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Application filed May 19, 1932. Serial No. 612,348. 
This invention relates to liquid pumps of 

that type operated by high pressure gas or 
air, and has for one of its objects to provide 
a pump of this character adapted for single 
or multi-stage use and which will be colm 
paratively simple in construction and opera 
tion and which will be adapted to be im 
mersed to a comparatively great depth in 
the liquid to be pumped. 
The invention has for a further object to 

provide a pump of the character stated 
wherein the valve, controlling the admission 
of the operating medium to and its dis 
charge from the working chamber of the 
pump, will be operated by mechanism which 
cannot be damaged or rendered inoperative 
by the greatest pressure likely to be encoun 
tered in the working chamber. 
To attain the foregoing and other objects, 

the nature of which will appear as the de 
scription proceeds, the invention compre 
hends a pump wherein the valve operating 
mechanism will include means constantly 
tending to move the valve into pumping po 
sition, and a weight acting to shift the valve 
into filling position when the liquid in the 
operating or working chamber is reduced 
to a predetermined level, the downward 
foree of the weight being lessened sufficient 
ly to permit said means to shift the valve to 
pumping position when the liquid in the 
chamber rises to a predetermined level, the 
weight at all times exerting a downward 
force on the rest of the valve operating 
mechanism. . S. - - 

. The invention is hereinafter fully de 
scribed, and claimed, and diagrammatically 
illustrated in the accompanying drawing, 
wherein: v- . . . . " 

Figure 1 is a diagrammatic vertical sec 
tional view of a pump embodying my in 
vention, the valve of the pump being shown 
in pumping position, and 

Fig. 2 is a similar view of the pump with 
the valve in filling position. 

Fig. 3 is an enlarged fragmentary view of 
the valve and toggle spring assembly in the 

50 

position of Figure 1. V 
The amount of movement of the valve 

stem and of the opening and closing of the 

tends to the up - 
chamber 14a located between the valve seats 

valves is actually quite small, the drawing 
being, for the purpose of clear illustration, 
Somewhat exaggerated. ? 

Referring in detail to the drawing, 1 des. 
ignates an outer and 2 an inner casing of 
the pump. The casing 1 is provided with 
a foot valve 3, and secured to the upper end 
of this casing is a valve and coupling block 
4. A pipe 5 extends from the block, 4 to 

pipe 5 is connected to the next highest stage. 
The block 4 is pros 
through which the liquid being pumped 
flows from the outer casing 1 into the pipe 
5. Downflow through the pipe 5 is pre 
Vented by a ball check valve 7 located in the 
pipe immediately above the block 4. 
The inner casing 2 has its upper end Se 

cured, as at 8, to the block 4, and is spaced 
from the outer casing to provide an annular 

valve 3 to the block. The inner casing 2, 
which is closed at its lower end, as at 10, 
constitutes a working chamber. This cham 
ber communicates at its lower end with the 
flow passage 9 by way of radial ports 11, 
and communicates at its upper end with a 
passage 12 formed axially in the block 4 
and through which the operating medium, 
such as high pressure gas or air, flows into 
and out of the working chamber. 
A double Seat poppet operating valve con 

trols the flow of the operating medium into 
and out of the working chamber 2. The 

and the lower seats 14 of the valve face 
downwardly. An inlet passage 15 for the 

the top of the well when but one stage is 60 
used. If two or more stages are used, the 

provided with passages 6 
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flow passage 9 which extends from the foot 
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upper seats 13 of the valve face upwardly, 

operating medium extends from the upper 
end of the block 4 to a chamber 13a, located 
between the valve seats 13. A discharge 
passage 16 for the operating medium ex 

per end of the block 4 from a 

14. A tube. 17 conveys the operating me 
dium to the passage 15, and a tube 18 con 

tudinal passage 19, communicating with the 
chambers 13a and 14a above and below the 
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veys the exhaust operating medium from the 
passage 16 to the top of the well. A longi- . 
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25 is sleeved; on the rod 22 with its lower 
end bearing against the lower end of the 
casing 24 and with its upper end bearing 
against a shoulder 26 on the rod, 22. The 
tension on spring 25 may be adjusted by 
screw means as indicated on the drawing. 
The casing 24 is carried by the coupling 8 
and has its lateral wall perforated and 
spaced from the lateral wall of the working 
chamber 2, so that the operating medium 
may flow into and out of the working 
chamber. 
The gravitational force of the weight 21 

