, 
thus gradually decreasing differential pressures 
affecting opposite faces of the plunger 3. De 
pending upon the amount of oil remaining in . 
the compression chanber, the pressure therein, 
as the leakage of air continues, will approach a 
maximum equal to the minimum receiver pres 
sure and above such pressure it will be obvious 
that air will be discharged over into the receiver. 
Assuming that this occurs, it has been found 
that the quantity of air pumped into the re 
ceiver, except in extreme cases, will be so slight 
as to cause no noticeable difference in the coun 
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terbalancing effect. If the pumping of addi 
tional air to the receiver tends to cause an objec 
tionable increase in the minimum pressure in 
the receiver, the operator may "crack' the bleed 
valve 75 to release air from the compression 
chamber approximately at a rate equal to the 
rate of leakage of air into the compression 

, chamber, in which case no air will be pumped 
O 
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Over into the receiver. 
If this procedure is followed, it will be ap 

parent that substantial back pressure will exist 
in the compression chamber and this back pres 
sure may be advantageous or disadvantageous 
depending upon the particular installation, and 
in any event, it can be properly controlled by 
the bleeder valve 75. It will be apparent that 
upon each down stroke of the plunger, pressure 
will be built up in the receiver and the increas 
ing pressures will offer increasing resistance to 
the movement of the plunger, thus cushioning 
the movement of the walking beam to assist 
in deceleration thereof and tending to overcome 
the inertia of the parts when the walking beam 
reaches the limit of its stroke. The compression 
of the air in the receiver during downward move 
ment of the plunger stores energy which is ex 
pended during the up-stroke of the plunger to 
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provide the desired counterbalancing action. If 
the clearance in the compression chamber is 
negligible, the energy stored in the receiver will 
exert a force tending to lift the plunger through 
out its upward stroke, Substantially to the top 
limit thereof, although the force exerted will 
progressively diminish as the pressure in the re 
ceiver approaches minimum. 

However, if the compression chamber is "air 
locked,' that is, if the quantity of air above the 
plunger is such that it will not be raised to a 
pressure sufficient to be discharged into the re 
ceiver at the upper limit of the plunger stroke, 
it will be apparent that the effective counter 
balancing action will be greatly reduced. In 
other words, during the upward movement of the 
plunger the pressure in the receiver will be pro 
gressively reduced as previously described, but 
on the other hand, substantial back pressures 
will be present in the compression chamber 
throughout the greater portion of the plunger 
stroke. For example, assuming that the mini 
mum receiver pressure is 300 lb. per square 
inch, the compression chamber may contain so 
much air that the pressure therein will vary from 
10 lb. below atmosphere for example, at the 
bottom of the plunger stroke to a little less than 
300 lb. per square inch at the top of the plunger 
stroke. Accordingly it will be apparent that 
throughout most of the up-stroke of the plunger 
super-atmospheric pressure will be present and 
it necessarily follows that differential pressures 
on opposite sides of the plunger will be very rap 
idly reduced as the plunger approaches its upper 
limit of movement. . 
This back pressure is highly advantageous in 

some installations. 
operating at a speed faster than 10 strokes per 
minute, the back pressure not only may be per 
mitted to remain in the compression chamber. 
but will be quite advantageous in overcoming 
the inertia of the parts. As pointed out, the 
building up of pressure in the receiver on the 
down-stroke of the plunger tends to overcome 
the inertia of the parts at the lowermost limit 
of movement of the polished rods, and in a simi 
iar manner, the building up of pressure in the 
compression chamber as the polished rods ap 

For example, if the unit is . 
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proach their upper limit of movement likewise 
advantageously provides a decelerating effect 
overcoming inertia and improving the smooth 
ness of operation of the apparatus. 
At the top of the stroke of the reciprocating 

