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29 Claims.

This invention relates to counterbalances and
more particularly to hydropneumatic counter-
balances of the type disclosed in the copending
application of Robert Griffin De La Mater, Se-
rial No. 157,189, filed August 3, 1937, such coun-
terbalances being particularly adapted for use
with oil well pumping rigs.

As is well known, it has been the common
practice for a number of years to counterbal-

ance the walking beams of oil well pumping rigs-

to equalize the power demand during the pump-
ing cycle. It also has been the common prac-
tice to effect the counterbalancing action by
counterweighting the crank shaft from which the
pitman is driven as fully disclosed in the co-
pending application referred to. Each of these
systems possesses advantages which are offset by
substantial disadvanteges. For example, among
other disadvantages, the provision of heavy coun-
terweights on the walking beam requires the use
of a very heavy walking beam, and such counter-
weights can be adjusted only with the greatest
difficulty. In the case of a pitman failure, the
weight on the walking beam obviously will pull
the beam downwardly and may result in wreck-
ing the entire pumping rig unless downward
movement of the walking beam is stopped by a
conventional headache post.

Rotary crank weights have been largely used
.instead of beam weights because of certain in-
herent advantages which they possess, but such
method of counterweighting also is attended
by substantial disadvantages. Rofary counter-
weights are not easily adjustable and they add
. substantially to the load on. the crank and crank
shafts. Moreover, such a system provides coun-
terweighting 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 disad--

vantages of counterbalancing walking beams by
means. of counterweights, it has been proposed

in recent years to provide the counterbalancing-

action by pneumatic means which operates. to
store energy on the down stroke of the pump

rods and to. expand energy on the up.stroke.

Such a mechanism involves numerous advan-
tages over conventional counterweighting in that
it permits the application of a counterbalanc-
.ing force substantially at the ideal point, and
permits the use of lighter parts through the
elimination of the heavy counterweights, as well
as eliminating the use of heavy masses of recip-
rocating or rotating counterweights. Thus the
 pumping equipment is more portable, easier to

(CL 74~—589)

install, and requires much less foundation for
stability.

However, 2 pneumatic counterbalance involves
numerous disadvantages and leaves much to be
desired of an apparatus of this character. For
example, a pumper will frequently have in his
charge as many as forty pumping wells scattered
over a considerable ferrifory and accordingly
he will be able to visit each pumping unit only
at infrequent intervals. Many wells are pumped
night and day and accordingly it is essential that
a counterbalance unit be made as trouble free
as possible. Pneumatic counterbalances fail to
meet this requirement because of numerous pos-
sibilities of failure which are always present.
For example, the failure of the air compressor
may result in a complete unbalancing of the
unit, and the same result may oceur through the
springing of a leak in the packing of the com-
pressor or the packing of the counterbalance
piston. It also will be apparent that failure of
the Iubricator for the counterbalance cylinder
or the loss of level of oil in the lubricator will
have serious results.

Tt is possible that a pumping rig may be shut
down for hours and even days, and during such
period it is essential that there be no material
loss of pressure due to leakage, and such loss of
pressure cannot be effectively prevented in a
pneumatic counterbalance. In such a counter-
balance, air is confined at a minimum pressure
of approximately 200 lbs. per square inch and
such pressure increases to as high as 400 lbs.
pressure per square inch. A single stage com-
pressor for supplying and maintaining pressure
in a counterbalance of this type must have & rel-
atively long stroke since the air must be com-
pressed to from one-eighth to one-fourteenth of
its volume before raising the pressure sufficiently
to discharge it into the counterbalance cylin-
der. ) :

In effecting any appreciable increase in the-
operating pressure of a pneumatic counterbal-
ance a substantial amount of air must be intro-
duced into the system, and the air compressor
will become quite hot unless auxiliary means
are provided to cool it. Moreover, the com-
pressor of a pneumatic counterbalance is in con-
tinuous operation drawing air from the atmos-
phere and discharging it into the system, the
air being released from the system at a maxi-
mum predetermined pressure. Consequently,
since the air in an oil field is frequenfly con-
taminated with dust or corrosive gases, consid-
erable damage may be done to working parts of
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the counterbalance. It will be appreciated that
this presents a serious problem when air is be-
ing continuously introduced into the system
through the compressor, valves, etc., such air,
of course coming into constant comtact with
other working parts of the system such as the
piston and cylinder.

From the foregoing, it will be apparent that
the provision of an efficient, practicable and
trouble-proof counterbalance for oil well pump-
ing rigs presents very serious problems, and the
hydropneumatic counterbalance disclosed in the
copending application of Robert Griffin De La
Mater, referred to above, substantially complete-
ly eliminates the disadvantages of prior coun-
terbalancing systems while providing numerous
advantages which are not found in prior sys-
tems. It is broadly an important object of the

present invention to combine with the hydro- .

pneumatic counterbalance of the copending ap-
plication referred to certain additional features
which facilitate and materially improve the op-
eration of the apparatus disclosed in such co-
pending application. ‘
More specifically it is an important object of
the present invention to provide a hydropneu-
matic counterbalance of the type disclosed in
the pending application referred to wherein the
space above the counterbalance plunger is uti-
lized for creating a partial vacuum to increase

" the differential pressures acting on the plunger,

thus increasing the counterbalancing action for
a given fluid pressure within the receiver of the
counterbalance. ‘
A further object is to provide a hydropneu-
matic counterbalance wherein each down stroke
of the plunger compresses and accordingly stores
energy in a body of a compressible fluid, such
as air, but wherein a body of a non-compressi-
ble -fluid such as oil is interposed between the
compressible fluid and the counterbalance plung-
er to positively prevent the leakage of air around
the plunger as in the copending application
referred to, in combination with means for ef-
fecting a partial vacuum above the counterbal-
ance plunger to increase the differential pres-
sures between the upper end of the counterbal-
ance cylinder and the body of compressible fluid
referred to. . :
A further object is to provide a hydropneu-
matic counterbalance of the character referred
to wherein upward movement -of the counter-
balance plunger may be utilized for charging the
receiver with compressible fluid, as in the co-

- pending application referred to, together with

means for reducing the clearance space above
the plunger, when desired, to increase the com-
bression of the compressible fluid which is be-
ing supplied to the receiver. :

A further object is to provide an apparatus of
the character referred to having means for sup-
plying non-compressible fluid to the cylinder
above the plunger to increase the effective length
of the: plunger, when the apparatus is used with
a short stroke pumping unit, thus permitting a
relatively high compression of compressible fluid
to be supplied to the receiver. g

A further object is fto provide an apparatus
of this character having means for transferring
some of the non-compressible fluid, which forms
& seal between ithe plunger and the compressible
fluid, to the cylinder above the plunger to in-
crease -the effective length of the latter for the
purpose stated. C :

A further object is to provide a hydropneumatic
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counterbalance of the type shown in the copend-
ing application referred to wherein pressures in
the receiver are maintained by suitable automat-
ically operable means, as in the copending ap-
plication referred to, in combination with a sep-
arate auxiliary means through which pressures
may. be manually controlled in the event of fail-
ure of the automatic means referred to.

