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1. 
This invention relates to hydraulic pumping 

Systems particularly Suitable for circulating the 
mud or drilling fluid in the drilling of wells by the rotary type of drilling rig. 
The main objects of this invention are: to pro 

wide a new and improved system of pumping 
the circulating or drilling fluid during the rotary 
drilling of oil wells; to provide an improved 
System of converting high speed, low torque en 
ergy into low speed, high torque pumping energy; 
to provide an improved mud pump which is 
charged. With a low preSSure pump, and dis 
charged by a high Speed, high pressure pump; 
to provide a diaphragm type of mud pump in 
Which the Cycling of its Operation is controlled 
by the movement of the diaphragm; to provide 
a highly efficient mud pump Whose weight and 
bulk are only a fraction of that of the standard 
type of mud pump of equal capacity which is 
now in common and extensive use; to provide : 
a mud pump which can be, and preferably is, 
located remotely from its actuating pump; to 
provide a mud pump in which the fiuid being 
pumped will be completely sealed from the actu 
ating liquid and will not come in contact with the 
actuating mechanism, thereby eliminating cut 
ting, Scoring, and excessive wearing of the parts; 
and to provide a new and improved system of this 
character which will eliminate the expense of 
accurately aligning the mud pump with the driv 
ing mechanism as well as the expensive driving 
Connections now in common use With Such na chinery. 

Illustrative embodiments of this invention are 
shown in the accompanying drawings, wherein: 

Fig. 1 is a diagrammatic view showing a multi 
ple number of the improved mud pumps for 
producing a uniform and non-pulsating discharge of mud; 

Fig. 2 is a vertical medial sectional view of 
the preferred form of my improved mud pump; 

Fig. 3 is an enlarged fragmentary Sectional 
view of the mechanism enclosed in the circle 3 of Fig. 2; 

Fig. 4 is an enlarged fragmentary sectional 
view showing the diaphragm in full discharge 
position; and 

Fig. 5 is a view, partly in elevation and partly 
in section, of a well-known variable discharge 
pump for use in my improved pumping System. 
At the present time, it is customary in the 

drilling of oil wells and the like by the rotary 
method to use mud pumps for circulating the 
drilling fluid, and which pumps are of large size, 
expensive construction, require frequent main 
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tenance service with renewal and replacement of 
parts, and have a high initial cost. 
Mud pumps now in use require very expensive 

drives from the prime mover. These drives are 
usually of the V-belt type, and due to the very 
high torque required to operate the pump, it 
requires a large number of the driving belts 
which, of course, must be housed-in, and which 
places certain limitations on the positioning of 
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the units. In setting up such mud pumps it 
is, of course, necessary to have proper alignment 
or parallelism between the axes of the driving 
and driven pulleys of the V-belts, and Such a 
drive necessarily requires the pump to be located 
closely adjacent to the driving belt pulley. 

In the present construction, a mud pump of 
the same capacity as the standard type now in 
use would weigh only a small fraction as much 
as the present pumps, and would have no limi 
tation as to location by reason of its being con 
nected to its prime mover by a hydraulic line. 
There would, of course, be no problem of align 
ment between the units, as the hydraulic lines 
connecting the units may be run at any conveni 
ent place, and the prime mover may be, and 
preferably is, located remotely with respect to 
the mud pump itself. The present construction 
also eliminates the necessity for any form of 
reduction gearing, with the result that a mud 
pump of equal capacity to the standard type now 
in use would cost far less than half as much. 

In the drilling of deep oil Wells and the like, 
the deeper the well goes, the higher the pressure 
required for circulating the drilling fluid. When 
the Well is first started, and for the first few 
thousand feet, a relatively low pressure will circu 
late the fluid in a satisfactory manner, but as 
the well goes down to greater depths, it requires 
a greater pressure to keep the drilling fluid in 
circulation, with the result that in the standard 
type of mud pump it is necessary, in the drilling 
of very deep wells, to change and replace the 
cylinders of the discharge end of the pump two 
or three times during the drilling operation. 

