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1. 
The present invention relates to a deep Well 

pumper. That is to say, it has particular ad 
vantages in connection with deep well pumping, 
although it will be understood that its features 
are applicable to other related Operation.S. 

In particulat, this punimper is of the type haV 
ing a pumping mechanism disposed adjacent the 
botton of a, Well and connected by a power oil 
pipe to the top of the Well, in Which the power oil 
is subjected to pressure that produces a pressure 
condition at the botton of the Well greater than 
the column of oil being pumped. This power oil 
is used to cause operation of the pumping mecha 
nism disposed in the botton of the well. 
In the present invention, a Walving, means is 

provided for controlling the disposition of this 
power, oil upon pumping piston means. In par 
ticular, the pumping mechanism comprises a 
double-acting, piston, having two piston heads 
each operating in a cylinder. The cylinderS, on 
corresponding sides of the two pistons, are alter 
nately subjected to the power oil, so that the two 
pistons are alternately driven in opposite direc 
tions. The corresponding sides of the cylinders 
On the Opposite sides of the pistons are those 
which alternately draw oil from the well and 
eject it into the casing above the pumping mecha 
Ilisi. 

It is an object of this invention to provide a 
Walving mechanisin for controlling the disposi 
tion of the power oil to the pistons alternately, 
which Walving mechanism is reversed by a force 
produced as the pistons approach the extremes 
of their strokes. Particularly, it is an object of 
the invention to provide a valving mechanism 
Which first applies power oil to one piston and 
then to the other, exhausting the power oil pre 
viously supplied to said other piston while it is 
applying powei oil to the first one, and employing 
pressure developed from the exhausting pressure 
oil to reverse the valve mechanism. 

it is a further object to employ the foregoing 
System to act as a dashpot means for the pistons. 
it is a particular object to provide a pumping 
device and a reversing valve mechanism that 
relieves the power substantially concurently with 
the arrival of the piston at the end of its stroke. 
More particularly, it is an object of the inven 

tion to employ the exhausting power oil from 
the exhausting piston to charge a reversing pres 
Stre charaser on reversing valve mechanism, and 
then to cause pressure to be applied, through 
the action of the piston, to the oil thus charged 
to the pressure chamber, whereby to reverse 
the valve raechanism. 
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A further object of the invention is to provide 

a dashpot plunger, One end of which is in Com 
munication, with the pressure chamber of the 
reversing valve mechanism, and valve means 
aSSociated with the dashpot plunger, through 
which the oil from the exhausting cylinder may 
charge the pressure chamber, in an arrallgement 
by which the valve is closed by the main piston, 
and which dashpot plunger is thereafter actu 
ated by the main piston, so that the entrapped 
dashpot oil is then caused to be subjected to 
pressure that actuates the reversing valve, 

Further objects include the provision of means 
to provide complete piston travel before the pis 
ton stops. Particularly, it is an object to pro 
Wide the complete piston travel through the 
medium of a pilot valve in the reversing valve 
nechanism. 
A further object is to provide valves that are 

initially loaded so that they will start the mecha 
nism in the right direction. 
In the dra Wings: 
Fig. 1 is a broken View of the pumping mecha 

nism, shown in diametric Section; 
Fig. 2 is an enlarged view in section of one of 

the dashpot plungers; and 
Fig. 3 is a diagrammatic Section showing the 

Valve mechanism. 
The mechanism, may be understood by refer 

ring to Fig. 3, wherein the valve mechanism is 
developed out of circular arrangement. There 
is a well casing f. This well casing 0 has a 
Conventional shoe at its bottom, this shoe 
being designated diagrammatically in Fig. 3. 
The shoe has a tapered opening therethrough. 
A pumper mechanism COmprises a tubular 

portion 2 having an upper head 3 thereon and 
a lower head 4 thereon. This lower head is 
tapered and fits in sealing relation into the 
tapered opening of the shoe it. By this means, 
the pump casing 2, which is Smaller in diameter 
than the well casing fo, provides a Space 5 within 
the casing above the shoe, for the reception of 
the oil that is pumped. 
The lower head 4 has a central passage 6 

therethrough that communicates with the Sup 
ply of oil in the well that is to be pumped. This 
paSSage 8 connectS With an elongated tube or 
paSSage? that leads up to the upper head 3. 
In the upper head 3, the passage 6 connects 

through a ball check valve or the line 8 with 
the upper end of an upper cylinder formed by a 
cylinder Wall member 9 that is attached to the 
'head and is Smaller in diameter than the pumper 
casing 2. The cylinder 9 is connected at its 

  



2,629,829 
3 

lower end with a valve mechanism housing, gen 
erally designated at 29. The lower end of the 
valve mechanism housing 20 is connected to a 
lower cylinder 2 that is attached at its lower 
end to the head 14. The tube or passage T that 
leads into the head 3 connects across a ball 
check valve 22 into the lower end of the cylin 
der 2. 
There is a piston 24 reciprocable within the 

upper cylinder casing 9. This piston is mount 
ed upon a piston rod 25 that slidably paSSes 
through the valve housing 29 into the lower cyl 
inder casing 2 where it supports a second pis 
ton 26. The two pistons 24 and 26 thereby re 
ciprocate together in their respective cylinders, 
The piston 24 divides the cylinder 9 into op 

posite chambers. The one above the piston 24 
is designated at 28; that below the piston 24 
is designated at 29. In like manner, the piston 
2S divides its cylinder into an upper chamber 
3) and a lower chamber 3. 
The upper chamber 28 of the piston 24 con 

nects through a ball check valve 33 by Way of 
a passage 34 with the space 5 between the Well 
casing it and the pump casing 2. In like man 
ner, the lower chamber 3 below the piston 26 
connects across a ball check valve 37 by Way of 
a passage 38 to the space 5. 