A further object is to provide a hydropneu-
matic counterbalance of the type referred to
wherein a reservoir is adapted to supply the non-
compressible fluid to the receiver of the coun-
terbalance through the medium of a positively
operated pump and wherein the supplying of such
fluid- to the receiver is automatically controlled
to maintain and control pressures in the receiver,
and to provide, in conjunction therewith, man-
ually controllable means for by-passing non-
compressible fluid from the receiver to the res-
ervoir to control and maintain pressures in the
receiver in- the' event of failure of the means
which normally operates to control the supplying
of the non-compressible fluid to the receiver.

A further -object is to provide manually con-
trollable means of the character referred to which
is adapted to function to transfer all or part of
the non-compressible fluid- from the counterbal-
ance receiver to the reservoir, when desired.

Other objects and advantages of the invention
will- become apparent during the course of the
following description. - : .

In the drawings I have shown one embodi-
ment of the invention. In this showing—

Figure 1 is a side elevation of a standard well
rig showing the principal parts of the invention
applied thereto, the piping connections, etc., be-
ing eliminated for the puropse of simplicity, and,

Figure 2 is a schematic side elevation of the
counterbalance system, as a whole, parts being
broken away, and parts being shown in section.

Referring to Figure 1, the numeral { desig-
nates a conventional walking beam mounted as
at 2 for oscillation on the upper end of a con-
ventional Samson post 8. - The walking beam is
oscillated in- the usual manner by 3 pitman 4
driven by a crank 5 operated by the usual prime
mover (not shown). The well end of the beam
is connected by the usual polished rod carrier §
to the usual pump or polished rods 7. A con-
ventional apparatus of this character is provided
with “headache posts” to prevent damage to the
apparatus and injury to the workmen in the
event of breakage of any part of the apparatus.
It will become apparent, however, that the pres-
ent apparatus functions to permit the elimina-
tion of the usual headache posts by limiting the
swinging movement of the walking beam I.

Wihile the present invention has been  illus-
trated as applied to a conventional type of pump-
ing rig, it' will be apparent that it is capable of
application to any analogous structure. )

The present construction comprises a counter-
balance unit: indicated as a. whole by the nu-
meral 10. Thisunit comprises ia receiver I1 hav-
ing upper and lower heads 12 and 13 preferably
welded in position as indicated in Pigure 2. A
supporting . member {4 is welded to the lower
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head 13 and is pivoted as at 15 to a suitable sup---

port 18 shown in Figure 1 as being mounted upon

the foundation 11. -The head 12 is provided with
an axial opening 18 surrounded by a relatively
heavy flange 19 welded in position on the head
i2.
integral part of the counterbalance ‘unit, it will

While the receiver |1 has been shown as an-
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become apparent that this arrangement is pre-
ferred but not essential.

A cylinder 20 projects downwardly through the
opening 18 into the receiver and is provided ad-
jacent its upper end with an annular enlarged
portion 2{ fitting within the flange 19. Such
portion of the cylinder is provided with an out-
standing annular flange 22 bolted to the flange
19 as at 23. A bearing 24 is mounted in the
upper end of the cylinder and is provided at its
upper end with an outstanding annular flange 25
seating upon the upper extremity of the cylinder
and bolted thereto as at 26. The bearing 24 is
p¥ovided intermediate its ends with a clearance
space 21, for a purpose to be described. Aside
from the space 21, the bearing 24 has 2 sliding
fit with the interior of the cylinder 20, and the
lower end of the bearing is grooved as at 28 to
afford communication between the clearance
space 21 and the cylinder 20 below the bearing.
The bearing is provided with a suitable bushing
29 at the upper end of which is & packing ring
30 maintained in position by a plate 3t.

A plunger rod 32 reciprocates in the bushing
29 and is pivotally connected at its upper end as
at 32’ to the walking beam adjacent the well end
thereof, as shown in Figure 1. The plunger rod
32 carries a plunger 33 at its lower end recip-
rocable in the cylinder 20 and occupying sub-
stantially the position shown in Figure 2 when
the pump rods are at the lower limit of their
down stroke. Under such conditions, it will be
apparent that all fluid will be displaced from the
lower end of the cylinder into the receiver upon
each down stroke of the plunger. The plunger
is provided with a ring 34 above and below which
are arranged packing cups 35 preferably having
their flanges turned downwardly as shown in
Figure 2. A clamping ring 36 retains the ring
34 and packing cups 35 in position.

It will be apparent that reciprocation of the
plunger 33 is utilized for compressing fluid in the
receiver to store energy therein for use on each
up stroke of the pump rods. Instead of using
only air or some other compressible gas in the
receiver, a feature of the present construction is
the provision of two bodies of fluid, one of which
is compressible and the other of which is non-
compressible. Accordingly the lower end of the
receiver is provided with a body of a non-com-
pressible fluid 37, preferably oil, and the space 38
gbove the body of oil is filled with a compressible
fluid, preferably air. Upon each up stroke of
the plunger oil will be drawn into the lower

- end of the cylinder 20 and upon each down

stroke of the plunger, this element acts as a dis-
placing member to displace oil from the cylinder
into the receiver to raise the leve] thereof and
thus compress the body of air.

Inasmuch as the piston 33 has its lower ex-
tremity arranged below the lower extremity of the
cylinder 20 when the piston reaches the lower
end of its stroke, it will be apparent that any
air which may have escaped past the packing
rings 35 on the up stroke of the plunger will be
discharged from the lower .end of the cylinder
and will find its way upwardly into the space 28.
The quantity of oil in the receiver is such that
when the plunger is at its upper limit of move-
ment, the surface of the oil 31 will not be below
the lower extremity of the cylinder 20. Thus it
will be apparent that the oil, under all condi-
tions, acts as a liquid seal between the plunger
and the body of air, and this is highly important
as will become apparent.

3

A reservoir 39 is employed ‘as the source of
oil ‘for the receiver, and this reservoir pref-
erably is part of a system which includes the
connections for supplying oil to the receiver and
connections for returning to the receiver any oil
which escapes past the plunger. The reservoir is
provided with a sight gauge 48. The reservoir
is provided in the bottom thereof with an out-
let pipe &4 communicating with the reservoir
through an upstanding nipple 42 which tends to
prevent any sediment in the oil from flowing into
the pipe #4. A stop cock 43 is provided in the
pipe 41, and a T 64 connects the pipe 41, below
the stop cock 43, to a pipe 45 leading to the in-
take side of an oil pump 46. The pump is pro-
vided with an outlet pipe 41. The oil pump 46
may be of any desired type and is conveniently
shown in Figure 2 as having a plunger 48 oper-
ated by a plunger rod 48. The pipes 46 and 47
are shown as being provided with check valves 50
and B! which; of course, may be embodied in
the pump structure itself in accordance with
conventional practice.

In Figure 1 the pump 46 has been shown ag
being connected to the reservoir 39 while the
plunger rod 49 has been indicated as being piv-
otally connected as at 52 to one side of the re-
ceiver 11. This pivotal connection is provided
with a slight amount of play to permit the pin
42 to partake of slight vertical movement inci-
dental to the swinging movement of the receiver
ahout the pivot 15 during oscillating movement of
the walking beam. The pump, of course, may be
held stationary in any suitable manner, and the
arrangement of the pump is such that the oil
pump is operated through the medium of the
horizontal component of movement of the pivot
pin 52 during reciprocation of the plunger rod 32.
It will become apparent that the very slight
horizontal component of movement referred to is
suficient for maintaining any desired pressure
within the receiver. It also will become apparent
that even though the pump plunger partakes
of a relatively short reciprocatory movement, an
ample supply of oil for maintaining a varying
pressure may be provided with a pump plunger
and cylinder of small diameter. While the par-
ticular oil pumping means described is preferred,
it is not essential to the operation of the appa-

ratus, and it will be apparent that the invention’

is- not limited to any perticular oil pumping
means. .