Also, in a drilling operation sometimes the 
pressure becomes so high that the drilling fluid 
suddenly and unexpectedly stops circulating by 
reason of encountering resistance greater than 
can be handled by the mud pump. In the prior 
types of pumps, a period of time is required to 
dismantle the discharge end of the mud pump, 
remove the liners, replace with Small sized liners, 
and reassemble the pump. During this period 
of time, the drill cuttings suspended in the drill 
ing fluid may settle in the well so as to create 
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a much higher resistance than the resistance 
which stopped the pumps. 
When using a pump of the present invention, 

increased resistance to flow of the drilling fluid 
will be instantly and automatically met by in 
creased pressure output, although of decreased 
volume, up to the limit of pressure of the appa 
ratus. Thus the drill cuttings have no Oppor 
tunity to settle, but are kept in constant move 
ment. Steam driven mud pumps of the past had great 
virtue in the matter of flexibility of output. Dur 
ing the early stages of drilling a well, where the 
“going' is easy, usually with a large hole in Soft 
formation, the steam driven pump gave a large 
volume of output, and this permitted rapid drill 
ing. As the hole became deeper and the forma 
tions became harder, the steam pump automati 
cally adjusted itself to the changing conditions 
and requirements, and the higher the resistance 
encountered, the higher the output pressure of 
the pump became, until the limit was reached. 
Now in the pump of the instant invention there 

is present the same flexibility of automatic ad 
justment to the changing conditions between the 
starting of a well until its final depth is reached 
Without manual adjustment or replacement of 
parts. In the pumping system shown in the drawings, 
referring particularly to Fig. 1, there is shown an 
installation of three main mud pumps generally 
designated 6, 8, and it having interconnected con 
trols so that the pumps discharge in sequence, 
and thus produce a continuous and uniform out 
put of work fluid, although it will be understood 
that a greater or lesser number of these pumps 
may be connected up in this manner, and thus 
give a non-pulsating or steady uniform flow, With 
substantially no variance of volume or pressure 
as would be the case where a single pump would 
be used. While the pumps 6, 8 and 0 are shown 
as having mechanically interconnected controls, 
it, Will also be understood that the controls inlay 
be interconnected electrically or by other suitable 
means, and that the disclosure shown is merely 
by way of illustration. 
In the construction shown, a mud tank 2 is 

connected by a conduit 4 to a low pressure cen 
trifugal type pump 6 which is preferably of the 
rubber lined type generally used as sand pumps 
and the like in which the impeller and interior 
surfaces have synthetic rubber bonded to the 
Surfaces So as not to be readily cut out by abra 
sion. The discharge of the pump 6 is into a 
header conduit 8 which is provided with three 
branches 23, 22, and 24 leading to intake check 
valves generally designated 26, 28, and 30, re 
spectively. 
The check valves are connected to the main 

pumps 6, 8, and 9 by conduits 32, 34, and 36, 
respectively, which conduits also communicate 
with outlet check valves 38, 40, and 42, respec 
tively. The outlet valves are in turn connected 
to return branches 44, 45, and 48, respectively, 
all of which communicate with a discharge header 
50 which carries the output or discharge of the 
pumps to the drill stem of the drilling rig through 
the usual hose, swivel and driving or 'Kelly' 
joint. 
The interior constructions of the main pumps 

6, 8, and 0 are all substantially identical, and 
Eore a detailed description of one will suffice 
Ol' all. 
Referring to Figs. 2, 3, and 4, the main pump 
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4. 
6 is shown in detail, as well as the intake check 
Valve 26 and outlet check valve 38. 
The main mud pump comprises a pair of semi 