It may be seen that, when the piston 24 
descends, it may open the check valve 8 and 
close the check valve 33. Likewise, When the 
piston 26 ascends, it may open the check valve 
22 and close the check valve 37. 
The pump pistons are actuated oppositely by 

means of power oil. This oil is introduced into 
the top of the upper head 3 through a passage 
( ). It will be understood that the passage 40 
is connected by a pipe to the top of the Well 
where a pressure applying mechanism is dis 
posed to maintain a pressure on the oil column 
at the bottom of the line 40 that is greater than 
the head of pressure of the oil column being 
lifted. 
The passage 40 in the head 3 connects by a 

pipe 4 down into the housing 20 for the valve 
mechanism. In this housing 20, the pipe A leads 
to a mid-portion thereof. This pipe 4 within 
the valve housing 29 opens directly into a reverS 
ing valve cylindrical chamber 43 and is COn 
nected by a cross port 44 that, at all times, opens 
into a pilot valve chamber 45 and a double-act 
ing relief valve cylindrical chamber 45. 
The cylinder 43 receives a reversing valve 48 

of the three-land i type. The three lands pro 
vide an upper valve passage 49 and a lower 
valve passage 50. They also provide an upper 
pressure chamber 5 and a lower pressure cham 
ber 52, to receive fluid under pressure for the 
actuation of the valve 48 either up or down. A 
coil spring 53 in the lower pressure chamber 52 
normally urges the valve upWardly. 
The valve chamber 43 has a connection by Way 

of a passage 55 leading through the valve hous 
ing 28 to the piston chamber 29 below the pis 
ton 26. It also has a corresponding passage 56 
that leads to the chamber 39 above the pistOn 
26. In addition, it has two exhaust paSSageS 
5 and 53 that connect With the receiving Space 
?5? 
in its indicated position, the pipe 4 is connected 
through the valve passage 49 with the paSSage 
55 leading to the chamber 29 below the piston 
24. The exhaust passage 5 is closed. The lower 
passage 56 is connected to the exhaust passage 

It may be seen that, when the valve 48 is 
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4. 
53 by the valve passage 50. It is cut off from the 
preSSure paSSage 4 by the valve. 
The slide valve 48 is adapted to be actuated 

by power oil applied oppositely to its pressure 
chambers 5 and 52. This is controlled by a 
three-land pilot valve 62, that reciprocates with 
in the cylinder 45 in the housing 28. 
The three lands provide an upper valve pas 

Sage 63 and a lower valve paSSage 64. Above 
the valve 62, there is a pressure chamber 65, and 
below it is a pressure chamber 66. A coil spring 
Si normally urges the Walve 62 downWardly. 
The cylinder 45 is connected by an upper pas 

Sage 68 that leads to the pressure chamber 5 
of the valve 48. It is likewise connected by a 
corresponding passage 69 with the lower pres 
Sure chamber 52 of the valve A8. The chamber 
ÉS is also connected toward its opposite ends 
by ports 0 and with an exhaust passage 72 
that constantly opens to the passage 5. As 
shown, this passage 72 connects with the valve 
cylinder 46, but is constantly open around the 
valve therein, as by a groove. The two exhaust 
ports 70 and 7 are spaced to be controlled by 
the end lands of the valve 62. The middle land 
controls the pressure oil port 24. 
The valve 62 is actuated by pressure introduced 

at its opposite pressure chambers S5 and 66 under 
control of a four-land double-acting pressure 
relief valve 6 that reciprocates in the cylinder 
AS. The four lands provide an upper valve pas 
Sage 28, a middle pasage 79, and a lower passage 
89. Above the valve 76, there is a pressure 
chainber 8, and below it a pressure chamber 82. 

he valve S is shown in a lower position in 
Fig. 3. This valve has an extending valve stem 
8 projecting into the upper pressure chamber 
6. It has a head 8 at its extreme end. Be 
tween the head 87 and the first land on the valve, 
there is a coil Spring 88 that acts oppositely 
against two collars 89 and 90, normally urging 
them apart. A tubular member 9 is attached 
into the Valve housing 2, and it has a hollow 
cap 92. In relieved position, the spring 88 
causes the collar 89 to move upwardly to engage 
the cap 92; and it also urges the collar 90 down 
Wardly to engage the end of the valve housing 
23 adjacent the fitting of the tube 9. In this 
position, the two collars 89 and 9 may be in 
engagement With the cap 92 and the upper valve 
land, respectively, and the valve will be yield 
ably maintained in neutral position. When the 
valve is moved to the position shown, the spring, 
is compressed between the collar 99, which is 
held against downward movement, and the col 
lar 89 which is forced downwardly. When the 
valve is moved oppositely from its neutral posi 
tion, the upper land will engage the collar 90 
and force it upwardly, while the collar 89 is held 
by the cap 92. The two collars 89 and 90 are 
loosely fitted in their respective parts, so that 
fluid can flow past them. 
The pressure passage 44 connects into the 