A T 53 is connected in the pipe 47 and leads
to an adjustable blow-off- valve indicated by the
numeral 54 and having an outlet connected to a
pipe 55. The valve B4 has not been specifically
illustrated since a number of commercially avail-
able blow-off valves may be employed, it merely

being desirable that they be provided with means.

for adjusting the pressure at which the valve will
be released, as will become apparent. A flexible
high pressure hose 56 connects the end of the
pipe 47 to the receiver, as shown in Figure 2; and

the pipe- 47 is provided with a pressure gauge:

57 between the blow-off valve 54 and the hose 56.
Stop cocks 58 and: 59 are preferably arranged
oen opposite sides of the pressure gauge 57, as
shown.

The upper end of the cylinder 28 is provided
with a lateral passage 80 to the outer end of
which is connected a pipe 8i. The passage 60
communicates with the clearance space 27 near
the bottom thereof, for a purpose to be described.
A check valve 82 is conmected to. this pipe and
opens outwardly to discharge oil from the clear-
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ance space 27 and a stop cock 63 is provided ad-
Jacent and outwardly of the check valve 62. The
outer end of the pipe 61 is connected by s fexible
hose 64 to a pipe 65 leading to the top of the
reservoir 32. The outlet pipe 55 of the blow-off
valve is connected to the pipe 65, and accord-
ingly it will be apparent that oil discharged by
the opening of the valve 54 will be returned to
the reservoir.

It will be apparent that the pump 46 is intended
to generate pressure in the oil being pumped at
least as great as the maximum pressure present
in the counterbalance unit during the normal
operation thereof, and the counterbalance pres-

- sure is determined by the setting of the valve 54.

Means are provided to permit the manual con-
trolling of the pressure within the receiver in
the event of failure of the valve 54 to function,
such means also permitting il to be blown under
Dressure from the receiver to the reservoir 39 if it
is desired to empty the receiver for any reason.
The means referred to comprises a pipe 66 hav-
ing a flexible section 66’ provided with a manu-
ally operable control valve 61 and connected to
the bottom of the receiver as shown in Figure 2.
A stop cock 68 also is connected in the pipe 66,
and this pipe is connected to the pipe 41, as shown.
Between the valve 8T and stop cock 68 a T 69
connects the pipe 66 to. a valve 18 which may be
opened together with the valve 67 if it is desired to
drain the oil from the receiver without returning
it to the reservoir.

As previously stated, the space 38 normally
contains air or other compressible gas under pres-
sure during the normal operation of the counter-
balance unit, and reciprocation of the plunger 33
is utilized for charging the space 88. As shown
in Figure 2, the upper end portion of the cylin-
der 20 is provided with a radial passage TI, the
inner end of which communicates with the clear-
ance space 27 near the bottom thereof. A pipe
72 has one end connected to the cuter end of the
passage Tl and its other end connected to the
pressure space 38 through the head 2. Two
check valves 13 are connected in the pipe 71 and
open toward the pressure space 38. While one
of the check valves 713 is sufficient, it is preferred
that two be employed in order to insure against
leakage of pressure from the space 38.

Between the passage Tl and check valves 13,
a T 14 is connected in the pipe 72 and leads to
an inwardly opening check valve 15 controlled
by a valve 76 leading to the atmosphere and be-
ing: manually controllable. When the valve T6
is open, downward movement of the plunger 33
draws air into the upper end of the cylinder
through the check valve 15, whereupon upward
movement of the plunger 33 compresses the air
of the cylinder to close the valve 15 and dis-
charge the air into the space 38 through the
check valves 13. Repeated reciprocation of the
plunger 33, while the valve 7§ is open, will charge
the space 38 with air to the desired presstre, the
valve €3 during such period, being closed.

As previously stated, reciprocation of the plung-
er 33 may be employed for charging the pres-
sure space 38, and the rate of charging, of course,
will depend upon the stroke of the plunger 33.
For example, in a short stroke pumping rig the
plunger 33 obviously will not reduce the volume
of air in the cylinder 20 to as great an extent
upon upward movement of the plunger as is true
in a long stroke pumping unit. With a unit of
the latter type, the plunger 33 moves upwardly
practically to its limit of movement as defined

2,283,225

by the lower end of the bearing 24. Under such
conditions the air will be highly compressed
and the receiver may be rapidly charged.

Much slower pumping will take place with a
short stroke rig, and in fact, the maximum pres-.
sure generated in the cylinder 20 may not be suf-
ficient to charge the space 38 to the desired air
pressure.  Means are provided for reducing the
effective clearance above the plunger 33 to pro-
vide an- efficient pumping action for charging
the space 38 when the apparatus is used with
a short stroke pumping unit: A pipe 77 is tapped
into the pipe 6§ between the valve 61 and the
head 13, as shown in Figure 2. - A manually cofft
trollable valve 18 is connected in the ipe T1 and
above this valve is arranged an upwardly open-
ing check valve 79, The upper end of the pipe
11 communicates with the pipe 61 between the
check valve 62 and passage 60. As reciprocation
of the plunger 38 takes place, pressure will in-
crease within the receiver, and such pressure
causes oil to be discharged through the pipe
77 into the upper end of the cylinder 28 when
the valve 718 is open. The oil discharged  into
the cylinder 26 collects on the upper face of the
plunger 33 to increase the effective length of
this plunger and reduce the clearance space in
the cylinder so that air may be compressed to
a relatively high pressure to be discharged into
the space 28. RS

As an alternative arrangement, g pipe 80 may

. be connected at one end to the pipe 17 and at

its other end to the pipe 47 between the blow-

off valve 54 and the check valve 51, A manually
controllable valve 81 is arranged in the pipe 80. -

While the pump 46 is in normal operation the
valve 81 may be opened to permit oil to be pumped
into the pipe 77 and thence into the upper end
of the cylinder 20 to reduce the clearance space
above the piston and thus provide for the ef-
fective compressing of the air to be discharged
into the space 38.

. As will become apparent, the combined use
of compressible and non-compressible fluids pro-
vides a highly desirable degree of flexibility in
the adjustment of the counterbalancing action
which' cannot be obtained with g purely pneu-
matic counterbalance. As will be described in
detall later, the counterbalancing action is sub-
ject to variation in accordance with the relative
volumes of the oil and air contained in the ap-
paratus. ' The minimum quantity of oil in the
apparatus is indicated by the level of the oil in
Figure 2, the minimum quantity of oil being
such that when the plunger 33 is at the upper
limit of its stroke, the level of the oil will not
drop’as far as the lower extremity of the cylin-
der 20. The quantity of the oil may be in-
creased and the volume of the air above the
oil decreased in order to vary the counterbal-
ancing action.  In order that increased flexibility
of adjustment may be obtained, a valve 82 is
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adapted to release air from the gir Space 38

when it is desired to reduce the volume of the
air and increase the volume of the oil without
materially increasing the air pressure, as would
occur if the volume of the -oil were increased

without releasing some of the air pressure from'

the space 38.