parts, such parts tend to continue to move up 
wardly by inertia. Ordinarily, this throws a 
shock load on the pitman assembly at the ex 
treme end of the stroke, as the load on the pit 
man changes from tension to compression. Un 
der high speeds, at the top of the stroke, the 
upward force due to inertia may be even greater 
than the weight of the parts themselves plus the 
reaction of the counterbalance and the resulting 
shock load may be materially reduced if the 
counterbalance reaction is reduced. The back 
pressure in the compression chamber, as previ 
ously stated, will act as a decelerant during the 
last half of the up-stroke, and after the cranks 
have crossed Center and the beam begins its 
downward travel the expanding air in the com 
pression chamber will act as an accelerant. 
Therefore, during the last half of the up-stroke 
the beam will be decelerated and during the first 
half of the down-stroke the beam will be accel 
erated, and accordingly it will be apparent that 
back pressure in the counterbalance materially 
assists in stabilizing the action of the unit. 
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In other installations, however, for example, 
in a unit operated at 10 strokes or less per min 30 
ute, the inertia of the parts is not a serious ques 
tion and the reaction provided by back pressure 
in the compression chamber against the receiver 
pressures may be wholly disadvantageous. Un 
der such conditions, the operator may "crack' 3: 
the valve 75 in which case air will gradually es 
cape from the compression chamber until a pres 
sure only slightly above that of the atmosphere 
will exist in the compression chamber at the top 
of each stroke of the plunger 37. During the 
greater portion of the downward travel of the 

40 

plunger, therefore, sub-atmospheric pressure will 
exist in the compression chamber to increase the 
counterbalancing action, pressures in the re 
ceiver under such conditions being effective 
throughout substantially the entire upward 
stroke of the plunger for assisting such move 
ment. Any intermediate conditions may be ob 
tained by properly controlling the valve 75. This 
valve may be adjusted so that the leakage there 
through approximates the leakage of air into 
the compression chamber, in which case air 
pumped through the valve 75 upon each upward 
movement of the plunger will be approximately 
equal to the air leaking into the compression 
chamber upon each downward movement of the 
plunger, thus maintaining the same conditions 
in the apparatus. It also will be apparent that 
the valve 75 may bleed air from the compression 
chamber even during the charging operation, 
in which case the operation of charging the re 
ceiver will not be materially affected since ap 
proximately 95 per cent. of the air drawn into 
the compression chamber will be discharged over 
into the receiver, with only approximately 5 per 
cent. of the air escaping through the valve 75. 

Infinitely variable loadings are encountered in 
pumping oil from different wells and the load 
ings which will be encountered on a well of given 
depth cannot be definitely forecast. The provi 
sion of a single type of counterbalance capable of 
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taking care of variable conditions encountered 
therefore constitutes quite a serious problem. 
The present apparatus very effectively solves such 
problems because of its versatility not only with 
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2,288,327 
respect to wells of different depths but with re 
spect to varying conditions in Wells of the same 
depth. , 

In a great many installations it is wholly un 
necessary to use the bleedet Srrangement at all 
since the presence of back pressures in the com 
pression chamber is advantageous. On the other 
hand there are many installations in which the 
use of the bleeder means renders the operation 
of the unit materially smoother and more satis 
factory. This fact, together with the fact that 
the counterbalance pressure differential may be 
varied between wide limits by varying the ol 
level in the receiver renders the present Con 
struction highly advantageous for use regardless 
of the depth of any particular well or the operat 
ing conditions encountered therein. 
The controlling of the back pressure in the 

compression chamber also is useful for another 
reason. When a unit is running under maxi 
mum load conditions at the longest stroke and 
at a speed of 6 to 8 strokes per minute, the de 
crease in pressure differentials between the up 
per and lower faces of the plunger 37 due to sub 
stantial back pressure in the compression cham 
ber may throw an excess loading on the driving 
mechanism for the crank shaft during the 
latter part of the up-stroke, thereby causing the 
drive belts to chatter, or rather vibrate exces 
sively on the tight side of the belts. Under such 
conditions, it is advisable to relieve the back pres 
sure, and this obviously can be readily accome 
plished with the present apparatus by opening 
the bleed valve 75. . . . . 

It will be apparent that some oil will flow out 
through the port 7, and this is particularly true 
when the receiver is being charged with air in 
the manner previously described. As stated, if 
sufficient oil is present above the plunger 8 to 
substantially reduce the clearance space at the 
upper limit of the plunger stroke, the oil will be 
come aerated and will expand on the down stroke 
of the plunger. On each up-stroke of the plung 
er slight amounts of oil will be blown through the 
port 7 due to the fact that the increasing pres 
sures occurring during upward Inovement of the 
plunger 37 will not fully restore the oil to its 
normal volume. Of course, some oil also will be 
blown through the passage during the nor 
mal operation o the apparatus, particularly 
when it is being operated without substantial 
back pressure. It is highly desirable to prevent 
the loss of oil through the passage if, and ac 
cordingly the pipe 2 is employed for conduct 
ing the escaping oil to the chamber 4 (Figure 3) 
the air blowing through the pipe 2 escaping 
through the drain openings 46. Any oil which 
escapes through such Openings with the air will 
collect in the recess 4 and will subsequently 
drain back into the system in the nanner previ 
ously described. 