is greater than the force of the spring 25. 
Under conditions hereinafter set forth, the 
weight 21 acts to move the valve stem 20 
downwardly to close the inlet passage 15 
and open the exhaust passage 16, and thus 
move the valve from its pumping to its 
filling position. Under conditions herein 
after set forth, the spring 25 acts to move 
the valve stem upwardly to open the inlet 
passage 15 and close the exhaust passage 
16, and thus move the valve from its filling to its pumping position. 
The upper end of the rod 22 fits in the 

forked lower end of the valve stem 20. 
These ends have, as shown at 27, a pin and 
slot connection, so that the rod 22 may move 
upwardly and downwardly for a limited dis 
tance without moving the valve stem 20. 
After the downward movement of the rod 
and Weights 22 for this limited distance, 
toggle springs 28 act to effect the instantane 
ous movement of the valve from its pumping 
to its filling position, and after the upward 
movement of the rod and weights for this 
limited distance, these springs act to effect 
the instantaneous movement of the valve 
from its filling to its pumping position. 
These springs have knife edge ends 28a, and 
285 engaging corresponding grooves in op 
posite sides of the rod 22 and grooves in 
slightly cambered bearing members 29 re 
cessed in adjustable screw plugs 30 in the 
casing 24. The springs 28 extend upwardly the passage 6 to and through the pipe 5 to when the valve is in pumping position, as 
shown in Figure 1. o 
downwardly when the valveis in fillingpo 
sition, as shown in Figure 2. The springs 
28 are moved past dead center from one of 
their inclined positions by the rod 22 during 
the ilimited movement of the rod with rela 
tion to the valve stem 20. The springs 28 
are under initial tension and exert sufficient 
power to quickly move the slightly overbal 
anced valve stem 20 from one of its positions 
to the other after slight movement beyond 
dead center. 
The weight 21 functions to effect the 

movement of the valve from one of its posi 
tions to the other on the principle that every 
body immersed in a liquid is submitted to 
the actions of two forces; namely, gravity, 
which tends to lower it, and the buoyancy of 

... the working chamber 2 rises to a predeter- as 

The springs extend 

3 

the liquid, which tends to raise it with a 
force equal to the weight of the liquid dis 
placed. It therefore follows that the down 
ward force of the weight 21 will decrease 
and increase as the liquid rises and falls in 
the working chamber 2. A decrease in the 
downward fore of the weight effects the 
movement of the valve from its filling to its 
pumping position, and an increase in the 
downward force of the weight effects the 
movement of the valve from its pumping to 
its filling position. When the valve is in 
filling position, the inlet passage 15 is closed 
and the exhaust passage 16 is open, the 
spring 25, being subject to the gravitational 
force of the weight 21, is under compression, 
and the toggle springs. 28 incline down 
Wardly, as shown in Figure 2. When the 
liquid flowing into the passage 9 and into 

mined level, such as arbitrarily indicated in 
Figure 1, the downward force of the Weight 
21 will be reduced by the buoyancy of the 
liquid sufficiently to permit the spring 25 to 
react and move the weight and the rod 22, 
upwardly against the action of toggle 
springs 28. During the first phase of its 
upward movement, the rod 22 will, due to its 
pin and slot connection 27 with the valve 
stem 20, move with relation to the valve 
stem, and carry the toggle springs 28 past 
their dead center. Immediately after the 
springs 28 have been moved past their dead 
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center they will, as all lost motion between 
the link 22 and valve stem 20 has been taken 
up, act in conjunction with the spring 25 to 00 

quickly shift the valve from filling to pump 
ing position. When the valve is in pumping 
position the inlet passage 15 is open, the 
exhaust passage 16 is closed, and the toggle 
springs incline upwardly. The incoming op 105 

erating medium-high pressure gas or air 
forces the liquid in the working chamber 2 
through the ports 11 into flow passage:9, the , 
liquid flowing from this passage through 
the top of the well, or to the next highest 