The characteristics of the system are such that
the possibility, of providing dangerous pressures
within the receiver is negligible. - In order to
guard against any slight possibility of the burst-
ing of the receiver due .to excess pressures, it is
desired to provide means for releasing the pres-
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is present in the space 38, and upward movement

sures when they accumulate above a predeter-
mined point. This could be done, of course,
by the provision of pressure relief valves, but
since such valves normally would never operate,
their use would not be satisfactory in view of the
possibility of the corrosion and sticking of the
valves. Accordingly it is desired to employ safe~
ty devices of the character shown in Flgure 2
and indicated by the numeral 83.

Each of the devices 83 comprises a tubular
member 84 having a cup shaped-outer portion 85
having a frangible disk 86 therein retained in
position by a threaded ring 87. One of the safe~
ty devices has its tubular member 84 communi-
cating with the clearance space 27 while the
other communicates directly with the air space
38 through the head 12. Upon the accumulation
of pressures above the point of safety, the disks
86, or at least one of them, will be ruptured
to release pressure from the chamber 38. 'These
disks obviously are easily replaceable.

To facilitate the filling of the receiver with

oil, the body of the receiver may be provided with
a series of openings normally closed by threaded
plugs 82 as shown in Figure 2. For most in-
stallations, the oil will be filled to the lowermost
plug 83, which determines the level of the oil
for the minimum quantity therecf whereby the
leve]l of the oil will never drop as low as the
lower extremity of the cylinder 29. :

The operation of the apparatus is as follows:

The upper end of the plunger rod 32 is con-
nected to the walking beam as near as practica-
ble to the well end of the beam, while the bot-

 tom of the receiver is pivoted to the foundation

I1. Upon operation of the prime mover, power
will be transmitted to the walking beam through
the crank 5 and pitman 4, thus oscillating the
walking beam in the usual manner. The oscil-
lation of the pitman effects the reciprocation of
the pump rods in the usual manner.

After the apparatus has been instdlled and
it is desired to place it in operation, one.of the
plugs €8 is removed and oil is supplied to the
receiver until the proper level of the oil is reached
as determined from the opening from which the
plug 88 has been removed. The oil ¢harging op-
eration is carried out with the walking beam at
rest and with the well end of the beam in its
lowermost position, the plunger 33 occupying the
position shown in Figure 2.

After the receiver has been supplied with the
proper volume of oil, the previously removed plug
88 is replaced. It will be apparent that the oil
is supplied while atmospheric pressure is pres-
ent in the receiver, and accordingly the oil need
not be pumped against pressure when the re-
ceiver is charged. Having provided the desired
amount of oil, the space 38 is then charged with
air or other gas to the desired pressure, and the
plunger 233 and cylinder 20 are adapted to be
employed as the air pumping means.

In order to charge the receiver with air, it
merely is necessary to open the valve 16 and
start the prime mover in ‘operation to oscillate
the walking beam. During each downward move-
ment of the plunger 33, air will be drawn into
the upper portion of the cylinder 20 through the
valve 16 and check valve 15. Upon each up-
ward movement of the plunger 33, the check
valve 75 will close and the air compressed in the
cylinder 298 will be discharged into the air space
38 t‘lrough pipe 12 and check valves T3.

t will be apparent that when the air charg-
ing operation is initiated atmospheric pressure

5

of the plunger s slight distance from its lower
extremity of movement will compress the air in
the cylinder 28 to a sufficient pressure to dis-
charge the air into the receiver. As pressure ac-
cumulates in the receiver, it becomes necessary
for the plunger 33.to move to progressively higher
points in its up stroke before it will build up suf-
ficient pressure in the cylinder 28 to discharge
the air into the receiver, it being necessary, of
course, to compress the air in the cylinder 28 to

a pressure dbove that in the space 38 before the.

air will be discharged into the receiver.

It will be apparent that the present apparatus
is equally adapted for use with short stroke or
long -stroke pumping rigs. When employed with
2 long stroke rig, the plunger 38 moves upward-

-1y upon each reciprocation to a point adjacent

the lower end of the bearing 24, and according-
ly air will be compressed in the cylinder to a
sufficiently high pressure to charge the space
38 to-the desired pressure, for example, approxi-
mately 200 1bs. per square inch.

However, when the apparatus is employed with
a short stroke pumping unit, the clearance space
above -the piston 33 will be of such volume as
to prevent the building up of sufficient pressure

in the cylinder 20 to discharge air into the re-

ceiver upon each up stroke of the plunger. For
this reason, means are provided for reducing
the clearance space above the plunger 33 to assist
in charging the receiver with air.

In this connection it will be noted that dur-
ing the air charging operation, the walking beam
will be oscillated, and accordingly the pivot 32’
(Figure 1) will swing about the axis of oscil-
lation of the walking beam. The horizontal com-
ponent of movement of the receiver 1 is utilized
for operating the oil pump. During the initial
charging operation, the walve 58 may be closed
to prevent the pumping of oil to the receiver
during the air charging operation if the appara-
tus is-being used with a long stroke pumping rig.
With a short stroke rig, however, the valve 58
may be permitted to remain open to supply some
additional oil to the receiver, and the valve 18
may be opened whereby the pressure accumulat-
ed within the receiver will discharge oil through
the pipe 77 and passage 60 into the upper end

of the cylinder 28. This oil will accumulate above:

the piston 83 to reduce the clearance space upon
each ‘up stroke of the plunger, thus permitting
the ‘building up of the necessary pressure to
charge the receiver. In this connection it will

be noted that the valve 718 may be opensd prior -

to the opening of the valve 18, whereupon the
partial vacuum created upon downward move-
ment. of the plunger 33 will create diiferential
pressure between the upper end of the cylinder
and the top of the receiver whereby atmospheric
pressure will force oil through the pipe 77 .into
the top of the cylinder to reduce the clearance
space above the plunger.

It will be obvious that the valve 78 will be
closed after the desired quantity of oil has col-
lected above the plunger, whereupon continued
operation of the plunger 33 charges the space
38 with the desired air pressure. As an alterna-
tive means for supplying oil to the cylinder 20
for the purpose stated, the valve 81 may be
opened to supply oil through the pipes 88 and
11 to the cylinder to.reduce the clearance space
above -the plunger 33. 'If the pipe §0 is to be
used for this purpose, the valve 58 may be closed
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at least until the desired quantity of oil has col-

‘lected above the plunger.

The pressures within the receiver are readily
determined from the gauge 51, and after the de-
sired air pressure has been built up in the space
38, it is preferred that the walking beam be
stopped with the plunger 33 in its uppermost po-
sition and that the valve 18 be closed while the

plunger is in such position. Under such condi-

tions, vacuum will be created in the cylinder 28
upon -each downward stroke of the plunger: 33,
thus increasing the differential pressures on .op-
posite sides of the plunger 33 to provide a greater

-counterbalancing action for given pressures with-

in the receiver.

The apparatus is now ready for normal op-
eration. During the rocking movement of the
walking beam |, the plunger 33 will be recip-
rocated in the cylinder 20. During each down-

ward movement of the plunger, this member dis--

places oil from the lower end of the cylinder
20 into the receiver thus raising the level of the
oil in the receiver and compressing the air there-
above, Thus energy is stored by the- compres-
sion of the air, and this energy is released upon
the up stroke of the plunger 33 to assist in lift-
ing the well end of the walking beam. Thus
the prime mover is relieved of the greater: por-
tion of the work required for each elevation of

-the pump rods.

