
United States Patent (19) 
Hooper et al. 

[11] 3,749,525 
(45) July 31, 1973 

54 HYDRAULCALLY OPERATED FLUID 
AGGREGATE PUMP 

76 Inventors: David W. Hooper, 617 N. Hillside, 
La Habra, Calif. 90631; Paul S. 
Putnam, 16238 Summershade Dr., 
La Mirada, Calif. 90.638 

22 Filed: Aug. 3, 1970 
21 Appl. No.: 60,292 

Related U.S. Application Data 
63) Continuation-in-part of Ser. No. 766,137, Oct. 9, 

1968, abandoned. 

52 U.S. Cl.................. 417/318, 417/343, 417/508, 
417.1519, 417/900 

51 Int. Cl... F04b 35100, F04b 41/06, F04b 39/08 
58) Field of Search.................... 417/900, 318, 519, 

417/343 

56 References Cited 
UNITED STATES PATENTS 

2,802,424 8/1957 Lee..................................... 4171343 
3,327,634 6/1967 Whiteman, Jr.... ... 417/343 
3,380,388 5/1968 Sherrod............. ... 417/344 
3,589,838 6/1971 Tuzson....... ... 417/390 
856,271 6/1907 Linthicum. ... 471539 
157,617 2/1874 Loretz........ ... 417/318 

2,349,150 5/1944. Falasconi... ... 417/38 
2,579,568 12/1951 Habenicht. ... 417/343 
3,146,721 9/1964 Schwing.............................. 417/900 

FOREIGN PATENTS OR APPLICATIONS 
698,629 12/1951 Great Britain...................... 417/900 
795,558 5/1958 Great Britain...................... 417/900 

Primary Examiner-William L. Freeh 
Attorney-William H. Maxwell 

57 ABSTRACT 
A pump for fluid aggregate and the like, characterized 

by its reciprocating action conductive to substantially 
continuous delivery of fluid aggregate under pressure. 
A feature of the invention is the combining therein of 
a single acting duplex pump with a single acting duplex 
motor, there being a pair of pistons coupled by means 
of a tension element that returns one piston upon ad 
vance of the other, the two pistons being dependently 
operable in a pair of cylinders adapted to deliver fluid 
aggregate into a common manifold. The two cylinder 
and piston units involve cooperatively related pump 
sections and motor sections, with the tension element 
extending between the motor sections. The two motor 
sections of the two cylinders are alternately charged 
with hydraulic operating pressure in order to move the 
pistons therein so as to displace fluid aggregate from 
the pump sections and through reversely operable 
valves and into the manifold, there being a valve at the 
aggregate handling end of each cylinder and said valves 
being adapted to completely close off or isolate the 
complementary cylinders, and to alternately isolate a 
supply of fluid aggregate and the delivery manifold to 
each cylinder. A feature of the pump is the three posi 
tions of the two valves which move oppositely; one, to 
open its complementary cylinder to the supply of fluid 
aggregate while the other is closed in this respect and 
is open to the delivery manifold; two, the reciprocably 
opposite positions; and three, the simultaneous closing 
of both valves to the supply of fluid aggregate and to 
the manifold. Accordingly, the pump and motor combi 
nation includes unique controls and hydraulic means to 
effect the foregoing, and preferably in the form of a 
self-sustaining system or unit, flexible as to stroke and 
power application and adaptable to a wide range of 
fluid aggregate viscosity; that is for example, adapted 
to pump "low slump" as well as "high slump" concrete. 

19 Claims, 12 Drawing Figures 
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HYDRAULCALLY OPERATED FLU) 
AGGREGATE PUMP 

This application is a continuation-in-part of applica 
tion Ser. No. 766,137, filed Oct. 9, 1968 and now aban 
donded. 
The prior art has developed a number of positive dis 

placement type pumps for concrete mixes and the like, 
and which for the most part are characterized by a pair 
of oppositely reciprocating cylinder and piston units 
that are mechanically coupled in one way or another 
and driven by separate and distinct prime movers; and 
as a consequence the mechanisms are necessarily 
heavy and cumbersome. Another characterized feature 
of prior art pumps is that the controls causing recipro 
cable movement are complex and not all together reli 
able; and again most control features are mechanical 
and of necessity heavy and bulky and often compli 
cated by cominbation mechanical-hydraulic-electrical 
functions. Still another feature of such prior art pumps 
is the inadequate control over the stiff “low slump" 
mixtures that must be handled; and in this respect ref 
erence is made to the questionable adequacy of the 
prior art pumps not permitting the full charging of the 
pump cylinders and in the compensating for fluid ham 
mer as caused by pulsations in the flow continuity at 
the discharge from the alternately operable cylinder 
and piston units. Generally therefore, it is an object of 
this invention to provide a self-powered pump of the 
type under consideration from which the usual heavy 
and cumbersome mechanical synchronization between 
cylinder and piston units is eliminated; wherein the 
controls are simplified and reliability thereof assured; 
and wherein fluid aggregate, even of the lowest slump 
value, is adequately pumped with regard to providing 
a substantially continuous flow with minimized fluid 
hammer. 
A primary object of this invention is to consolidate a 