Spherical members 52 and 54 of substantially 
identical shape and volumetric capacity having 
outwardly projecting flanges 56 and 52, respec 
tively, integrally formed thereon which may be 
Secured together in face-to-face relationship by 
a plurality of bolts 60. It will be understood, 
however, that in actual practice these members 
52 and 54 do not necessarily need to be of semi 
spherical shape, but may be considerably elon 
gated so as to give greater or lesser capacity Ol' 
volume to the pump, such shape being a matter 
of designer's choice. The adjacent faces of the 
members 52 and 54 and their respective flanges 
are provided with registering annular grooves 
which receive, embrace, and tightly clamp the 
marginal edge of a flexible diaphragm, 62 which 
may be of rubber, synthetic rubber, or other com 
position which gives a, flexible diaphragm having 
long wearing qualities and able to withstand a 
large number of bendings or flexings without rup 
ture, although it will be understood that the dia 
phragm, 62 is not subjected to stretching or like 
distortion for the reason that its surface area, as 
shown particularly in Fig. 4, is equal to the in 
terior surface area of the members 52 or 54, and 
thus merely forms a movable wall which sepa 
rates the pump 6 into two compartments, the 
lower one, designated 64, being for the work fluid 
or mud which is to be pumped, and the upper 
one, designated 66, being for an actuating fluid 
Such as oil. The center of the diaphragm 62 is connected 
to a vertically disposed rod 68 by a disk 70 rigidly 
fixed to the rod which bears against the top side 
of the diaphragm, and an inverted saucer-shaped 
washer 2 which embraces and bears against the 
under Side of the diaphragm. The diaphragm is 
gripped between the disks 70 and 72 by the tight 
ening of a nut 74 threaded on the rod 68, and 
Which may be Suitably adjusted to secure a tight 
liquid Seal between opposite sides of the dia 
phragm. 
The rod 68 extends downwardly and is slid 

able through a spider 6 located in the top end 
of the conduit 32. The rod 68 also extends up 
Wardly and is slidable through a spider 78 lo 
cated in a vertically disposed tubular fitting 80 
mounted on the top of the member 54 and in 
communication therewith. The top end of the 
rod 68 is provided with a collar 82 which engages 
the inner end of a control valve operating lever 
84 when in its lowermost position, and likewise 
engages the inner protruding end of a control 
valve operating lever 86 when moved to its up 
permost position. The levers 84 and 86 - are 
mounted to be moved in vertical planes, and are 
shown as being mounted on ball fulcrums which 
are Sealed on their seats so as to make liquid tight 
joints between the inner and outer ends of the 
valve operating levers. 
As shown most clearly in Fig. 3 of the draw 

ings, the inner end of the lever 86 is pivoted at 
88 So that upward movement of the rod 68 and 
collar 82 will rock the inner pivoted end 90 up 
Wardly as shown in broken lines in Fig. 3 with 
out actuating the lever 86, but after the collar 
82 passes thereby, it will then engage the under 
Side of the collar and rock the lever 86 upwardly 
upon doWinWard movement of the rod 68. 
Means are provided for normally urging the 

rod 68 downwardly, and comprise a helical com 
pression Spring 92 which surrounds the upper 
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end of the rod 68, and has its lower end bearing 
against the disk 70, and its upper end bearing against the spider 78. 
The tubular or hollow fitting 80 is in COn 

munication with a power fluid line 94 which is 
connected through a pilot operated valve 96 to a 
high pressure automatically variable discharge 
pump 98 to which fluid is supplied from a reser 
voir 00. The pump 98 is shown more in detail 
in Fig. 5, and the particular type illustrated is 
a well-known high pressure pump having auto 
matically variable output or discharge, but it will 
be understood that any high speed, high pressure 
automatically variable discharge pump may be 
used as a unit of my improved pumping System. 
The pump 98 is provided with a plurality of 
relatively Small pumping cylinders So that a plu 
rality of discharge strokes is required in order 
to fill the compartment, 66 and move the dia 
phraom to the position shown in Fig. 4. In this 
manner a high speed, high pressure pump has 
its output converted to operate a low Speed, high torque mud pump. 
As shown in Fig. 1 of the drawins, the levers 

84 and 8 are pivoted to rocker arms and links 
generally designated 92 which operate pilot 
valves 04, f O6, and 98, respectively, for the 
pumping units 6, 8, and O. Fluid is supplied to 
and exhausted from the pumping unit 8 by a 
pilot operated control valve 0, and fluid from 
the pump 93 is likewise Supplied to and ex 
hausted from the pumping unit by a pilot op 
erated control valve 2. The arrangement of 
the pilot control valves fo4, i? 6 and to 3 is such 
that when one of the pumping units 6, 8, or 0. 
reaches the position shown in Fig. 4 of the draw 
ings, its pilot valve will be operated to move the 
control valve 96, ( 0 or 2 of that pump so as to 
vent the working fluid and at the same time con 
nect the next Succeeding pumpin' unit with the 
hirih pressure pump 98 so as to move its dia 
phrarm 62 to the discharre position. As soon as 
the high nressure or upper side of the diaphragm 
is vented back to the reservoir 0, the low pres 
sure mud pump S will fill that pumping unit with 
mud from the tank 2 and have it in readiness 
for being discharrel as soon as the appropriate valve action takes place. 