110 

stage of the pump, depending upon whether 
one or more stages are used. When the level 
of the liquid in working chamber 2 is re 
duced to a predetermined level, such as ar 
bitrarily indicated in Figure 2, the down 
ward force of the weight 21 will be in 
creased sufficiently to cause it to move down 
Wardly against the tension of the springs 25 
and 28 and move the rod 22 downwardly. 
During the first phase of its downward 
movement, the rod 22 will, due to its pin 
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and slot connection 27 with the valve stem 
20, move with relation to the valve stem and carry the toggle springs 28 past their dead 
center. Immediately after the springs 28 

125 

have been moved past their dead center they 
will, as all lost motion between the link 22 

130 and valve stem 20 has been taken up, act in 



shift the valve from 

5 

4. 

conjunction with the weight 21 to quickly 
pumping to filling 

position. 
The downward force of the weight 21 

will not become greater than the power of 
the spring 25 and springs 28 until the liquid 
in the working chamber 2 falls to a prede 

O 

20 

termined low level, and the downward force 
of the weight, combined with the downward 
force exerted by springs 28, will not become 
less than the upward force of the spring 25 
until the liquid reaches a predetermined 
high level in the working chamber. 

For example, assuming that the weight at 
a particular rising level of liquid while the 
pump is filling, exerts a downward gravi 
tational force of 10 lbs. Assume that this is 
balanced by a net upward force of 10 lbs. 
being the difference between the upward 
force of the operating spring 25 of 50 lbs. 
and the downward force of the toggle 
springs of 40 lbs. With this balanced con 
dition, a further rise of liquid level will re 
duce the downward force of the weight 
slightly, which will permit the operating 
spring to move the rod 22 and the weights 
up until the dead center of the toggle springs 
is passed when they quickly actuate the 
valve by exerting their force upwardly. 
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By way of further illustration, assuming 
that the weight at a particular decreasing 
level of liquid while the pump is pumping, 
exerts a downward force of 50 lbs., and that 
this is balanced by 40 lbs. exerted upwardly 
by the toggle springs and 10 lbs. exerted up 
wardly by the extended operating spring. 
With this balanced condition, a further de 
crease of liquid level will increase the down 
ward force of the weight slightly, which 
will move the rod 22 downwardly until the 
dead center of the toggle springs is passed 
when they quickly actuate the valve by ex 
erting their force downwardly. The fig 
ures given are purely illustrative and the 
invention is in no wise to be limited thereto. 
The levels as illustrated in the drawing, 

are merely arbitrary and for illustration 
only, and are not to be construed as limiting 
the levels to any particular points in the 
length of the working chamber. 
In order to prevent the rushing motion of 

liquid flowing into and out of the working 
chamber 2 from imparting any axial motion 
to the weight 21, and thus insure the shift 
ing of the valve solely as the result of va 
riations in the buoyancy of the weight, (i. e. 
as the result of variations in the effective 

60 

downward force of the weight on the valve 
control assembly including the spring 25) 
the lowermost of the upper weight sections 
21a, is provided at its lower end with a cone 
or taper 33, and the uppermost of the lower 
weight sections is provided at its upper end 
with a cone 34. The cones or tapered ends 

5 split the inflowing and outflowing streams 

sections. 
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of liquid and thus prevent their imparting 
axial movement to the weight and prevent 
premature shifting of the valves. As shown, 
the cones 33 and 34 are in the form of at 
tached shields, but it will be apparent that 
they may be formed integral with the weight 

That the cones or tapered ends 
may be employed, if desired, in connection 
with all of the ends of the weights, will be 
apparent. The plate 10 which closes the 
lower end of the working chamber 2 an 
swers the same purpose for the incoming oil. 
This plate splits the inrushing oil and makes 
it enter the inner chamber through slots 11, 
thereby preventing the weights from being 

up and shifting the valve prema 
turely. . . 
The weight 21 is made from non-magnetic 

metal to the end that it may function effi 
ciently in wells having high residual mag 
netism, it being an object of the invention 
to provide non-magnetic buoyant means for 
the operation of pumps. Some oil wells 
have a high residual magnetism, and the use 
of ferrous or other magnetic floats or 
weights as the buoyant actuating means for 
the valves is impractical in magnetic wells, 
as this magnetism will hinder the successful 
operation of the buoyant means. Alumi 
num Weights have been found by experiment 
to operate successfully in magnetic wells 
Such as are encountered in California. 
The weight 21 is of sectional formation 

in order to prevent the “column effect” en countered in high pressures bending or 
otherwise damaging it, and to provide for 
lateral flexibility when operating in crooked 
Wells. The weight 21 is long and slender to 
adapt it to be used in small diameter wells 
and to function efficiently in crooked wells. 
A buoyant member used as an operating 

means in an oil well must of necessity be 
long and slender. It must have length in 
order to give it volume, and it must be 
slender to adapt it for use in oil wells, the 
casings of which are sometimes as small as 
4 in diameter. 
A buoyant member in a well pump, to ?? 