single acting pump with a single acting motor therefor 
and to provide continuous operation thereof by em 
ploying a duplex arrangement so that delivery of fluid 
material is continuous. A unique feature herein dis 
closed is the utilization of common cylinder and piston 
units for the pumps and motors, and the coupled en 
gagement of the alternately operating pistons which are 
otherwise free but which are pulled one by the ad 
vancement of the other to effect an intake stroke, re 
spectively, in preparation for the mix following power 
and delivery stroke. As will be described, the pump and 
motor units are double ended and divide into pump 
sections and motor sections, while in each instance the 
pumps and motors remain single acting. 
A shortcoming of the usual pump of the type under 

consideration is inability to be held in operative abey 
ance with the fluid aggregate in supply and in the 
charging cylinders, and with the delivery manifold 
filled and isolated, thereby permitting each functional 
face to maintain its status without effecting the others. 
It is an object therefore, to provide a valve action be 
tween the supply, the cylinders and the delivery mani 
fold which enables the said isolation position; and fur 
ther to provide a fully swept valve in each instance and 
wherein there is a self-cleaning action of aggregate ma 
terial or slurry therefrom. 
Another object of this invention is to provide a new 

and improved differential valve drive for the reciproca 
ble control of the oppositely operating cylinder and pis 
ton units, whereby the pistons thereof operate alter 
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2 
nately. With the present invention, the two fully swept 
valves are independently adjustable as to position and 
are positively placed in any one or three operative posi 
tions. 

It is still another object of this invention to provide 
an apparatus for the features and innovations thus far 
referred to wherein the functional phases are sepa 
rately maintained in cooperatively related modules. In 
practice, the functional phases are categorized as hy 
draulic supply, motor-pump and power; these three 
categories being contained in separately replaceable 
and serviceable modules. In carrying out the invention, 
the hydraulic supply module is embodied in the frame 
of the apparatus and is characteristically a weldment of 
tanks built in sled form and includes therein all neces 
sary fluid process means; the motor-pump module is 
accommodated within the confines of the tanks of the 
frame and includes the duplex arrangement of cylinder 
and piston units and the related valves, drives and actu 
ators therefor; and the power module embraces the 
tanks of the frame and is superimposed over the motor 
pump module and includes a prime mover and pumps 
operated thereby and associated components supplying 
fluid under pressure, all as hereinafter described. 

It is another object of this invention to provide a fluid 
aggregate supply feeder or charger that is adapted to 
de-cavitate fluid aggregate and particularly low slump 
mixtures and to compact the same into the pump cylin 
ders. 

It is also an object of this invention to provide a 
unique coupling for the oppositely reciprocable opera 
tion of the pistons, in a hydraulic cylinder and piston 
type device. With the present invention, the motor ac 
tuation is hydraulic with the application of fluid pres 
sure in the cylinders against pistons free to advance 
therein and with a load to be moved ahead thereof for 
discharge at the open end of the cylinders. 

It is still another object of this invention to provide 
a unique return means for the retraction of one piston 
through the work operation of the other, there being a 
flexible tension element, preferably in the form of a 
wire line of cable, extending between the two pistons 
and sealed as it projects through the heads of the two 
cylinders. 

It is still a further object of this invention to provide 
an hydraulically sensitive control system wherein a 
servo unit is operable to alternately shift the material 
controlling valves in timed relation to the motor func 
tions that move the pistons. With the present invention, 
pockets are provided in the two cylinders and into 
which pilot pistons enter so as to alternately pressure 
a servo that shifts the differentially positioned valves 
herein above referred to. As a consequence, control 
operation is essentially hydraulic and devoid of me 
chanical elements and all linkages. 