The blow-off valve 54 is set for any desired
operating pressure and such pressure setting will
determine the maximum pressure in the receiver.
During any period of operation in which the
pressure in the receiver drops below the pressure
setting of the valve 54, oil will be pumped through
pipe 47 and hose 56 into the receiver, and thus
the pump 46 operates to maintain a predeter-
mined maximum pressure within the receiver.
The pump 46 operates continuously, and when-
ever the pressure in the receiver is above the
predetermined maximum, the valve 54 opens to
by-pass the oil through pipes 55 and 65 to the
reservoir 39.

It will be apparent that the present system
takes care of any accumulation of oil above the
plunger 33. As oil continues to accumulate above
the plunger, it will reach the point where its
level will be raised to the position of the pas-
sage 60 upon upward movement of the plunger
33. Oil cannot accumulate above such. point
since it will be discharged through the passage
60 upon upward movement of the plunger 33,
and will pass through pipe 68, check valve 62,
cut-off valve 83, hose 64 and pipe 65, and thence
to the reservoir 39.

In view of the arcuate path of movement of
the piston connection 32’, it will be apparent that
the oil pump plunger 49 will partake of two
compression strokes for each complete oscilla-
tion of the walking beam. This fact, coupled
with the inherent characteristics of the appara-
tus wherein leakage of air pressure in the re-
ceiver is completely prevented, permits the re-
taining or increasing of the pressure in the re-
ceiver with the use of an extremely small  oil
pump.

If changes in pumping conditions render it
desirable to increase or decrease the counter-
balancing action, it merely is necessary to change
the setting of the blow-off valve 54. If this valve
is set for increased pressures, the oil pump will
supply additional oil to the receiver to raise the
level of the oil and thus reduce the volume of
the air while subjecting the air to increased
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pressures. If the valve 54 is set for -a lower
pressure, such pressure will be below ‘the maxi-
mum- pressure previously created within the re-
ceiver. Accordingly, the valve 54 will open as the
plunger 53 approaches- its limit of movement to
discharge oil from the receiver back to the reser-
voir, through hose %6, pipe 57, valve 84, etfc.

It will be apparent therefore that the valve 54
not only serves to determine the supplying of il
to the receiver from the pump, but that it also
acts to release oil from the receiver to the reser-
voir. Thus the maximum pressure may be re-
tained in the receiver in accordance with operat-
ing conditions.
wardly from its lowermost limit of movement,
a drop in -pressure occurs in the receiver, thus
permitting the admission of oil into the receiver.
Accordingly, downward movement of the plunger
33 will tend to build up the pressure above the
predetermined maximum, and under such condi-

. tions, the valve 54 will open to release the excess

pressure. However, since oil is pumped at a very
slow rate, only a very small amount of oil will be
released from the receiver as the plunger 33 ap-
proaches its lower limit of movement. Accord-
ingly, the maximum pressure is accurately main-
tained.

It also will be apparent that the valve 54
automatically compensates for variations in pres-
sures in the receiver incident to temperature
changes. For example, any lowering of pressures
when the apparatus is operating at night or dur-
ing cool weather will be prevented by the opera-
tion of the valve 34, any tendency for the maxi-
mum pressure to drop within the receiver being
compensated for by an increased supply of oil to
the receiver. Conversely, any tendency for the
pressure to increase during warm periods of the
day is prevented since the valve 54 functions in
the manner stated to prevent any accumulation
of pressure above the predetermined maximum.

As previously stated, the present invention pre-
sents substantial advantages over purely pneu-
matic counterbalances, and particular attention
is invited to one of such advantages through
which a high degree of flexibility in the con-
trolling of the counterbalancing action is pos-
sible. In a purely pneumatic counterbalance,
the variation between minimum and maximum
pressures will always be determined by the rela-
tion between the piston displacement and the
volume of the receiver. ‘In other words, starting
with a given minimum pressure, such a counter-
balance will generate a predetermined maximum
pressure in accordance with the relation between
piston displacement and the volume of the sys-
tem. This is not true of the present invention
for the reason that the volume of the compres-
sible fluid is variable mdependently of piston dlS-
placement.

Assuming that pumping- conditions are such as
to render desirable a limited differential be=
tween minimum and maximum: pressures, such
result is readily accomplished with the present
apparatus by using the minimum quantity of oil;

thus providing a maximum air volume in propor--

tion to piston - displacement. Thus minimum
pressure changes will occur between minimum
and maximum pressures, and such pressures may
be determined by charging the- alr space 38 to
the desired initial pressure.

Assuming ‘that’ a greater differential between
minimum and maximum pressures is desired, a
higher oil level -may be provided, thus reducing
the-volume of -air in proportion to the piston dis-

‘When the plunger 33 moves up--
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placement. Under such conditions the differen-
tial ‘between minimum and maximum pressures
may be. increased. As. a matter of fact, it is
possible under such conditions to vary the pres-
sures between atmospheric pressure gs a. mini-
mum pressure and a very high pressure as a
maximum pressure. - Thus it will be apparent
that the present system not only provides for
the  increasing or - decreasing - of minimum or
maximum .pressures but also provides for any
desired differentials -between such -pressures.
Such results.are wholly impossible with a purely
pneumatic. counterbalance.

In connhection with the foregoing advantages
of the present system, attention is invited to the
fact.that if operating conditions are such as to
require a relatively great differential between
minimum and maximum pressures with a rela-
tively low minimum pressure, the .valve 82 may
be opened.to permit the escape of air to provide
a.lower minimum. pressure.. Thus a lower mini-
mum pressure may be obtained without discharg-
ing oil from the receiver, which action would
result in reducing the differential between mini-
mum . and maximum pressures.

The foregoing advantages will be obvious when
the functioning of the apparatus is considered.
As the well end of the walking beam moves
downwardly similar movement is transmitted to
the plunger 33, this plunger -acting as a displac-
ing element .to displace oil from the lower end
of the cylinder into the receiver to raise the level
of the oil in the receiver and thus compress the
air and store energy therein. The progressive
increase in pressure as the plunger moves down-
wardly is important since the maximum pressure
is reached at the point:where it is necessary to
overcome the maximum inertia or load prior to
reversing its movement. Moreover, the maximum
pressure is present at the point where it is neces-
sary to- overcome the great inertia of ‘the load
at the beginning of the wup stroke of the pump
rods.

As the plunger 33 moves upwardly, the pres-
sure in ‘the receiver causes the oil to be dis-
placed therefrom to follow the plunger and exert
a lifting force thereagainst. The greatest force
is 'exerted at the bottom of the stroke and pro-
gressively decreases toward the top of the stroke.
The flexibility of the system -is such that any
desired maximum pressure can be provided and
this pressure. can be progressively decreased to
any desired minimum pressure, depending Uupon
the characteristics of the particular installation.
As stated -above, the minimum and maximum
pressures will not depend upon each other for
the.reason that the pressures in the receiver are
variable and the relative volumes of the com-
pressible and .non-compressible fluids are: vari-
able. Accordingly, the counterbalancing charac-
teristics of the apparatus may be accommodated
to.any installation.

For most installations, it is de51rab1e that the
average pressure within the receiver be such as
to exert sufficient upward force on the well end
of .the walking beam. to carry the weight of the
pump rods plus cne-half the weight of the liquid
being pumped on -each up stroke. Accordingly,
the .average load on the prime mover, both on
the up and down strokes of the pump rods, will
be -equal to one-half the weight of the liquid
heing pumped on .each up stroke -of .the pump
rods. This fact, together with the fact that the
pressures in the receiver vary from a_maximum,
where the greatest load is to be ¢arried, te a mini-

7

mum, where the least load'is to be carried, greatly
smooths out the power demands on the prime

mover..