It is to be understood that the forms of the 
inventirr berewith shown and described are to 
be taken as preferred examples of the same and 
that various changes in the shape, size and ar 
rangement of parts may be resorted to without 
departing from the spirit of the invention or the 
scope of the subjoined claims. 
We claim: 
1. A counterbalance for parts having uniform 

relative movement, comprising a receiver, a cyl 
inder, a plunger reciprocable therein, said re 
ceiver being adapted to contain a non-compres 
sible fluid extending into one end of said cylin- . 
der to be displaced therefrom upon movement of 

9 
said plunger in one direction, and means for uti 
lizing reciprocating movement of said plunger 
for supplying non-compressible fluid directly to 
said receiver. 

2. A counterbalance for parts having uniforn 
relative movement, comprising a receiver, a ver 
tical cylinder, a plunger reciprocable therein, said 
receiver being adapted to contain a non-COImpres 
sible fluid extending into the lower end of said 
cylinder to be displaced therefrom upon down 
ward movement of said plunger, and means for 
utilizing upward novement of said plunger for 
supplying non-compressible fluid to said re 
ceiver. 

3. A counterbalance comprising a receiver, a 
plunger reciprocable therein, said receiver being 
adapted to contain a non-compressible fluid ex 
tending into one end of said cylinder to be dis 
placed therefron upon movement of Said plunger 
in one direction, a source of non-compressible 
fluid, and means including flow connections be 
tween said source and said receive for utilizing 
reciprocation of said punger for transferring 
non-compressible fluid from said source to said 
receive, 

4. A counterbalance for parts having uniform 
relative movement, comprising a receiver, a cyl 
inder having one end communicating with said 
receiver, a plunger reciprocable in said cylinder, 
Said receiver being adapted to contain a body of 
a non-compressible fiuid at least partially filling 
said receiver and extending into said end of said 
cylinder to be displaced therefrom by said plung 
er, said non-compressible fluid trapping a body 
of a compressible fluid in the top of said receiver, 
and means for utilizing Variations in pressure in 
the other end of said cylinder incident to re 
ciprocating novement of said plunger for sup 
plying non-compressible fluid to said receiver. 

5. A counterbalance comprising a receiver, a 
cylinder having one end communicating with said 
receiver, a plunger reciprocable in said cylinder, 
said receiver being adapted to contain a body of 
a non-compressible fluid at least partially filling 
said receiver and extending into said end of said 
cylinder to be displaced therefrom by said plung 
er, said on-compressible fluid trapping a body 
of a compressible fluid in the top of said receiver, 
a source of non-compressible fluid, means for 
conducting such fluid from said source to the 
other end of said cylinder, and a single means for 
conducting non-compressible fluid frofin said 
other end of said cylinder, said last named means 
being connected directly to said receiver. 

6. A conterbalance comprising a receiver, a 
cylinder. having one end cornmunicating with 
said receiver, a plunger reciprocable in said cyl 
inder, said receiver being adapted to COntain a 
body of a non-compressible fluid at least partial 
ly falling said receiver and extending into said 
end of said cylinder to be displaced therefron by 
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said plunger, said non-compressible fluid trapping 
a body of a compressible fluid in the top of said 
receiver, a single means for conducting fluid from 
the other end of said cylinder, said means being 
connected to said receiver, and means independ 
ent of said last named means for supplying non 
compressible fluid to the last named end of said 
cylinder. 

7. A counterbalance comprising a receiver, 
a cylinder having one end communicating with 
said receiver, a plunger reciprocable in said cylin 
der, said receiver being adapted to contain a body 
of a non-compressible fluid at least partially 
filling said receiver and extending into said end 
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O 
of said cylinder to be displaced therefrom by 
Said plunger, said non-compressible fluid trap 
ping a body of a compressible fluid in the top of 
said receiver, a connection for supplying non 
compressible fluid to the other end of said cyl 
inder, a check valve in said connection opening 
inWardly with respect to said cylinder, and a 
connection between the second named end of said 
cylinder and said receiver, said last named con 
nection having a check valve therein opening 
Outwardly with respect to said cylinder. 