In accordance with the nature of the equipment in 
volved, cleaning is essential and accordingly unique 
charge means is provided to damp pulsations during 
operation and to follow the charge through the mani 
fold and into the delivery pipe or tube, as a swab for the 
complete ejection of all fluid aggregate and/or slurry 
therefrom. 
The various objects and features of this invention will 

be fully understood from the following detailed de 
scription of the typical preferred form and application 
thereof, throughout which description reference is 
made to the accompanying drawings, in which: 
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FIG. 1 is a perspective view showing the hydraulically 
operated aggregate pump assembled of its modular 
components. FIG. 2 is a perspective schematic view of 
the motor-pump module. FIG. 3 is a diagram illustrat 
ing the functions of the module shown in FIG. 2, show 
ing the characteristic opposite positioning of the valve 
means. FIG. 3a illustrates the intermediate position of 
the valve means. FIG. 4 is a detailed view of the differ 
ential drive for the valve means. FIG. 5 is a detailed 
cross sectional view of one of the valve means taken as 
indicated by line 5-5 on FIG. 3. FIG. 6 is a transverse 
sectional view of the modular apparatus taken substan 
tially as indicated by line 6-6 of FIG. 1. FIG. 7 is a sec 
tional view of a portion of the apparatus taken as indi 
cated by line 7-7 on FIG. 6. FIG. 8 is a view taken as 
indicated by line 8-8 on FIG. 7. FIG. 9 is a diagram 
matic view showing the prime mover and pump compo 
nents of the power module enclosed within the housing 
shown in FIG. 1. FEG. 10 is a simplified schematic simi 
lar to FIG. 3 showing a modified embodiment of the in 
vention wherein stroke adjustment is a feature. FIG. 11 
is a diagrammatic view of a portion of the apparatus ill 
lustrating the material delivery means that serves as a 
surge damper and cleaning swab. 
Such pumps and positive displacement means of the 

type under consideration are expected to have a piston 
or rod that slides through a gland in the head of a cylin 
der, maintaining a reciprocal motion and shifting to de 
press fluid within the cylinder while providing a me 
chanical connection. The cylinder and piston units are 
usually provided as complementary pairs, intercon 
nected and driven by means of cranks or chain drives, 
or by double acting cylinder and piston motor and the 
like; that is, the pistons are mechanically intercon 
nected in order to effect a return stroke and suction to 
draw a new charge into the cylinder. For these reasons, 
such pumps are characterized by piston rods which re 
turn the pistons, and to the end that such units are sin 
gle acting. Therefore, the stroke of the usual external 
and separate actuating mechanism must be equal to the 
effective charging stroke; and it is this feature which 
renders such pumps bulky and cumbersome, providing 
means is available to return the piston in order to affect 
the intake stroke. And it is in this respect that we have 
combined a hydraulic motor and mechanical return op 
erating under tension between the oppositely moving 
pistons so that one returns the other. In practice, there 
is a wire line coupling, flexible in nature, adapted to 
enter through the cylinder heads, being sealed there 
with and remaining under tension, whereby the ad 
vance of one piston retracts the other. A practical dis 
position of the two cylinder and piston units is the du 
plex configuration as shown side by side in parallel rela 
tion, and in which case the invention is characterized 
by a wheel over which the wire line is warped to extend 
tangentially and project into the motor cylinders 
through glands provided in the heads thereof. 

Referring now to the drawings, the pumping unit in 
volves generally, a frame A, a pair of cylinder and pis 
ton units B1 and B2, pump valve means C1 and C2 con 
trolling the intake and delivery strokes of the units B1 
and B2, motor valve means D1 and D2 controlling the 
power and exahust strokes of the units B1 and B2, actu 
ating means E positioning the said valve means C and 
D and coordinating the same, fluid material supply 
means F, piston return means G, hydraulic power 
means H, fluid material delivery means M, and control 

4 
means N coordinating the functioning of the aforemen 
tioned valve means and actuating means therefor. Each 
of the foregoing elements or means includes various re 
finements that will be described, and all of which are 
cooperatively combined to establish the pumping unit 
as a self-sustaining apparatus, there being a prime 
mover P operating one or more pumps that hydrauli 
cally powers the unit. 
The frame A of the hydraulic supply module can vary 