‘‘From the’ foregoing descrlptlon it  will ‘be ob-
vious that the present:apparatus possesses nu-
merous’ distinct - advantages over prior counter-
balances, both of .the weight and pneumatic
types.

will be gpparent that the present apparatus per-
mits the use of a relatively light beam, whereas

‘materially heavier beams must be employed in

order to carry - the counterweights. Moreover,

the present construction permits the application

of the counterbalancing force adjacent the well
end of the beam, which is impossible with coun-
terweighted crank structures. It also will be
apparent that it is unnecessary to take into
account the inertia of the weights of a weighted
counterbalance, -and the difficulties "involved in
shutting down the pumping rig to change the

‘weights to alter the counterbalancing action are

eliminated.

- The present consiruction, weighing only a few
thousand pounds, can be employed to provide
any desired amount of counterbalancing effect
from different minima to different maxima.
When the présent construction is employed for
providing a maximum counterbalancing effect, it
accomplishes the elimination of six to seven tons
of counterweight. By eliminating the  heavy
mass of reciprocating or retating counterweights,
the pumping equipment is more portable, more
easily installed, and requires very much less
foundation for stability.

In addition to the general operation of the
apparatus, attention is invited to some of the
characteristics of the features of construction.
For example, it will be noted that the clearance
space 27 extends a substantial distance above the
passages 60 and-Ti. Accordingly, this clearance
space, above the passages referred to, is always
filled with. air to prevent the generation of ex-
cess pressures above the ‘plunger 83. This is

particularly important when the space 38 is be- -

ing charged with air upon the initial operation
of the apparatus. The capacity of the clearance
space - 21 above the passages 60 and 71 may be
designed to determine any maximum pressure
which may be generated upon upward movement
of the plunger 233. Accordingly, the clearance
space 27 constitutes a safety feature since it pre-
vents the generation of any pressures. which
might be dangerous to the apparatus upon up-
ward movement of the plunger 33.

When the receiver is being charged with air
by utilizing the plunger 33 as a pump plunger,
this plunger moves upwardly from its lowermost
position with atmospheric pressure present above
the plunger and-a greater pressure present below
the plunger, depending upon'the degree to which
the receiver has been charged. During its up-
stroke, the plunger compresses the air in the
cylinder 28 to a pressure equal to that in the
receiver, whereupon further upward movement
of the plunger increases the pressure of the air
in the cylinder to discharge it into the receiver.

A number of the valve connections in. the
system are provided as a matter of convenience.
For example, the cut-off valve 63 is open during
normal operation of the apparatus but may be
closed for servicing, and the same is true of the
valves.59 and 671. . The valve 10 may be opened
together with the valve 61 if it is desired for any

Por example, as distinguished from the’
use ‘of :counterweights on the walking beam, it
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reason to drain the oil from thé receiver with-
out returning it to the reservoir.

The valve 671 may be opened while the va.lve 10
remains closed if it is desired to utilize ‘the
pressure in the receiver for returning the oil
from the receiver to the reservoir. Moreover, in
the event of failure of the blow-off valve 54 fo
function properly, an. operator may control the
valve 61 to by-pass oil from the receiver to the
reservoir while watching the gauge 51 to control
pressures in the receiver. The feature of by-
passing oil through the pipe 66 under emergency
conditions and the feature of utilizing vacuum
in the upper end of the cylinder 20 for assisting
in the counterbalancing action form important
parts of the present invention, both of these fea-
tures being described but not claimed in the co-
pending application of Robert Griffin De La
Mater, previously referred to. The feature of
supplying oil through the pipe 77 or the pipe 80
to increase the effective length of the plunger
33 when charging the receiver with air, as for
example when the apparatus is employed with a
short stroke pumping rig, likewise forms, per se,
an important part of the present invention, being
described but not claimed in the copending appli-
cation referred to. - The three features referred
to in this paragraph form the subject matter of
the present invention, all of the remaining fea-
tures of the construction forming the subject
matter of the copending application referred to.

While the two fluids in the receiver have been
referred to as being air and oil, it will be apparent
that these fluids are used as a matter of con-
venience and practicability. The invention ob-
viously is not limited to the particular fluids
employed but may use any suitable compreSSIble
and non-compressible fluids.

It is to be understood that the form of thein-
vention herewith shown and described is to be
taken as a preferred example of the same, and
that various changes in the shape, size and
arrangement of parts may be made without de-
parting from the spirit of the invention or.the
scope of the subjoined claims.

I claim: ‘

1. A counterbalance comprising a cylinder, a
plunger reciprocable in said cylinder, a receiver
having a body of a compressible fluid therein and
communicating with one end of said cylinder
whereby the fluid in said receiver will be coni-
pressed upon movement of said plunger in one
direction, and means operative for sealing the
other end of said cylinder from the .atmosphere
whereby movement of said plunger in said direc-
tion creates a partial vacuum in the last na,med
end of said cylinder.

2. A-counterbalance comprising a cylinder, a
plunger reciprocable in said cylinder, a receiver
having a body of a compressible fluid therein and
communicating with one end of said cylinder
whereby the fluid in said receiver will be com-
pressed upon movement of said plunger in one
direction, the ‘other end of said cylinder being
normally closed to the atmosphere, and s man-
ually operable valve controlling communication
between the atmosphere and the second named
end of said cylinder whereby the latter may be
sealed from the atmosphere when said plunger
is adjacent the second named end of said cylinder
to create a partial vacuum therein upon move-
ment of said plunger in said direction.

3. A counterbalance comprising a cylinder; a
plunger reciprocable-in said cylinder, a receiver
communicating with one end of said cylinder; to
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receive fluid. displaded therefrom upon:inovement
of said plunger in one direction, a body of ‘a:non-
compressible fluid trapping a body of a compressi-
ble fluid in the top of said receiver, and means
sealing the other end of said cylinder to the at-
mosphere whereby movement of said plunger.in
said :direction will ‘create a. partial vacuum in
the second named end of said cylinder.

4. A counterbalance comprising a cylinder, a

plunger reciprocable in said cylinder, a receiver-

communicating with one end of said cylinder to
receive fluid displaced therefrom upon movement
of said plunger in one direction, a body of a non-
compressible fluid trapping a body of a compress-
ible -fluid in the fop of said receiver, the other
end of said cylinder being normally closed to the
atmosphere,, and a manually controllied valve
controlling communication between the atmos-
phere and the second named end of said cylinder

whereby the latter may be closed to the atmos- g

phere when said plunger is adjacent the second

‘named end of said cylinder to create a partial

vacuum  therein upon each movement of said
plunger in said direction.

5. A counterbalance comprising a cylinder, a
plunger reciprocable in said cylinder, a receiver
communicating with one end of said cylinder and
containing compressible fiuid adapted to be com-
pressed upon movement of said plunger toward

said- end of the cylinder, means for utilizing

movement of said plunger toward the other end of
said cylinder for pumping fluid to said receiver,
and means for increasing the effective length of
said plunger to reduce clearance in the second
named end of said cylinder.