It will be noted particularly in Figs. 2 and 4 
of the drawings that the disk 2 has its marolinal 
edge shaped to fit a sloping valve seat so that 
when the pumping unit is fully discharged as 
shown in Fig. 4, the disk 72 will close and seal the 
outlet from the lower compartment 64, and thus 
prevent rupture, strain or damage to the dia 
phragm 62 under any unusual operating condi 
tion. It Will also be noted that the rod 68 not 
only controls the valving of the high pressure 
operatine fluid to the upper compartment 66 of 
the pump, but also serves to guide and govern 
the folding and flexing of the diaphragm 62 so 
that tight folds are never formed therein which 
night iniure the material from Which the dia phragm is made. 
The helical compression Spring serves to gov 

ern the folding or flexing of the diaphragm when 
the upper compartment containing the operating 
fluid is vented to its reservoir line. When the 
venting of the upper compartment takes place, 
the lower pressure mud charging pump fills the 
lower compartment against the action of the 
compression spring, and during this filling action 
the spring controls and governs and resists the 
upward movement of the diaphragm. 
Although but one specific embodiment of this 
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invention has been herein shown and described, 
it will be understood that numerous details of the 
construction shown may be altered or omitted 
without departing from the principle of this in 
vention as defined by the following claims. 
I claim: 
1. A hydraulic pumping System, comprising: a 

pump housing; a movable wall within Said housing 
dividing the interior thereof into two compart 
ments; the first of said compartments being pro 
vided for a work fluid to be pumped, and the Sec 
ond for an actuating fluid to actuate said mov 
able wall to effect pumping of said work fluid 
from said first compartment; means providing 
an inlet and outlet for each of said Compart 
ments; means for introducing work fluid under 
pressure into said first compartment to move 
said movable wall from an initial position at One 
end of its travel to the opposite end of its travel; 
means in said second compartment yieldably 
opposing movement of said movable Wall by said 
work fluid; means for delivering actuating fluid 
under pressure to said second compartment to 
return said movable wall to its initial position 
and thereby forcibly discharge the work fluid 
from said first compartment; and means actu 
ated in response to movement of said movable 
wall for cycling the introduction and discharge of said actuating fluid. 

2. A hydraulic pumping System, Comprising: a 
puip housing; a novable Wall within said hous 
iing dividing the interior thereof into two com 
partments, the first of said compartments being 
provided for a work fluid to be pumped, and the 
Second for an actuating fluid to actuate said mov 
able wall to effect pumping of said work fluid 
froi said first compartment; means providing 
an inlet aind outlet for each of said compart 
ments; a centrifugal puncp for introducing work 
fluid under pressure into said first compartment 
to rove said movable wall from an initial posi 
tion at One end of its travel to the opposite end 
Of its travel; means in said second compartment 
yieldably opposing movement of said movable 
Wall by Said Work fluid; a relatively high speed, 
high pressure automatically variable output 
pump for delivering actuating fluid under pres 
Sure to said second compartment and requiring 
a multiple number of discharges to return said 
movable wall to its initial position and thereby 
forcibly discharge the work fluid from said first 
Compartment; and means actuated in response 
to movement of said movable wall for cycling 
the introduction and discharge of said actuating fluid. 

3. A hydraulic pumping system, comprising: a 
puinp housing; a flexible wall within said hous 
ing dividing the interior thereof into two com 
partments, the first of said compartments being 
provided for a work fluid to be pumped, and the 
Second for an actuating fluid to actuate said 
novable Wall to effect pumping of said work fluid 
from said first compartment; means providing 
an inlet and outlet for each of said compart 
ments; means for introducing work fluid under 
preSSure into Said first Cornpartment to move 
Said flexible Wall from an initial position at one 
end of its travel to the opposite end of its travel; 
means in said pump housing governing the fold 
ing and flexing of Said flexible wall; means for 
delivering actuating fluid under pressure to said 
second compartment to return said flexible wall 
to its initial position and thereby forcibly dis 
charging work fluid from said first compartment; 
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and control means actuated in response to move 
ment of said flexible wall for cycling the intro 
duction and discharge of said actuating fluid. 