cylinder A6 in the valve passage 79 of the valve 
76. The cylinder 46 likewise is connected by a 
passage 95 to the pressure chamber 35 above 
the valve 62. The cylinder 46 is likewise con 
nected by a passage 96 with the pressure cham 
ber 66 below the valve 62. It likewise is con 
nected to exhaust through the passage 2 at its 
upper end and a port 97 at its lower end. These 
two exhaust ports connect into the space 5 with 
in the outer casing 0. 
The opposite ends of the valve 76 are adapted 

to be connected, respectively, to the inner cylin 
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valve 37, which is the equivalent of the -struc 
ture shown in Fig. 1. At the upper end of the 
space 7c, there is a connection through the 
check valve 8, shown in dotted lines at the bot 
tom of the first column of Fig. 1, into the pas 
sage 34 that opens downwardly into the interior 
of the cylinder 9. 
The upper piston 24 appears in the second col 

umn of Fig. 1, and it is attached by the piston 
rod 25 with the lower piston 26. The chambers 
28 and 29 appear in the second column above and 
below the piston 24, and the chambers 3 and 3 
appear in the third and fourth columns above 
and below the piston 26. 
The extension 9 and cap 92 of the reversing 

valve mechanism appear above the middle of the 
third column of Fig. 1. They are here shown as 
connected into the bottom of the valve housing 
28. This is the equivalent structure of that 
shown in Fig. 3, wherein these parts are shown 
as connected into the top of the valve housing. 
Adjacent them is an extension 5.3a to hold the 
spring 53 of the reversing valve. 
The cylinder chamber 29 below the upper pis 

ton 23 contains the upper dashpot plunger 82 
that operates in the upper extension 5 of the 
valve housing. Similarly, the chamber 30 above 
the piston 26 contains the lower dashpot plungei 
f . In Fig. 1, the two pistons 24 and 28 are 
broken away from the connecting rod 25 for clar 
ity. As shown in Fig. 3, one of them is up when 
the other is down. 

Operation, 
When the pumping mechanism is to be in 

serted into a well casing 0, it is connected to 
the surface by the power oil pipe that is fas 
tened to the upper head member 3b. It is low 
ered until the lower head 4 seats sealingly With 
the shoe i. The passage 6 will thereby be in 
troduced into the oil supply. Power oil is filled. 
into the pipe 40. 
At the start, the reversing valve mechanisri 

has the directional valve 48 in its upper posi 
tion under the influence of the spring 53. The 
pilot waive 62 is in its lower position under the 
influence of the spring 67. The relief valve is 
in a neutral position under the influence of its 
balancing spring 88. 
Power oil will flow through the passage 4 and 

the passage 4 to the cylinder 43 of the revers 
ing valve and the cross passage 44, from which 
latter it communicates into the two cylinders 45 

- and 4S. 
With the reversing valve 48 upwardly undner 

the influence of its spring 53, this power oil may 
flow through the Valve passage 58 and the pas 
Sage 56 to the cylinder 32 above the piston 2, . 
Also, with the pilot valve downwardly under ths 
influence of its spring 67, power oil may flow 
through the passage 44 and the upper valve pas 
Sage 63 of the pilot valve to the passage 63 lead 
ing into the pressure chamber 5 ! above the di 
rectional valve 48, The lower pressure chamber 
52 below the reversing valve 48 is connected to 
exhaust when the pilot valve 62 is down, because 
the passageway 69 connects through the lower 
passage 64 of the pilot valve 62 with the exhaust 
passage 7 il that leads to the space 5. The di 
rectional valve will be forced downwardly when 
the pressure differential between the chambers 
5i and 52 produces a force greater than that of 
the Spring 53. V 
When the directional valve is up, porting power 

oil to the pump cylinder 30, the pressure in the 
upper directional valve chamber is insufficient to 

8 
, overcome the spring 53. Hence power oil is port 
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ed by the directional valve into the cylinder 39 
until that cylinder is filled and its piston. 26 is 
down. When that condition is reached, the power 
oil will build up pressure in the upper directional 
valve chamber 5, and the directional valve will 
be forced down against the spring 53. The 
Spring 53 is thus strong enough to resist Valve 
movement under power oil pressure when the 
piston is movable, even though there be zero head 
of oil in the chamber 52. 
The lowering of the directional valve 48 intro 

dulces the power oil from the pipe 4 through the 
Valve passage 49 and the passage 55 to the cham 
ber 29 below the upper piston 24. At the same 
time, it ports the chamber 39 above the piston 
26 to exhaust into the casing space 5 through 
the passage 56, the valve passage 50, and the 
exhaust passage 58. 
The introduction of power oil to the chamber 23 