erate high pressure valves and overcome 
friction of the moving parts, as well as the 
friction between the buoyant member and 
its housing (particularly in crooked wells) 
must have considerable volume, as the vol 
time of liquid displaced by the buoyant 
means is a measure of the buoyant effort 
available for the operation of the pump. 
A buoyant member having sufficient volume 
for the operation of a pump becomes too 
long for practical use when high pressures 
are encountered unless it is sectionalized; 
i. e., in several parts. The reason for this 
is that a long, slender buoyant member has 
the high pressure acting on its ends, and this 
end pressure produces a “column effect' in 
the buoyant member and causes it to bend 
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or break intermediate its ends and this ren 
ders it useless. Bending causes the buoyant 
member to bind in its working housing and 
thereby renders it useless for the operation 
of the pump. If, as in the present inven 
tion, the buoyant member is made in Several 
pieces and the pieces short enough to with 
stand the “column effect” of the pressure 
under which they work, these difficulties are 
(WECO. . . ?? 

The weight 21 functions more efficiently 
than a float, especially in high pressures, for 
the reason that a float made strong enough, 
to withstand high pressures would be.so 
heavy that its useful buoyancy is insuffi 
cient for satisfactory operation of the 
valves. ? 

The invention provides a valve structure 
in a well pump that has no sliding contacts, 
thereby eliminating friction, and also elimi 
nating the need for lubrication. This is 
very important as when natural gas is used 
for the operation of a pump, the gas ren 
ders any, bearings or sliding contacts ex 
tremely dry, and, therefore, increases the 
friction in the valve structure to such an 
extent that successful operation is question 
able and in some cases impossible. ? ? 
A feature of the present invention is that 

a downward force is at all times exerted on 
the valve operating or control mechanism 
by the buoyantly controlled member or 
weight, also referred to herein and in the 
claims as a buoyant member or members. 

Floats cannot be used when their buoyant 
force alone must operate a valve, because 
under high pressure floats must be made so 
heavy to withstand pressure that the buoy 
ant effect available is very small, whereas 
with a weight the buoyant effect can be very. 
much greater, inasmuch as the excess weight 
of a weight over that of a float is counter 
balanced, this excess weight being counter 
balanced by a spring, as shown, or by an 
other Weight, or by any other means. The 
weights must always exert a downward 
force against the counterbalancing force. 
This construction tends toward improved 
stability and accuracy of operation as dis 
tinguished from floats. 

Îclaim: 
1. In a liquid pump, a Working chamber, 

valve means controlling motive fluid inlet 
and exhaust for said chamber, operating 
means constantly tending to move said valve 
means into inlet position, and a buoyant 
member located in said chamber and con 
stantly exerting a downward force tending 
to move the valve means into exhaust posi 
tion, said buoyant member being adapted 
when the liquid in said chamber is reduced 
to a predetermined low level to positively 
move said valve means into exhaust posi 
tion against the force of said operating 
means, said buoyant member having its 

downward force reduced by the buoyancy 
of the liquid when it rises to a predetermined 
high level in said chamber to permit said 
valve means to be moved by said operating 
means into inlet position, said operating 
means including the buoyant member be 
ing in substantial longitudinal alignment 
for a substantially frictionless line motion 
directly from the buoyant force of the liquid 
On the said member to the valve means. 

2. Apparatus according to claim 1 in 
which said operating means comprises a 
spring constantly tending to move said valve 
means upwardly against the gravitational 
force of said weight. 