8. A counterbalance comprising a receiver, 
a cylinder having one end communicating with 
said receiver, a plunger reciprocable in said cyl 
inder, said receiver being adapted to contain a 
body of a non-compressible fluid at least par 
tially filling said receiver and extending into said 
end of said cylinder to be displaced therefrom 
by Said plunger, said non-compressible fluid trap 
ping a body of a compressible fluid in the top 
of Said receiver, a connection for supplying non 
compressible fluid to the other end of said cyl 
inder, a check valve in said connection opening 
inwardly with respect to said cylinder, a con 
nection between the second named end of said 
cylinder and said receiver, said last named con 
nection having a check valve therein opening 
outwardly with respect to said cylinder, and a 
manually operable valve normally closing said 
first named connection to the atmosphere. 

9. A counterbalance comprising a receiver, 
a cylinder having one end communicating with 
said receiver, a plunger reciprocable in said cyl 
inder, said receiver being adapted to contain a 
body of a non-compressible fluid extending into 
Said end of said cylinder to be displaced there 
from by said plunger, an inlet connection com 
municating with the other end of said cylinder, 
a manually operable valve controlling communi 
cation between said inlet connection and the at 
mosphere, means for delivering non-compressible 
fluid to said inlet connection between said valve 
and the second named end of said cylinder, and 
an outlet Connection communicating between the 
Second named end of said cylinder and said re 
ceiver. 

10. A counterbalance comprising - a receiver, 
a cylinder having one end communicating with 
said receiver, a plunger reciprocable in said cyl 
inder, said receiver being adapted to contain a 
body of a non-compressible fluid extending into 
said end of said cylinder to be displaced there 
from by said plunger, an inlet connection com 
municating with the other end of said cylinder, 
a manually operable valve controlling communi 
cation between said inlet connection and the at 
mosphere, a branch pipe leading to said connec 
tion and having a valve seat, a container for 
non-compressible fluid in which said valve seat 
is arranged, a float in said container, a valve 
carried by said float and engageable with said 
Seat, and an outlet connection communicating 
between the second named end of said cylinder 
and said receiver. 

11. A counterbalance comprising a receiver, 
a substantially vertical cylinder having a bear 
ing at its upper end and having its lower end 
communicating with said receiver, a plunger re 
ciprocable in said cylinder and having a plunger 
rod mounted in said bearing, said receiver being 
adapted to contain a body of a non-compressible 
fluid extending into the bottom of said cylinder 
and trapping a body of a compressible fluid in 
the top of said receiver, means for collecting 
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above said bearing, means for delivering the 
collected fluid to the upper end of said cylinder, 
and means for delivering non-compressible fluid 
from the upper end of said cylinder to said re 
ceiver. 

12. A counterbalance comprising a receiver, 
a substantially vertical cylinder having a bear 
ing at its upper end and having its lower end 
communicating with said receiver, a plunger re 
ciprocable in said cylinder and having a plunger 
rod mounted in said bearing, said receiver being 
adapted to contain a body of a non-compressible 
fluid extending into the bottom of said cylinder 
and trapping a body of a compressible fluid in 
the top of said receiver, an annular receptacle 
Surrounding said plunger rod above said bearing 
for collecting non-compressible fluid from said 
plunger rod, a pipe connection leading to the 
upper end of said cylinder and having a check 
valve opening inwardly with respect to said cyl 
inder, said pipe connection being normally closed 
to the atmosphere, means for delivering non 
compressible fuid from said receptacle to said 
pipe connection, and a conduit connected be 
tween the upper end of said cylinder and said 
receiver and provided with a check valve opening 
Outwardly with respect to said cylinder. 