below the piston 24 causes this piston to rise 
and the piston 26 to rise with it. Elevation of 
the piston 24 first opens the valve 95 and then 
permits the plunger (2 to be elevated by its 
Spring 2. Oil may then charge the upper 
dashpot system. The valve 76 is thereby sub 
jected at its top to pressure oil and at its bot 
ton to oil at the pressure produced by the head 
in the casing Space i5. This pressure differ 
ential, even with Zero casing level head, is in 
sufficient to overcome the force of the spring 88, 
and the double-acting valve 6 remains in its 
neutral position. Even if the foregoing were 
to shift the valve 6, no change would follow, 
as the valve would be lowered, porting pressure 
oil to the top chamber 65 of the pilot valve. The 
Spring 6 has already lowered this pilot valve, 
So no shift occurs if the foregoing takes place. 
As the piston 26 rises toward the end of its 

stroke, it strikes the head í í í of the lower dash 
pot plunger ill, causing this valve to close, 
trapping the oil above the valve contained with 
in the cylinder 89, the chamber 82, and the as 
Sociated passages. This entrapped oil thereupon 
Constitutes a Substantially inelastic connection 
between the piston 26 and the lower end of the 
double-acting relief valve 76. Continued upward 
movement of the piston 26 by the action of the 
preSSure oil below the upper piston 24 will cause 
the entire plunger its to be forced upwardly 
against the Spring 2i. This action applies 
pressure to the entrapped oil acting within the 
lower chamber 82 of the double-acting relief 
valve, and the continued upward movement of the 
piston thereby causes the double-acting relief 
valve to move upwardly against the spring 83. 
In the upward movement of the valve 76 under 
force from the piston 26 acting through the con 
necting entrapped oil, the upper end of the valve 
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it can expel oil from the chamber 3 and con 
nected Spaces, through the passage 99, and out, 
past the valve f4 that is at such time open. 
There is a dashpot effect in this action of the 
valve 76. - 

It Will be understood that, during the upward 
travel of the piston 26, oil is sucked in from the 
Well through the lower passage 6 and past the 
gheck valve 22, this suction maintaining the valve 
37 closed. Thus, the lower cylinder 3 is charged 
With new oil. - 
The elevating of the double-acting relief valve 

1 in the manner aforesaid introduces pressure oil 

75 

from the passage 44 to the passage 98, which is 
now connected to the valve passage 79 between 
the two middle lands of the double-acting valve. 
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This pressure oil, acting through the passage 96, 
is delivered to the lower pressure chamber 66 
of the pilot valve 62. At the same time, the 
upper chamber 65, which contains the Spring 67, 
is ported through the passage 95 to exhaust by 
the upward movement of the double-acting relief 
valve which connects the outlet of the paSSage 
95 with the exhaust passage 97. Thus the pilot 
valve is moved upwardly by this shift. 
When the pilot valve moves upwardly, it con 

nects the pressure oil from the passage 44 to the 
valve passage 64 with the line 69 leading to the 
lower pressure chamber 52 below the reversing 
valve. At the same time, it ports the upper 
chamber 5; above the reversing valve through the 
passage 63 with exhaust by Way of the Valve 
passage 63 and the exhaust passages 70 and 72. 
Meanwhile the exhaust passage 7 is cut off 
by the bottom land of the valve 62. 
The reversing valve is, by the foregoing ac 

tion, moved upwardly. As will be understood, 
this shifting of the reversing valve cuts the cyl 
inder 29 below the piston 24 to exhaust by way 
of the valve passage 49 and the exhaust passage 
5, so that this pressure oil may enter the Space 
5. It also cuts the pressure oil through the low 

er passage 50 of the reversing valve into the 
passage 56 that leads to the chamber 39 above 
the piston 26. 
The foregoing action produces a quick reversal 

of the pressure acting in the cylinders 29 and 
30. At the end of the power stroke, the power 
is thus cut off and reversed, so that impacting 
of the moving pistons upon the fixed parts is a 
least greatly reduced. 
When the valves have reversed, the power oil 

is directed into the cylinder 30 to drive the pis 
ton 26 down, carrying the piston 24 with it. Low 
ering of the piston 26 drives the fresh oil sucked 
from the well into the pumping cylinder 3, out 
past the valve 37 into the casing space 5. At 
the same time, the upper piston 24 Sucks new 
oil into the top cylinder 28, past the valve 8. 
When the piston 26 is lowered a short distance, 

the plunger iO is returned to starting positioia 
and the valve if opened, for release of pressure 
in the double-acting Valve chamber 82. With 
both valves e4 and open, the net pressure 
differential acting upon the valve 76, in its valve 
chambers 8 and 82, again reduces until it is 
insufficient to overcome the spring 88, it being 
noted that the oil acting about the spring and 
associated parts produces forces that balance 
except for that upon the head of the valve. The 
valve 76 returns to neutral position, trapping 
the pressure positioning the pilot valve and 
holding that valve in its set position until the 
relief valve is later moved oppositely from neu 
tral position by the action of the upper plunger 
f02 depressed by the upper piston 24 toward the 
ead of the downstroke. - 
The foregoing cycle will repeat itself automati. 