3. In a liquid pump, a Working chamber, 
waive means controlling motive fluid inlet 
and exhaust for said chamber, and means for 
Operating said valve means, said operating 
means including a weight located in said 
chamber and having its downward force va 
ried by the rise and fall of the liquid in said 
chamber to effect the operation of said valve 
means, said operating means including the 
Weight being in Substantial longitudinal 
alignment for a substantially frictionless. 
line motion directly from the buoyant force 
of the liquid on the weight to the valve 
means, said 
motion. - 

4. In a liquid pump, a working chamber, 
Valve means controlling motive fluid inlet 
and exhaust for said chamber, and means for 
Operating said valve means, said operating 
means including a weight located in said 
chamber and exerting at all times a down 

parts being free from rotary 

Ward force on the rest of the valve operating 
means, said weight having its downward 
force varied by the rise andfall of the liquid 
in said chamber to effect the operation of 
said valve means, said valve operating means 
also including à rod connecting the said 
Weight with the valve stem, a spring con stantly tending to move the rod upwardly, 
and toggle Spring means to actuate said rod 
in conjunction with said weight and spring. 

5. in a liquid pump, a working chamber, 
valve means controlling motive fluid inlet, 
and exhaust for said chamber, and means 
for Operating said valve means, said operat 
ing means including a weight located in said 
chamber and exerting at all times a down 
Ward force on the rest of the valve operat 
ing means, said weight having its downward 
force varied by the rise and fall of the liquid 
in said chamber to effect the operation of 
said valve means, said valve operating 
means also including a rod connecting the 
said Weight with the valve stem, a spring 
constantly tending to move the rod upward 
ly, toggle spring means to actuate said rod 
in conjunction with said weight and spring, 
and a lost motion connection between the 
end of the rod and the valve stem to provide 
for positive and instantaneous action of the 
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toggle springs upon the valve stem when 
their dead center is passed. 

6. Apparatus according to claim 1 in 
which said means comprises a spring con 
stantly tending to move said valve means up 
wardly against the downward force of said 
buoyant member, said valve and operating 
means including the buoyant member and 
spring being in longitudinal alignment for a 
substantially frictionless line motion directly 
from the buoyant force of the liquid on the 
buoyant member to the valve means, said 
parts being free from rotary motion. 

15 

30 

35. 

AO 

T45 

60 

65 

7. In a liquid pump, a working chamber, 
valve means controlling motive fluid inlet 
and exhaust for said chamber, and means 
for operating said valve means, said means 
including a weight located in said chamber 
and having its downward force varied by the 
rise and fall of the liquid in said chamber 
to effect the operation of said valve means, 
said weight comprising upper and lower 
weight sections with laterally flexible con 
nections therebetween, normally tending to 
hold the weight sections all in line and ax 
ially parallel or coincident with the axis 
of the working chamber. - 

8. In a liquid pump, a working chamber, 
valve means controlling motive fluid inlet 
and exhaust for said chamber, and means for 
operating said valve means, said operating 
means including a weight located in said 
chamber and having its downward force var 
ied by the rise and fall of the liquid in said 
chamber to effect the operation of said valve 
means, said. Weight comprising an upper 
pair of adjacent weight sections and a lower 
pair of adjacent weight sections and longi 
tudinally rigid connections between said 
weight sections, the connection between said 
pairs being laterally flexible and resilient, 
said connections normally tending to hold 
the weight sections all in line and axially 
parallel or coincident with the axis of the 
working chamber. 

9. Apparatus according to claim 7 in 
which said upper and lower weight sections 
are disposed on opposite sides of the trans 
verse center of the length of the Weight, 
and tapered ends provided on the weight 
sections to provide a streamline effect pre 
venting premature movement of the weight 
by the rush of liquid into and out of the 
working chamber. 

10. In a liquid pump, a working chamber, 
valve means controlling motive fluid inlet 
and exhaust for said chamber, and means for 
operating said valve means, said operating 
means including a weight located in said 
chamber and exerting at all times a down 
ward force on the rest of the valve operat 
ing means, said weight having its down 
Ward force varied by the rise and fall of the 
liquid in said chamber to effect the opera 
tion of said valve means, said weight com 
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prising upper and lower weight sections 
with connections therebetween, and fluid 
splitting means provided on the ends of the 
Weight sections to prevent premature move 
ment of the weight by the rush of liquid. 