13. A counterbalance comprising a receiver, 
a substantially vertical cylinder having a bear 
ing at its upper end and having its lower end 
communicating with said receiver, a plunger 
reciprocable in said cylinder and having a plung 
er rod mounted in said bearing, said receiver 
being adapted to contain a body of a non-con 
pressible fluid extending into the bottom of said 
cylinder and trapping a body of a compressible 
fluid in the top of said receiver, an annular re 
ceptacle surrounding said plunger rod above said 
bearing for collecting non-compressible fluid 
from said plunger rod, a pipe connection lead 
ing to the upper end of said cylinder and having 
a check valve opening inwardly with respect to 
Said cylinder, a manually operable valve control 
ling communication between said pipe connec 
tion and the atmosphere, a container communi 
Cating With said pipe connection between the 
valves therein, means for delivering non-com 
pressible fluid from said receptacle to said con 
tainer, a float controlled valve mechanism in 
said container, a conduit communicating between 
the upper end of said cylinder and said receiver, 
and a check valve in said conduit opening out 
Wardly with respect to said cylinder, 

i4. A counterbalance comprising a vertical re 
ceiver, a vertical cylinder projecting into said re 
ceiver from the upper end thereof and having its 
lower end open for communication with said re 
ceiver, a plunger reciprocable in said cylinder, 
said receiver being adapted to contain a body of a 
non-compressible fluid extending into the bottom 
of said cylinder to be displaced therefrom upon 
downward movement of said plunger, a conduit 
leading to the upper end of said cylinder and 
having a depending end provided with a manual 
valve controlling communication between said 
conduit and the atmosphere, said conduit having 
a check valve between said manual valve and 
the upper end of said cylinder opening inwardly 
with respect to said cylinder, and means for 
utilizing pressure generated by upward move 
ment of said plunger for transferring non-com 
pressible fluid from the upper end of said cyl 
inder to said receiver. 

15. A counterbalance comprising a vertical re 
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receiver from the upper end thereof and having 
its lower end open for communication with said 
receiver, a plunger reciprocable in said cylinder, 
said receiver being adapted to contain a body of 
a non-compressible fluid extending into the bot 
ton of said cylinder to be displaced therefrom 
upon downward movement of said plunger, a con 
duit leading into the upper end of said cylinder, 
a check valve in said conduit opening inwardly 
with respect to said cylinder, a manually con 
trollable valve for controlling communication be 
tween Said conduit and the atmosphere outward 
ly of said check valve, a conduit having one end 
arranged with respect to the upper end of said 
cylinder to receive non-compressible fluid there 
from and having its other end communicating 
with Said receiver, and a check valve in said last 
named conduit opening outwardly with respect 
to said cylinder. 

16. A counterbalance comprising a vertical re 
ceiver, a vertical cylinder projecting into said re 
ceiver from the upper end thereof and having its 
lower end open for communication with said re 
ceiver, a plunger reciprocable in said cylinder, 
said receiver being adapted to contain a udy 
Of a non-compressible fluid extending into the 
bottom of said cylinder to be displaced there 
from upon downward movement of said plunger, 
a conduit leading into the upper end of said cyl 
inder, a check valve in said conduit opening in 
Wardly with respect to said cylinder, a manually 
controllable valve for controlling communication 
between said conduit and the atmosphere out 
Wardly of Said check valve, means for introducing 
non-compressible fluid into said first named con 
duit between said valves, a conduit having one 
end arranged with respect to the upper end of 
said cylinder to receive non-compressible fluid 
therefrom and having its other end communi 
cating with said receiver, and a check valve in 
said last named conduit opening outwardly with 
respect to Said cylinder. 

17. A counterbalance comprising a vertical re 
ceiver, a vertical cylinder projecting into said 
receiver from the upper end thereof, and having 
its lower end open for communication with said 
receiver, a plunger reciprocable in said cylinder, 
said receiver being adapted to contain a body of 
a non-compressible fluid extending into the bot 
tom of said cylinder to be displaced therefrom 
upon downward movement of said plunger, a 
conduit leading into the upper end of said cyl 
inder, a check valve in said conduit opening in 
Wardly with respect to said cylinder, a manu 
ally controllable valve for controlling communi 
cation between said conduit and the atmosphere 
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outwardly of said check valve, a container for 
non-compressible fluid having a pipe connection 
leading to said first named conduit between said 
valves, a float in said container controlling the 
admission of non-compressible fluid from said 
container to said pipe connection, a conduit hav 
ing one end arranged with respect to the upper 
end of Said cylinder to receive non-compressi 
ble fluid therefrom and having its other end 
communicating With said receiver, and a check 
valve in said last named conduit opening out 
wardly with respect to said cylinder. 