cally, each stroke delivering fresh oil to the cas 
ing Space il 5. - - 

The relief valve spring 88 is calibrated to suit 
the conditions of the well wherein the pump is 
used. After the casing has been filled with 
oil, this valve is subjected to casing head pres 
Sure at one end and power oil pressure at the 
other, which is a minimum differential. 

is subjected at one end to power oil pressure and 
at its other end to zero gauge pressure. The 
spring must be strong enough to resist movement 
under this maximum differential. It is designed 

How 
ever, at the start, with a dry casing, this valve 
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10 
to permit movement only when the greater force 
produced by the dashpot plunger is applied to it. . 
This force is a function of the area of the pistons 
24 and 26 to the area of the plungers 02 and 

0. This spring may be regulated to the well 
depth, as power oil pressure is a function there 
Of. 
The pilot and directional valves are oppositely 

Spring loaded to assure that the pump will start 
properly and not hang up, either in a dry casing 
or in one containing a head of oil. Relief of the . 
power oil pressure will subject each of the walves 
to the static power oil head at one end, and to 
the static casing oil head at the other. The 
Springs 53 and 67 are strong enough to bias the 
valves against a maximum static differential be 
tween these pressures. 
The pilot valve 62, in combination with the 

directional valve 48, prevents a wire-drawn pump 
stroke. If the pilot valve were not used, and the 
directional valve were operated directly by the 
relief Valve, the directional valve night be 
cracked open in a reversing direction, and the 
piston reversed to release the relief walve back 
to neutral before the directional valve is fully 
open. A slow pump stroke, or even a block, could 
result. The present arrangement avoids this. 
The pilot valve must shaft partially before the 
directional valve can move. The relief valve can 
not neutralize until the directional valve moves. 
Hence the pilot valve must reverse at least par 
tially before the relief valve neutralizes, and the 
directional valve is assured of a complete, if de 
layed, full stroke. The pump will thus be assured 
of receiving full pressure of the power oil for 
each stroke. 
What is claimedis: 
1. A mechanism of the kind described, con 

prising a cylinder means, piston means operated 
therein by pressure differential in the cylinder 
'means. On opposite sides thereof, a fluid pressure 
line, valve mechanism movable from a position 
connecting the line to the cylinder means for ad 
mitting pressure from the line to the cylinder 
means to effect movement of the piston means, 
to a position relieving the said cylinder means 
from Said pressure that produces movement, fluid 
pressure-responsive mechanism movable to op 
erate the valve mechanism to relieving position, 
movable means operated by the piston means as 
it approaches the end of its stroke, to produce 
a pressure that actuates the fluid pressure 
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responsive mechanism, said last means includ 
ing as plunger engageable by the piston means, 
a fluid cylinder in which the plunger is movable, 
and Spring means opposing movement of the 
plunger by the piston means. 

2. A mechanism of the kind described, Conn prising a cylinder means, piston means operated 
therein by pressure differential in the cylinder 
means On opposite sides thereof, a fluid pressure 
line, valve mechanism novable from a position 
connecting the line to the cylinder means for 
admitting pressure from the line to the cylinder 
means to effect movement of the piston means, 
to a position relieving the said cylinder means 
from. Said pressure that produces movement, fluid. 
pressure-responsive mechanism movable to op 
erate the valve mechanism to relieving position, 
movable means operated by the piston means as 
it approaches the end of its stroke, to produce a 
pressure that actuates the fluid pressure-respon 
sive mechanism, said last means including a 
plunger engageable by the piston means, a fluid 
cylinder in which the plunger is movable, and a 
valve between the fluid cylinder and the cylinder 

  



11 
means, the valve being closed upon operation of 
the plunger by the piston means. 

3. A mechanism of the kind described, Con 
prising a pair of cylinders, a pair of connected 
pistons, one in each cylinder, a reversing valve 
mechanism for connecting the cylinders alter 
nately to a fluid pressure source, the reversing 
valve mechanism including a reversing direc 
tional valve, and fluid pressure-responsive means 
for actuating the same to each of its positions, 
the last means including opposite fluid preSSure 
chambers and mechanism operated thereby to 
control operation of the valve, a movable wall 
means closing each fluid pressure chamber and 
engageable by each piston at the latter end of 
its stroke, each wall means being adapted to re 
duce the capacity of one fluid pressure chamber 
and thereby produce fluid pressure therein, 
whereby the fluid pressure-responsive means 
may be operated to reverse the directional Vaive. 

4. A mechanism of the kind described, com 
prising a pair of cylinders, a pair of connected 
pistons, one in each cylinder, a reversing valve 
mechanism for connecting the cylinders alter 
nately to a fluid pressure source, the reversing 
valve mechanism including a reversing directional 
valve, and fluid pressure-responsive means for 
actuating the same to each of its positions, said 
last means including a pair of fiuid containing 
chambers, a movable wall for each chamber and 
in each cylinder, one novable Wall being en 
gageable by each piston and moved thereby at 
the end of the piston stroke, to produce pressure 
in its chamber to actuate the fluid preSSure 
responsive means and effect reversal of the di 
rectional valve. 