11. In a liquid pump, a working chamber, 
valve means controlling motive fluid inlet 
and exhaust for said chamber, operating 
means constantly tending to move said valve 
means into inlet position, and a weight lo 
cated in said chamber and adapted when 
the liquid in said chamber. is reduced to a 
predetermined low level to move said valve 
means into exhaust position against the force 
of said operating means, said weight having 
its downward force reduced by the liquid 
when it rises to a predetermined high level 
in said chamber to permit said valve means 
to be moved by said operating means into 
inlet position, said valve means comprising 
a pair of valves controlling admission of 
motive fluid and a pair of valves controlling 
vent or exhaust of motive fluid, said valves 
all being mounted in line on a common stem. 

12. Apparatus according to claim 11 in 
which the valves of each pair have differen 
tial pressure receiving areas to maintain 
them normally seated. 

13. In a liquid pump, a working chamber, 
valve means controlling motive fluid inlet 
and exhaust for said chamber, and means for 
operating said valve means, said operating 
means including a weight located in said 
chamber and exerting at all times a down 
ward force on the rest of the valve operat 
ing means, said weight having its down 
ward force varied by the rise and fall of the 
liquid in said chamber to effect the operation 
of said valve means, said valve operating 
means also including a rod connecting the 
said weight with the valve stem, a spring 
constantly tending to move the rod up 
Wardly, toggle spring means to actuate said 
rod in conjunction with said weight and 
spring, and a lost motion connection between 
the end of the rod and the valve stem to pro 
vide for positive and instantaneous action 
of the toggle springs upon the valve stem 
when their dead center is passed, said valve 
means comprising a pair of valves controll 
ing admission of motive fluid and a pair of 
valves controlling vent or exhaust of motive 
fluid, said valves all being mounted in line 
on a common operating stem, and the valves 
of each pair having differential pressure re 
ceiving areas to maintain them seated 
normally. · · 

14. In a liquid pump, a valve block, 
valves in said block controlling motive fluid 
inlet and exhaust, an outer casing, an inner 
casing forming with the outer casing a dis 
charge conduit for liquid being pumped 
from the casing through the valve block, a 
weight within said inner casing, a third cas 
ing depending from said valve block, a rod 
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extending upwardly from said weight and 
guided in the lower end of said third casing, 
ports in Said casings to provide for entrance 
and egress of motive fluid and of liquid be 
ing pumped and a connection between said 
rod and valves to operate the valves. 

15. Apparatus according to claim 14 in 
which a pair of motive fluid inlet valves 
and a pair of motive fluid outlet valves are 
provided in line on a common operating 
stem, a motive fluid inlet port in the valve 
block leading to a chamber between the two 
inlet valves, chambers above and below said 
inlet valves each communicating with a ver 
tical passage to the open lower end of the 
valve block, a motive fluid outlet port lead 
ing to a chamber between the two outlet 
valves, ports in said third casing communi 
cating the lower open end of the valve block 
with the interior of said inner casing, and a 
port through the valve block from said dis 
charge conduit for upward discharge of 
pumped liquid. 

16. Apparatus according to claim 14 in 
which said connection includes a valve stem 
common to all of the valves, a lost motion. 
connection between said rod and valve stem, 
toggle Springs engaging grooves in the rod 
and in the said third casing, and a spring 
adjustably seated on the third casing and 
engaging said rod to urge the same 
upwardly. 

17. Apparatus according to claim 14 in 
which said weight is of elongated sectional 
formation, including conical ends provided 
On the weight Sections, said inner casing 
having its lower end sealed and provided 
with ports in its wall for passage of liquid, 
to prevent the rush of liquid into and out of 
the pump from prematurely moving the 
Weight. 

18. In a liquid pump according to claim 1, 
said buoyant member acted upon by the 
buoyancy of the liquid for operating said 
valves being of non-magnetic material. 

19. Apparatus according to claim 7 in 
which said weight is constructed and ar 
ranged to exert at all times a downward 
force on the rest of the valve operating 

88.S. 

20. Apparatus according to claim 7 in 
which said Weight is sectionalized, each sec 
tion being sufficiently strong as a column to 
resist the force affecting it as a column, said 
force being caused by the pressures to which 
it is subjected. 
In testimony whereof I affix my signature. 

SAMUEL W. TRAYLOR, JR. 