18. A counterbalance comprising a substan 
tially vertical receiver, a cylinder projecting into 
the upper end of said receiver and having its 
lower end open for communication therewith, a 
bearing carried by the upper end of Said cylin 
der, a plunger reciprocable in said cylinder and 
having a plunger rod extending upwardly 
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through said bearing, said receiver being adapted 
to contain a body of non-compressible fluid ex 
tending into the bottom of said cylinder to be 
displaced therefrom upon downward movement 
of said plunger, said non-compressible fluid being 
adapted to trap a body of a compressible fluid in 
the top of said receiver, a conduit communi 
cating between the top of said cylinder and said 
receiver and having a check valve therein open 
ing outwardly with respect to said cylinder, 
means for collecting non-compressible fluid from 
said plunger rod above said bearing, and means 
for delivering non-compressible fluid from Said 
last named means to the upper end of Said cyla 
inder. 

19. A counterbalance comprising a substan 
tially vertical receiver, a cylinder projecting into 
the upper end of said receiver and having its low 
er end open for communication therewith, a 
bearing carried by the upper end of said cylin 
der, a plunger reciprocable in said cylinder and 
having a plunger rod extending upwardly 
through said bearing, said receiver being adapted 
to contain a body of non-compressible fluid ex 
tending into the bottom of said cylinder to be dis 
placed therefrom upon downward movement of 
said plunger, said non-compressible fluid being 
adapted to trap a body of a compressible fluid 
in the top of said receiver, a conduit communi 
cating between the top of said cylinder and said 
receiver and having a check valve therein open 
ing outwardly with respect to said cylinder, an 
inlet conduit leading into the upper end of said 
cylinder and provided with a check valve open 
ing inwardly with respect to said cylinder, means 
for collecting non-compressible fluid from said 
plunger rod above said bearing, and float con 
trolled means for delivering non-compressible 
fluid from said last named means to said inlet 
conduit. 

20. A counterbalance comprising a substan 
tially vertical receiver, a cylinder projecting into 
the upper end of said receiver and having its 
lower end open for communication therewith, a 
bearing carried by the upper end of said cylinder, 
a plunger reciprocable in said cylinder and hav-. 
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ing a plunger rod extending upwardly through 
said bearing, said receiver being adapted to con 
tain a body of non-compressible fluid extending 
into the bottom of said cylinder to be displaced 56 therefrom upon downward movement of said 
plunger, said non-compressible fluid being 
adapted to trap a body of a compressible fluid in 
the top of said receiver, a conduit commund 
cating between the top of said cylinder and said 
receiver and having a check valve therein open 
ing outwardly with respect to said cylinder, an 
inlet conduit leading into the upper end of said 
cylinder and provided with a check valve open 
ing inwardly with respect to said cylinder, a con 
tainer into which the end of said inlet conduit 
projects, a drain conduit connected between the 
bottom of said receiver and said container and 
having a manually controllable valve therein, 
and a manually controllable valve in said inlet 
conduit between said container and said check 
valve. 

21. A counterbalance comprising a substan 
tially vertical receiver, a cylinder projecting into 
the upper end of said receiver and having its 
lower end open...for communication therewith, a 
bearing carried by the upper end of said cylinder, 
a plunger reciprocable in said cylinder and having 
a plunger rod extending upWardly through said 
bearing, said receiver being adapted to contain a 
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body of non-compressible fluid extending into the 
bottom of said cylinder to be displaced therefron 
upon downward movement of said plunger, said 
non-compressible fluid being adapted to trap a 
body of a compressible fluid in the top of said 
receiver, a conduit communicating between the 
top of said cylinder and said receiver and having 
a check valve therein opening outwardly with 
respect to said cylinder, an inlet conduit leading 
into the upper end of said cylinder and provided 
with a check valve opening inwardly with respect 
to said cylinder, a container into which the end 
of said inlet conduit projects, a drain conduit 
Connected between the bottom of said receiver and 
said container and having a manually controllable 
Valve therein, a manually controllable valve in 
said inlet conduit between said container and said. ' 
check valve, means for collecting non-compress 
ible fluid from said plunger rod, and float con 
trolled means for delivering non-compressible 
fluid from Sadd last named means to said inlet 
conduit between the valves therein, 

22. A counterbalance for parts having uniform 
relative movement, comprising a receiver, a cylin 
der having one end communicating with said 
receiver, a plunger reciprocable in said cylinder, 
said plunger being movable in one direction to 
Compress and store energy in fluid in said re 
ceiver, a head on the other end of said cylinder, 
and means for controlling maximum pressures in 
the last named end of said cylinder. 