5. A mechanism of the kind described, con 
prising a pair of cylinders, a pair of connected 
pistons, one in each cylinder, a reversing valve 
mechanism for connecting the cylinders alter 
nately to a fluid pressure source, the reversing 
valve mechanism including a reversing direc 
tional valve, opposite pressure chambers associ 
ated with the directional valve adapted to re 
ceive fluid under pressure for oppositely shift 
ing the valve, means for porting fluid pressure 
alternatively into the chambers, including a 
double-acting relief valve normally yieldably 
maintained in neutral position, additional oppo 
site pressure chambers for receiving pressure 
fluid for oppositely displacing the relief Valve 
from neutral position, a movabie Wall in each 
additional chamber, each wall being displaced by 
movement of one piston at the end of its stroke, 
for applying pressure in its pressure chamber to 
displace the relief valve and effect reversal of 
the directional valve. - 

6. A mechanism of the kind described, com 
prising a pair of cylinders, a pair of connected 
pistons, one in each cylinder, a reversing valve 
mechanism for connecting the cylinderS alter 
nately to a fluid pressure Source, the reversing 
valve mechanism including a reversing directional 
valve, opposite pressure chambers associated with 
the directional valve adapted to receive fluid 
under pressure for oppositely shifting the valve, 
means for porting fluid pressure alternatively into 
the chambers, including a double-acting relief 
valve normally yieldably maintained in neutral 
position, additional opposite pressure chambers 
for receiving pressure fluid for oppositely dis 
placing the relief valve from neutral position, a 
movable wall in each additional chamber, each 
wall being displaced by movement of One piston 
at the end of its stroke, for applying pressure in 
its pressure chamber to displace the relief valve 
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and effect reversal of the directional valve, and 
the porting means including a pilot valve between 
the relief valve and the directional valve, the 
relief valve being adapted to effect shifting of 
the pilot valve, and the pilot valve effecting the 
porting of fluid to the chambers of the directional 
Wave. 

7. Amechanism of the kind described, compris 
ing a pair of cylinders, a pair of connected pistons, 
one in each cylinder, a reversing Walve mechanism 
for connecting the cylinderS alternately to a fuid 
pressure source, the reversing valve mechanism 
including a reversing directional valve, opposite 
pressure chambers aSSociated with the directional 
valve adapted to receive fluid under pressure for 
oppositely shifting the valve, means for porting 
fiuid pressure alternatively into the chambers, 
including a double-acting relief valve normally 
yieldably maintained in neutral position, addi 
tional opposite pressure chambers for receiving 
pressure fiuid for oppositely displacing the relief 
valve from neutral position, a movable Wall in each 
additional chamber, each wall being displaced 
by movement of one piston at the end of its stroke, 
for applying pressure in its pressure chamber to 
displace the relief valve and effect reversal of the 
directional Valve, and the porting means includ 
ing a pilot valve between the relief valve and the 
directional valve, the relief valve being adapted to 
effect shifting of the pilot valve, and the pilot 
valve effecting the porting of fluid to the chambers 
of the directional valve, means normaliy urging 
the pilot valve into a position to port the pres 
Sure fluid to displace the directional valve to One 
position, and means normally urging the direc 
tional valve into its opposite position. 

8. A fluid preSSure mechanism including a 
cylinder, a piston, a valve to control admission of 
fluid to the cylinder to act upon the piston, a 
pressure operated device for controlling actuation 
of the valve, including a pressure chamber, a 
plunger novable to vary the size of the chamber 
and produce fluid pressure conditions, a passage 
through the plunger, a Valve operable to open and 
close the passage, the valve being supported on 
the plunger for engagement by the piston, where 
by movement of the piston may close the valve, 
and the plunger being thereafter displaceable by 
further movement of the piston. 

9. A fluid pressure mechanism including a 
cylinder, a piston, a valve to control admission of 
fluid to the cylinder to act upon the piston, a 
preSSure operated device for controlling actuation 
of the valve, including a pressure chamber, a 
plunger movable to vary the size of the chamber 
and produce fluid pressure conditions, a passage 
through the plunger, a valve operable to open . 
and close the passage, the valve being supported 
on the plunger for engagement by the piston, 
Whereby movement of the piston may close the 
valve, and the plunger being thereafter displace 
able by further movement of the piston, and 
spring means between the valve and the plunger 
to urge the valve into open position. h- 

10. A fluid pressure mechanism including a 
cylinder, a piston, a valve to control admission of 
fluid to the cylinder to act upon the piston, a 
preSSure operated device for controlling actuation 
of the valve, including a pressure chamber, a 
plunger movable to vary the size of the chamber 
and produce fluid pressure conditions, a passage 
through the plunger, a valve operable to open and 
close the passage, the valve being supported on 
the plunger for engagement by the piston, where 
by movement of the piston may close the valve, 
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and the plunger being thereafter displaceable by 
further movement of the piston, and spring means 
acting on the plunger in opposition to the force 
of the piston thereon. 