4. A hydraulic pumping system as defined in 
claim 3, including means yieldably opposing 
movement of the flexible wall by the work fluid. 

5. A hydraulic pumping system, comprising: a 
pump housing; a movable wall within Said hous 
ing dividing the interior thereof into two con 
partments, the first of said compartments being 
provided for a work fluid to be pumped, and the 
second for an actuating fluid to actuate Said nov 
able wall to effect pumping of said Work fluid; 
means providing an inlet and outlet for each of 
said compartments; means for introducing Work 
fluid into said first compartment to move Said 
movable wall from an initial position at one end 
of its travel toward the opposite end of its travel; 
means for delivering actuating fluid under pres 
sure to said second compartment to return Said 
movable wall to its initial position and thereby 
forcibly discharge the work fluid from said first 
compartment; a valve element carried by Said 
movable wall arranged to obstruct the outlet 
from said first compartinent and form a closure 
therefor when said movable wall is returned to 
its said initial position; and control means actu 
ated in response to movement of said movable 
wall governing the introduction and discharge 
of actuating fluid to and from said Second cham 
bel. 6. A hydraulic pumping Systein, comprising: a 
pump housing; a flexible diaphragm within Said 
housing dividing the interior thereof into two 
compartments; the first of said connpartments 
being provided for a work fluid to be pumped, 
and the second for actuating fluid for actuating 
said diaphragm to effect the discharge of Said 
work fluid fronn said first compartment; means 
providing a connon inlet and outlet passage for 
said second coin partment; pump means for intro 
ducing work fluid under pressure into Said first 
corn partment to move said flexible diaphragm 
fi'orn an initial position at one end of its travel 
to a position at the opposite end of its travel; 
means in said second compartment yieldably 
opposing noverinent of Said flexible diaphragm 
from its said initial position; means for intro 
ducing actuating fluid under pressure into said 
second chamber to return said flexible diaphragm 
to its initial position and thereby discharge the 
work fiuid from said first compartment; means 
actuated in response to the movement of Said 
fiexible diaphragm for controlling the introduc 
tion and exhaust of actuating fluid to and from 
said second COIn partment, said last mentioned 
means including a rod secured to said diaphragm; 
means guiding said rod for reciprocating move 
Inent, and ineans actuated by said rod as it ap 
proaclies the end of its travel in opposite direc 
tions for governing said admission and exhaust 
of actuating fluid. 
... 7. A hydraulic pumping system as defined in 
claim. 6, wherein said means for guiding the rod 
for reciprocating movement comprises an ele 
ment mounted in at least one of said passages. 

8. A hydraulic pumping system, comprising: a 
plurality of punping instrumentalities operable 
in Succession in predetermined sequence, each 
including a movable wall providing two compart 
Inents, the first of Said compartments being pro 
Yided for a Work fluid to be pumped, and the sec 
ond for an actuating fiuid for actuating said 
movable wall to effect pumping of said work flu 
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8 
id from its associated first compartment, each 
of said compartments having inlet and outlet 
means; means to successively introduce work 
fluid into each first compartment to move said 
movable wall from an initial position at one end 
of its travel to the opposite end of its travel; 
means for successively discharging actuating 
fluid into each second compartment to return 
the movable wall to its said initial position and 
thereby forcibly discharge the work fluid from 
the first compartments, separate conduit means 
for said actuating fluid and Said Work fluid; 
and control means including elements actuated 
in sequence in response to the movement of each 
movable wall as it approaches one end of its 
stroke for controlling the actuating fluid So that 
it is introduced into one second compartment 
and substantially simultaneously exhausted from 
another second compartment. 