23. A counterbalance comprising a receiver, a cylinder having one end communicating with said 
receiver, a plunger reciprocable in said cylinder, 
said plunger being movable in one direction to 
compress and store energy in fluid in said re 
ceiver, a head on the other end of said cylinder, 
means for supplying a non-compressible fluid to 
the second named end of said cylinder to reduce 
the clearance space therein, and means including 
2 conduit leading from the last named end of said 
cylinder for controlling pressures therein. 

24. A counterbalance comprising a receiver, a 
substantially vertical cylinder having its lower 
end communicating with said receiver, a plunger 
reciprocable in said cylinder, said plunger being 
movable toward the lower end thereof to compress 
aad store energy in fluid in said receiver, and 
means connected to the upper end of said cylin 
der and Operative independently of pressures in 
said receiver for governing differential pressures 
above and below said plunger. 

25. A counterbalance comprising a receiver, a 
substantially vertical cylinder having its lower 
end communicating with said receiver, a plunger 
reciprocable in said cylinder, said plunger being 
movable toward the lower end thereof to com 
press and store energy in fluid in said receiver, 
means for introducing a non-compressible fuid 
into the upper end of said cylinder to reduce the 
clearance Space therein, and means connected to 
the upper end of said cylinder and operative in 
dependently of pressures in said receiver for 
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governing differential pressures above and below . 
said plunger. . 

26. A counterbalance comprising a receiver, a - 
cylinder having one end communicating with said 
receiver, a plunger reciprocable in said cylinder, 5 
said plunger being movable to said end of said 
cylinder to compress and store energy in fluid in 
said receiver, a head on the other end of said 
cylinder, a bearing in said head, a plunger rod 
reciprocating in said bearing and connected to 10 
said plunger, a conduit communicating at one end 
with the second named end of said cylinder and 
at its other end with the atmosphere, a check 
valve in said conduit opening outwardly with re 
spect to said cylinder, and a manually con- 5 
trollable valve in said conduit between said check 
valve and the second named end of said pipe, said 
valve being adapted to be opened to relieve pres 
sure from the second named end of said cylinder. 

27. A counterbalance comprising a receiver, a 20 
cylinder having one end communicating with said 
receiver, & plunger reciprocable in said cylinder, 
said receiver being adapted to contain a body of 
a non-compressible fluid at least partially filling . . 
said receiver and extending into said end of said 25 
cylinder to be displaced therefrom by said 
plunger, said non-compressible fluid trapping a 
body of a compressible fluid in the top of said 
receiver, means connected for utilizing variations. 
in pressure in the other end of said cylinder in- a 
cident to reciprocating movement of said plunger . 
for supplying non-compressible fluid to said re 
ceiver, and manually controllable means for re 
lieving maximum pressures in said other end of 
said cylinder. 35 

28. A counterbalance comprising a receiver, a 
substantially vertical cylinder having a bearing 
at its upper end and having its lower end con 
municating with said receiver, a plunger recipro 
cable insid cylinder and having a plunger rod 
mounted in said bearing, said receiver being adapted to contain a body of a non-compressible . 
fluid extending into the bottom of said cylinder. 
and trapping a body of a compressible fluid in 
the top of said receiver, an annular receptacle 45 
surrounding said plunger rod above said bearing ". . 
for collecting non-compressible fluid from said 
plunger rod, a pipe connection leading to the 
upper end of said cylinder and having a check 
valve opening inwardly with respect to said cylin 
der, said pipe connection being normally closed to: 
the atmosphere, means for delivering non-com 
pressible fluid from said receptacle to said pipe 
connection, a conduit connected between the 
upper end of said cylinder and said receiver and 55 
provided with a check valve opening outwardly 
with respect to said cylinder, a pressure relieving 
pipe connected between the upper end of said 
cylinder and said annular receptacle, and a 
Haually controllable valve in said pressure re lieving pipe. 

HAROLD WILLIAMS RAMEY, 
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