11. A pumping mechanism including two cyl 
inders, a pair of pistons, one in each cylinder, 
connecting means joining the two pistons, being 
connected to one piston face of each piston, the 
pistons dividing their cylinders into two cylin 
drical Spaces in each cylinder, the two spaces 
through which the connecting means extends be 
ing designated inner cylinders, and the two such 
spaces on the opposite sides of the two pistons 
being designated outer cylinders, there being liq 
uid inlet passages from the bottom of the pump 
to the said outer cylinders and liquid outlet pas 
Sages from said outer cylinders, a power liquid 
line adapted to contain liquid under pressure, re 
versing valve mechanism including a housing 
between the cylinders, a passage in the housing 
connected to the power line, a directional valve, 
each inner cylinder having a first passage con 
necting it with the directional valve and an ex 
haust passage, the directional valve being mov 
able to connect the power passage with the first 
passage of one inner cylinder and to connect the 
other inner cylinder with its exhaust passage, 
and vice versa, a pair of opposite pressure cham 
bers for the directional valve, spring means nor 
mally urging the directional valve into one posi 
tion, a pilot valve in the housing movable to 
connect one of said pressure chambers of the 
directional valve with the power passage and the 
other with the receiving conduit, and vice versa, 
opposite pressure chambers for the pilot valve, 
Spring means normally urging the pilot valve to 
a position to port pressure liquid to the direc 
tional valve to move it against its spring, the 
directional valve spring having a strength, and 
being adapted to hold the directional valve 4 
against such movement, so that pressure liquid 
may be ported through the directional valve to 
a piston, until the piston is in an extreme posi 
tion and pressure is thereafter built up in the 
power passage, and ported through the pilot 
valve to shift the directional valve, a double 
acting relief valve in the housing, movable to 
connect either pilot pressure chamber to the 
power passage and the other to the receiving 
conduit, means normally yieldably maintaining 
the relief valve in neutral position wherein liq 
uid is trapped in the pilot valve pressure cham 
bers, a pair of opposite pressure chambers for 
the relief valve, one connected to each inner 
power cylinder, a plunger projecting into each. 
inner cylinder and each said relief valve pres 
sure chamber connections, and engageable by 
the piston in such cylinder to be displaced there 
by and to build up pressure in the pressure 
chamber to displace the relief valve, reverse its 
connections with the pilot valve chambers, shift 
the pilot valve, and thereby effect shifting of the 
directional valve to reverse the pistons. 

12. In a mechanism of the kind described, a. 
cylinder, a piston in the cylinder having first 
means to operate it in one direction, fluid pres 
sure means for operating it in the other direc 
tion, valve mechanism operable to connect the 
cylinder to fluid under pressure as the piston 
approaches the end of its stroke by said first 
means, said valve mechanism including a fluid 
pressure operated valve having a pressure cham 
ber connected with the cylinder, a displacement 
member in the chamber and operable by the pis 
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stroke produced by said first means, a second 
valve associated with the pressure chamber to 
admit fluid from the cylinder to the chamber 
When the Second valve is open, and the second 
valve being arranged to be closed when the pis 
ton operates the displacement member to trap 
the fluid in the chamber, the trapped fluid con 
stituting a connecting means between the piston 
and the fluid pressure operated valve, that is 
displaced by the displacement member in its 
3aovement by the piston, to move the fluid pres 
sire operated valve, and means operable upon 
movement of the fluid pressure operated valve 
as aforesaid, to admit fiuid to the cylinder to 
Operate the piston in its other direction. 

13. In a mechanism of the kind described, a 
cylinder, a piston in the cylinder having first 
means to operate it in one direction, fluid pres 
sure means for operating it in the other direc 
tion, Walve mechanism operable to connect the 
cylinder to fluid under pressure as the piston ap 
proaches the end of its stroke by Said first means, 
Said Valve inechanism including a fluid pressure 
Operated valve having a pressure chamber con 
nected with the cylinder, a displacement mem 
ber in the chamber and operable by the piston 
as the piston approaches the end of its stroke 
produced by said first means, a second valve 
asSociated with the pressure chamber to admit 
fluid from the cylinder to the chamber when the 
Second valve is open, and the second wave being 
arranged to be closed. When the piston operates 
the displacement member to trap the fluid in 
the chamber, the trapped fluid constituting a 
connecting means between the piston and the 
fluid pressure operated valve, that is displaced 
by the displacement member in its movement by 
the piston, to move the fluid pressure operated 
valve, means operable upon movement of the 
fluid pressure operated valve as aforesaid, to 
admit fuid to the cylinder to operate the pis 
ton in its other direction, and means normally 
urging the second Valve to open position. 

l4. In a mechanism of the kind described, a 
cylinder, a piston in the cylinder having first 
means to operate it in one direction, fluid pres. 
Sure means for Operating it in the other direc 
tion, "Valve mechanism operable to connect the 
cylinder to fluid under pressure as the piston 