9. A hydraulic pumping Systern, comprising: 
a plurality of pumps operable in Succession in 
predetermined sequence, each pump including a 
housing, a movable Wall in said housing dividing 
the interior thereof into two compartinents, the 
first of said compartments being provided for a 
work fluid to be pumped, and the Second for an 
actuating fluid for actuating said movable wall 
to effect pumping of said work fluid from its as 
sociated first compartment; means providing an 
inlet and outlet for each of Said Conapartments; 
means to Saccessively introduce Work fluid into 
the first compartinent of the respective pumps 
to move said movable wall from an initial posi 
tion at one end of its travel to the opposite end 
of its travel; means for Successively delivering 
actuating fluid under pressure to the Second con 
partment of the respective pumps to return the 
movable wall associated therewith to its Said 
initial position and thereby forcibly discharge 
the work fluid from said second compartments; 
Separate conduit means for said actuating fluid 
and said work fluid; and control ineans includ 
ing elements actuated in sequence in response to 
the movement of each movable wall as it ap 
proaches one end of its stroke, for controlling 
the actuating fluid so that it is introduced into 
the Second compartment of one pump and sub 
stantially simultaneously exhausted from the 
Second compartment of another pump. 

10. A hydraulic pumping system, comprising: 
a plurality of pumps operable in succession in 
predetermined sequence, each pump including a 
housing, a movable wall in said housing dividing 
the interior thereof into two compartments, the 
first of Said compartments being provided for a 
Work fluid to be pumped and the second for an 
actuating fluid to actuate said movable wall to 
effect pumping of Said Work fluid from its asso 
ciated first coin partnent; means providing an 
inlet and outlet for each of said compartments; 
means for delivering a work fluid to the first 
Compartinent of each of Said pumps; means for 
delivering actuating fluid to the second compart 
ment of each of said pumps including conduit 
means having a pilot valve for controlling the 
Supply and exhaust of actuating fluid to each 
pump; a control valve connected with each of 
said pilot valves; means actuated in sequence in 
response to the novelinent of the movable Wall 
of each pump for sequentially actuating the con 
trol valves as the movable walls approach the 
Opposite ends of their stroke; and neans inter 
connecting the control valve of each pump with 
the corresponding pilot Valve of each pump to 
thereby sequentially control the admission and 
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exhaust of actuating fluid to and from the sec Ond Compartment of each pump. 

11. A hydraulic pumping System, comprising: 
a plurality of pumps operable in Succession in 
predetermined Sequence, each pump including a 
housing, a movable wall in said housing dividing 
the interior thereof into two compartments, the 
first of Said compartments being provided for a 
Work fluid to be pumped and the Second for an 
actuating fluid to actuate Said movable Wall to 
effect pumping of Said work fluid from its asso 
ciated first compartment; means providing an 
inlet and outlet for each of said compartments; 
a raud tank; a low pressure centrifugal pump 
having an inlet connected with said mud tank; 
a header conduit connected to the discharge of 
Said centrifugal pump; a supply branch con 
duit extending from Said header conduit 
adapted to be placed in Communication With 
the first compartment of each of Said pumps; 
a return branch conduit adapted to be placed 
in communication with the first compartment 
of each of Said pumps; a discharge header 
connected with each of said return branch 
conduits; an inlet valve disposed between each 
Supply branch conduit and one of Said first 
Compartinents; an outlet check valve disposed 
between each return branch conduit and One 
of said first compartments; a reservoir for ac 
tuating fluid; a high speed, high pressure 
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10 
automatically variable positive output pump 
having its inlet connected with said reservoir 
and requiring a multiple number of discharges 
to fill each Second compartment; conduit means 
Connected with the discharge of said high speed 
pump including pilot valves for controlling the 
Supply and exhaust of actuating fluid to the Sec 
Ond Compartment of each of Said pump hous 
ings; a control valve connected with each of 
Said pilot valves; means actuated in sequence 
in response to the movement of the movable wall 
of each pump for Sequentially actuating the 
COntrol valves as the movable Walls approach 
the opposite ends of their stroke; and means in 
terconnecting the control valve of each pump 
With the Corresponding pilot valve of each pump 
to thereby sequentially control the admission 
and exhaust of actuating fluid to and from the 
Second compartment of each pump. 

JOSEPH. E. LUCAS, 

References Cited in the file of this patent 
UNITED STATES PATENTS 

Number Name Date 
1909,145 Berenbruch ----- May 16, 1933 
2,186,972 Hollander et al. - Jan. 16, 1940 
2,212,667 Mayer ------------ Aug. 27, 1940 
2,260,306 Ferguson -------- Oct. 28, 1941 
2,419,993 Green -------------- May 6, 1947 