6. A counterbalance comprising a cylinder, a
plunger reciprocable in said cylinder, a receiver
communicating with one end of said cylinder and
containing compressible fluid adapted to be com-
pressed upon movement of said plunger toward
said end of the cylinder, means for utilizing
movement of said plunger toward the other end
of said cylinder for pumping fluid to said re-
ceiver, and means for supplying a non-compress-

. ible fluid to the second named end of said cylinder

to reduce the clearance space therein.

7. A counterbalance. comprising a. receiver, a
cylinder communicating at one end with said
receiver and having its other end normally closed
to the atmosphere, said receiver containing a
body of non-compressible fluid trapping a body
of a compressible fluid in said receiver to be.com-
pressed upon movement of said plunger-toward
the first named end of said cylinder, means for
utilizing movement of said plunger toward. the
second named end of said cylinder to pump
fluid to said receiver, and means for reducing
the clearance between said plunger and the sec-
ond named end of suid cylinder.

8. A counterbalance comprising a receiver, a
cylinder  communicating at one end with said
receiver and having its other end normally closed
to the atmosphere, said receiver containing a
body of a non-compressible fluid trapping a body
of a compressible fluid in said receiver to be
compressed upon movement of said plunger to-
ward the first named end of said cylinder, means
for utilizing movement of said plunger toward
the second named end of said cylinder to pump
fluid to said receiver, and means for introducing
non-compressible fluid into the second named
end of said cylinder to reduce the clearance space
between said plunger and the second named end
of said cylinder.

9. ‘A _counterbalance compnsing a. receiver a
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cylinder communicating at one end with said
receiver and having its other end normally closed
to the atmosphere, said receiver containing a
body of a non-compressible fluid trapping a body
of a compressible fluid in said receiver to be
compressed upon movement of said plunger to-
ward the first named end of said cylinder, means
for utilizing movement of said plunger toward
the second named end of said cylinder to pump
fluid to said receiver, a receptacle for non-com-
pressible fluid, and means for transferring non-
compressible fluid from said receptable to the
second named end of said cylinder to reduce the
clearance space therein above said plunger.

10. A counterbalance comprising a recelver, a
cylinder communicating at one end with said
receiver and having its other end normally closed
to the atmosphere, said receiver containing 2
body of a non-compressible fluid trapping a body
of a compressible fluid in said receiver to be
compressed upon movement of said plunger to-
ward the first named end of said cylinder, means
for utilizing movement of said plunger toward
the second named end-of said cylinder to pump
fluid to said receiver, a receptacle for non-com-

pressible fluid, means for returning to said re-

ceptacle at least a portion of the non-compressi-
ble fluid leaking past said plunger into the second
named end of said cylinder, and means for trans-~
ferring non-compressible fluid from said recep-
tacle to the second named end of said cylinder
to reduce the clearance space therein above said
plunger.

11. A counterbalance comprising a receiver, a
cylinder communicating at one end with said
receiver and having its other end normslly closed
to the atmosphere, said receiver containing a
body of a non-compressible fluid trapping a body
of a compressible fluid in said receiver to be
compressed upon movement of said plunger to-
ward the first named end of said cylinder, means
for utilizing movement of said plunger toward
the,second named end of said cylinder to pump
fluid to said receiver, and means for transferring

5 non-compressible fluid from said receiver to the

second named end of said cylinder to reduce the
clearance space between said plunger and the
second named end of said cylinder.

12. A counterbalance comprising a receiver, a
cylinder communicating at one end with said
receiver and having its other end normally closed
to the atmosphere, said receiver confaining a
body of a non-compressible fluid trapping a body
of a compressible fluid in said receiver to be
compressed upon movement of said plunger to-
ward the first named end of said cylinder, means
for utilizing movement of said plunger toward
the second named end of said cylinder to pump
fluid to said receiver, a pipe affording communi-
cation between the other end of said cylinder
and said receiver below the level of the non-
compressible fluid therein to utilize the pressure
in the receiver to transfer non-compressibie fluid
to the second named end of said cylinder to re-
duce the clearance space between said plunger
and the second named end of said cylinder, and
a valve controlling said pipe.

13. ‘A counterbalance comprising a cylinder, a
plunger reciprocable in said cylinder, a receiver
communicating with one end of said cylinder and
containing compressible fiuid adapted to be com-
pressed upon movement of said plunger toward

- said end of the cylinder, means for utilizing

75

movement of said plunger toward the other end
of said cylinder for pumping fluid to said re-

9

ceiver, means for reducing the clearance between
sald plunger and said other end of said cylinder,
and means for limiting the extent to which the
clearance in said other end of said cylinder can
be reduced.

14, A counterbalance comprising a cylinder, a
plunger reciprocable in said cylinder, a receiver
communicating with one end of said cylinder and
containing compressible fluid adapted to be com-
pressed upon movement of said plunger toward
said end of the cylinder, means for utilizing
movement of said plunger toward the other end
of said cylinder for pumping fluid to said re-
ceiver, means for supplying non-compressible
fluid to the second named end of said cylinder to
reduce the clearance space between said plunger
and the latter end of said cylinder, and means
for limiting the extent to which the clearance
space in the second named end of said cylinder
will ke reduced by the introduction of non-com-
pressiple fluid thereinto.

15, A counterbalance comprising a cylinder, a
plunger reciprocable in said cylinder, a receiver
communicating with one end of said cylinder
and containing compressible fluid adapted to be
compressed upon movement of said plunger to-
ward said end of the cylinder, means for utiliz-
ing movement of said plunger toward the other
end of said cylinder for pumping fluid to said
receiver, means for reducing the clearance in the

‘second named end of said cylinder, a pipe com-

municating with the-clearance space above said
plunger at a point spaced from the top of such
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clearance space, and a check valve in said pipe

opening cutwardly with respect to said cvlinder.

18. A counterbalance comprising a cylinder, a
plunger reciprocable in said cylinder, a receiver
communicating with one end of said cylinder
and containing compressible fluid adapted to be
compressed upon movement of said plunger to-
ward said end of the cylinder, means for utiliz-
ing movernent of said plunger toward the other
end of said cylinder for pumping fluid to said
receiver, means for supplying non-compressible
fluid to the second named end of said cylinder
to reduce the clearance space between said plung-
er and the latiter end of said cylinder, a pipe
communicating with the clearance space in the
second named end of said cylinder at a point
spaced from the top of such clearance space to
limit the reduction thereof upon introduction of
non-~compressible fluid into the second named end
of said cylinder, and a check valve in said pipe
opening outwardly with respect to said cylinder.

17. A counterbalance comprising a receiver, a
cylinder communicating at one end with said
receiver and having its other end normally
closed to the atmosphere, said receiver contain-
ing a body of a non-compressible fluid trapping
a body of a compressible fluid in said receiver
to be compressed upon movement of said plung-
er toward the first named end of said cylinder,

" means for utilizing movement cf said plunger

toward the second named end of said cylinder to
pump fluid to said receiver, means for transfer-
ring non-compressible fluid from said receiver to
the second named end of said cylinder to reduce
the clearance space between said plunger and
the
means for limiting the extent to which said clear-
ance space will be reduced by the introduction of
non-compressible fluid into the second named
end of gaid cylinder.