50 approaches the end of its stroke by said first 
means, said valve mechanism including a fluid 
pressure operated valve having a pressure cham 
ber connected with the cylinder, a displace 
ment member in the chamber and operable by 
the piston as the piston approaches the end of 
its stroke produced by said first means, a second 
valve associated with the pressure chamber to 
admit fluid from the cylinder to the chamber 
When the Second valve is open, and the second 
valve being arranged to be closed when the pis 
ton operates the displacement member to trap 
the fluid in the chamber, the trapped fluid con 
stituting a connecting means between the pis 
ton and the fluid pressure operated valve, that 
is displaced by the displacement member in its 
movement by the piston, to move the fluid pres 
Sure operated valve, and means operable upon 
movement of the fluid pressure operated valve 
as aforesaid, to admit fluid to the cylinder to 
Operate the piston in its other direction, the 
displacement member comprising a plunger pro 
jecting into the cylinder in the path of the pis 
ton, having sliding engagement with the walls 
of the chamber, and having a passage there 
through connecting the chamber and the cylin 
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der, the second valve being mounted on the dis 
placement member to close the passage, and 
having a part projecting into the path of the 
piston to be engaged thereby in the piston move 
nent aforesaid, so that the piston can close the 
valve and then move the displacement member. 

15. In a mechanism of the kind described, a 
pair of connected cylinders, a pair of connected 
pistons operating in the respective cylinders for 
reciprocation together, mechanism to admit fluid 
under pressure to the first cylinder to act upon 
the first piston to displace the two pistons in 
one direction, and to admit fiuid under pres 
sure to the second cylinder to act upon the Sec 
ond piston to displace the two pistons in the 
opposite direction, said mechanism including a 
fluid pressure operated valve having opposite 
fluid chambers for its opposite displacement, 
each chamber being connected with One of the 
cylinders, a plunger in each chamber, project 
ing into its cylinder to be engaged by its piston 
toward the end of the stroke thereof and dis 
placed thereby, second valve means to close each 
chamber from its cylinder, arranged to be closed 
when the piston in such cylinder displaces its 
plunger, and to be opened at other times to 
admit fluid to the chamber, closure of the Sec 
ond valve trapping the fluid in the chamber so 
that movement of the piston at the end of its 
stroke displaces fluid in the chamber to move 
the fluid pressure operated valve, means Op 
erated by the movement of the fluid pressure 
operated valve by one piston, as aforesaid, to re 
lieve fluid pressure from the cylinder thereto 
fore receiving pressure, and to admit fluid pres 
sure to the other cylinder. 

16. In a mechaism of the kind described, a 
pair of connected cylinders, a pair of connected 
pistons operating in the respective cylinders for 
reciprocation together, mechanism to admit fluid 
under pressure to the first cylinder to act upon 
the first piston to displace the two pistons in 
one direction, and to admit fluid under preSSure 
to the second cylinder to act upon the Second 
piston to displace the two pistons in the op 
posite direction, said mechanism including a 
fluid pressure operated valve having opposite 
fluid chambers for its opposite displacement, 
each chamber being connected with one of the 
cylinders, a plunger in each chamber, projecting 
into its cylinder to be engaged by its piston 
toward the end of the stroke thereof and dis 
placed thereby, second valve means to close each 
chamber from its cylinder, arranged to be closed 
when the piston in such cylinder displaces its 
plunger, and to be opened at other times to 
admit fluid to the chamber, closure of the Sec 
ond valve trapping the fluid in the chamber, 
so that movement of the piston at the end of 
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16 
erated by the movement of the fluid pressure 
operated valve by one piston, as aforesaid, to 
relieve fluid pressure from the cylinder there 
tofore receiving pressure, and to admit fluid 
preSSure to the other cylinder, Said last-named 
means including a directional valve, and op 
posite fluid pressure chambers to operate it, said 
fluid pressure chambers of the directional valve 
being connected to pressure and exhaust re 
spectively, by the displacement of the first 
named fluid pressure operated valve in the man 
ner aforeSaid. 

17. In a mechanism of the kind described, a 
cylinder, a piston oppositely movable therein, 
means for moving the piston in one direction, 
fluid pressure means for operating it in the 
other direction, mechanism for controlling ad 
mission of fluid pressure to the cylinder, to ad 
mit the same for fluid pressure operation of the 
piston and to exhaust it for operation of the 
piston by the first-named moving means, said 
mechanism including a directional valve displace 
able to admit fluid to the cylinder and to ex 
haust the same, fluid pressure chambers at op 
posite ends of the directional valve to operate 
it by fluid pressure, means including a relief 
valve normally yieldably maintained in neutral 
position, movable in one direction therefrom to 
admit fluid pressure to. One fluid pressure cham 
ber of the directional valve and in the opposite 
direction to admit fluid to the other chamber 
thereof, force transmitting means to connect the 
relief valve to the piston when the piston ap 
proaches the end of its stroke by the first pis 
ton moving means, to cause the piston to shift 
the relief valve from neutral position to admit 
fluid pressure to the directional valve to shift 
it to admit fluid pressure to the cylinder, and 
force transmitting means to connect the relief 
valve to the piston When the piston approaches 
the end of its fluid pressure stroke, to cause 
the piston to shift the relief valve oppositely and 
effect relief of pressure within the cylinder, the 
relief valve having means returning it to neutral 
position when the piston is not at an extreme 
position, and having means closing both fluid 
pressure chambers when in said position. 

HOWARD E. ROSE. 
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