18. A counterbalance comprising a receiver, a
cylinder communicating at one end with said
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receiver and having its other end normally closed
to the atmosphere, said receiver containing a
body of a non-compressible fluid trapping a body
of a compressible fluid in said receiver to be
compressed upon movement of said plunger to-
ward the first named end of said cylinder, means
for utilizing movement of said plunger toward
the second named end of said cylinder to pump
fluid to said receiver, means for transferring non-
compressible fluid from said receiver to the sec-
ond named end of said cylinder to reduce the
clearance space between said plunger and the
second named end of said cylinder, a discharge
bipe communicating with the second named end
of said cylinder, said clearance space extending
above said pipe to limit the reduction in said
clearance space, and a check valve in said pipe
cpening outwardly with respect to said cylinder.

19. A counterbalance comprising a vertical
cylinder, a plunger reciprocable in said cylinder,
a receiver in which said cylinder is arranged,
said receiver communicating with the lower end
of said cylinder to receive fluid displaced there-
from by said plunger, and means for sealing the
upper end of said cylinder to the atmosphere
when said plunger is arranged adjacent such
end of the cylinder whereby partial vacuum will
be created in the upper end of said cylinder upon
each downward movement of said plunger.

20. A counterbalance comprising a vertical
cvlinder, a plunger reciprocable in said cylinder,
a receiver in which said cylinder is arranged, said
receiver communicating with the Iower end of
said cylinder to receive fluid displaced therefrom
bv said plunger, means for utilizing movement of
said plunger toward the upper end of said cylin-
der for pumping a fluid to said receiver, and
means for increasing the effective length of said
plunger to decrease the clearance space there-
above.

21. A counterbalance comprising a vertical
cylinder, a plunger reciprocable in said cylinder,
8 receiver in which said cylinder is arranged,
said receiver communicating with the lower end
of said cylinder to receive fluid displaced there-
from by said plunger, means for utilizing move-
ment of said plunger toward the upper end of
sald cylinder for pumping a fluid to said receiver,
and means for supplying a non-compressible
fluid to the upper end of said cylinder to reduce
the clearance space ahove said plunger.

22. A counterbalance comprising a cylinder,
a plunger reciprocable in said cylinder, a receiver
communicating with one end of said cylinder and
containing compressible fluid adapted to be com-
pressed upon movement of said plunger toward
said end of the eylinder, means for utilizing
movement of said plunger toward the other end
of said cylinder for pumping fluid to said re-
ceiver, means for increasing the effective length
of said plunger to reduce clearance in the sec-
ond named end of said cylinder during move-
ment of the plunger toward the latter end of

- said cylinder, and means for sealing the second

named end of said cylinder to the atmosphere to
create a partial vacuum therein upon each move-
ment of said plunger toward the first named end
of said cylinder. ,

23. A counterbalance comprising a receiver,
a cylinder communicating at one end with said
receiver and having its cther end normally closed
to the atmosphere, said receiver containing a
body of a non-compressible fluid trapping a bedy
of a compressible fluid in said receiver to be
compressed upon movement of said plunger to-

2,233,225

ward the first named end of said cylinder, means
for utilizing movement of said plunger toward
the second named end of said cylinder to pump
fluid to said receiver, means for reducing the
clearance between said plunger and the second
named end of said cylinder, and means for seal-
ing the second named end of said cylinder to
the atmosphere to create partial vacuum therein
upon each movement of said plunger toward the
first named end of said cylinder.

24. A counterbalance comprising a receiver, a
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cylinder communicating at one end with said re- ..

ceiver and having its other end normally closed
to the atmosphere, said receiver containing a
body of a non-compressible fluid trapping a body
of a compressible fluid in said receiver to be
compressed upon movement of said plunger to-
ward the first named end of said cylinder, means
for utilizing movement of said plunger toward
the second named end of said cylinder to pump

fluid to said receiver, means for transferring

non-compressible fluid from said receiver to the
second named end of said cylinder to reduce the
clearance space between said plunger and the
second named end of said cylinder, and means for
sealing the second named end of said cylinder

to the atmosphere to create a partial vacuum -

therein upon each movement of said plunger
toward the first named end of said cylinder.

25. A counterbalance  comprising a vertical

cylinder, a plunger reciprocable in said cylinder,
a receiver in which said cylinder is. arranged,
said receiver communicating with the lower end
of said cylinder to receive fluid displaced there-
from by said plunger, means for utilizing move-
ment of said plunger toward the upper end of
said cylinder for a compressible fluid to said
receiver, means for supplying a noh-compressible
fluid to the upper end of said cylinder to reduce
the clearance space above said plunger, and
means for sealing the upper end of said cylinder
to the atmosphere when said plunger is arrangsd
adjacent such end of the cylinder whereby par-
tial vacuum will be created in the upper end of
said cylinder upon each downward movement
of said plunger. ‘ -
_ 26. A counterbalance comprising a receiver, a
hollow member, a fluid displacing member mov-
able in said hollow member, said receiver com-
municating with said hollow member to receive
fluid displaced therefrom by said displacing mem-
ber, a body of a non-compressible fluid trapping
a body of a compressible fluid in the top of
said receiver, said non-compressible fluid being
of a depth sufficient to form a seal between said
compressible fluid and said hollow member in
any position of said displacing member,. means
for supplying non-compressible fluid to said re-
ceiver including a supply pipe, an adjustable
blow-off valve connected to said pipe, and man-
ually controllable means for discharging non-
compressible fluid from said receiver.

27. A counterbalance comprising a receiver, a
hollow member, a fluid displacing member mov-
able in said hollow mmember, said receiver com-
municating with said hollow member o receive
fluid displaced therefrom by said displacing mem-
ber, a body of a non-compressible fluid trapping
a body of a compressible fluid in the top of said
receiver, said non-compressible fluid being of a
depth sufficient to form a  seal between said
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build up a pressure therein, means for introduc-
ing non-compressible fluid into said receiver
against the pressure existing therein, means as-
sociated with said last named means for auto-
matically controlling pressure in said receiver,
and a manually controllable valve for releasing
non-compressible fluid from said receiver.

28. A counterbalance comprising a receiver, a
hollow member, a fluid displacing member mov-
able in said hollow member, said receiver com-
municating with said hollow member to receive
fluid displaced therefrom by said displacing
member, a body of a non-compressible fluid trap-
ping a body of a compressible fluid in the top
of said receiver, said non-compressible fluid be-
ing of a depth sufficient to form a seal between
said compressible fluid and said hollow member
in any position of said displacing member, means
for supplying compressible fluid to said receiver
to build up a pressure therein, a source of sup-
ply of non-compressible fluid, means for trans-
ferring non-compressible fluid from said source
to said receiver against the pressure therein, a
blow-off valve connected to said last named
means, and means for by-passing non-compressi-
ble fluid from said receiver to said source, said
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by-passing means including a manually control-
lable valve. ’

29. A counterbalance comprising a receiver, a ,

hollow vertical member, a fluid displacing mem-
ber vertically movable in said hollow member,
said receiver communicating with the lower end
of said hollow member to receive fluid displaced
from said hollow member upon downward move-
ment of said displacing member, a body of a
non-compressible fluid in said recelver trapping
a body of a compressible fluid in the top of said
receiver, said non-compressible fluid being of a
depth sufficient to form a seal between said com-
pressible fiuid and said hollow member in any
vertical position of said displacing member, a
source of non-compressible fluid, pumping means
for transferring mnon-compressible fluid under
pressure from said source to said receiver, a
plow-off valve between said pumping means and
said receiver, a by-pass connecting the outlet of
said blow-off valve to said source, and a second
by-pass for returning noncompressible fluid from
said receiver to said source, said second by-pass
including a manually controllable valve.
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