10 in construction and is preferably a weided fabrication 
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comprised of fluid handling compartments that contain 
and process the fluids for hydraulic operation while fur 
nishing structural support for the various components 
involved. As shown in FIGS. 1 and 6, there is a coexten 
sive underlying reservoir 10 for the containment of 
water to be used in hydraulically powering the cylinder 
and piston units B1 and B2, and there is a pair of clean 
ing tanks 11 and 12 overlying opposite sides of the res 
ervoir 10 and defining space therebetween for the ac 
commodation of the module comprising cylinder and 
piston units B1 and B2 and the associated elements and 
means. Tank 11 receives exhaust water from the cylin 
der and piston units B1 or B2 and includes a trap 13 
with a centrifuge separator 14 (see FIGS. 7 and 8) dis 
charging solids into an accessible clean-out sump and 
delivering water into a baffled chamber 15 for the fur 
ther collection of solids. Tank 12 receives water from 
tank 11 through a transfer pipe 16 for further settle 
ment of solids, and after which the water overflows 
through pipe 17 and into the reservoir 10. In the exam 
ple given, a cement pump, the hydraulic fluid is water 
which is compatible with the aggregate mixture being 
pumped. Further, and in the particular embodiment il 
lustrated, the tank 12 is compartmented and includes 
a separate oil reservoir 18 which is utilized in supplying 
hydraulic oil to the control means E for high pressure 
actuation of the pump valve means C1 and C2. A fea 
ture of the frame A is the extensive surface area ex 
posed thereby to the fluids processed therein and to the 
surrounding environmental air, thereby providing for 
adequate heat dissipation. 
The cylinder and piston units B1 and B2 of the pump 

motor module characterize the present invention and 
are provided as a duplex pair of single acting hydrauli 
cally powered pumps each incapable in itself of effect 
ing a return stroke; this latter function being supplied 
by the piston return means G hereinafter described. In 
accordance with the invention, the cylinder and piston 
units B1 and B2 are identically made as a pair, and each 
comprises a pump section X, a motor section Y and a 
head Z closing the latter section. Each unit includes a 
cylinder 20 (for example 5 inch diameter X 10 foot 
length) the pump section X thereof extending rear 
wardly from a charging end 21 in open communication 
with the complementary valve means C1 or C2, the 
motor section Y thereof extending forwardly from the 
head Z at the end of the cylinder opposite said charging 
end 21. The cylinders 20 are spaced and parallel and 
arranged side by side on horizontal axes, and each with 
a piston 22 free to reciprocate therethrough between 
the extreme ends thereof. In practice, the pistons are 
provided with elastomeric rings or cups 23 and 24 
faced in opposite directions, the cups 23 to seal against 
the forwardly imposed hydraulic pressure, and the cups 
24 to seal against the charge of aggregate fluid to be 
discharged forwardly. As shown, the pump section X is 
single acting, and likewise the motor section Y is also 
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single acting, each section capable of cooperatively 
working to move the aggregate charge forwardly when 
hydraulic pressure is applied through the head Z. 
The pump valve means C1 and C2 of the pump 

motor module are like pressure balanced valves that 
control the intake and discharge of fluid aggregate at 
the charging ends 21 of the cylinders 20. The valve 
means C1 and C2 are identical and alternately opera 
tive at each cylinder 20, with regard to intake and dis 
charge of fluid, the intake to unit C1 being open while 
the discharge thereof is closed and the intake to unit C2 
being closed while the discharge thereof is open. The 
valves of means C1 and C2 are three-way valves having 
two extreme positions (FIG. 3) and having a closed in 
termediate position (FIG.3a). The two valves are coax 
ial rotary valves each having an intake port 25, a charg 
ing port 26, a discharge port 27 and a rotor 28 rotatable 
within a cylindrical chamber in a body 29. The rotor 28 
is comprised of axially spaced discs embracing the said 
ports and integral with a circumferential blinding wall 
that extends therebetween through an arc of approxi 
mately 140° and spaced from the center of rotation, 
thereby leaving the greater portion of the rotor open 
for the passage therethrough of fluid aggregate. Each 
disc engages a circumferential seal 28, there being a 
fluid pressure supply 28' into the valve chamber at the 
outside of each disc and within the seals 28, thereby 
pressure balancing the valves. The intake port 25 is dis 
posed to face upwardly for the reception of fluid aggre 
gate, while the ports 26 and 27 are disposed horizon 
tally or nearly so (see FIG. 5). A feature of the valves 
is the next adjacent spacing of the ports 25 and 27 with 
the openings thereof within said 140 arc, so as to be 
simultaneously closed by the rotor 28; while the charg 
ing port 26 is spaced from the ports 25 and 27 at the 
opposite side of the valve body 29 with the opening 
thereof and the opening of either port 25 or 27 in open 
communication outside said 140 arc. As is shown 
therefore, with an arcuate blinding wall extending 140, 
the rotor 28 is rotated through an operative arc of 140 
or slightly more, in order to alternately open the intake 
ports 25 and discharge ports 27 through the charging 
port 26 and into open communication with the charg 
ing ends 21 of the two cylinders 20. It is to be under 
stood that the arcuate measurements indicated are for 
example only, and that said measurements and port 
sizes can be varied as circumstances require. Each 
rotor 28 has a stub shaft 30 by which it is revolved to 
said alternate positions, and driveably coupled to 
gether, as later described, so that the two valves C1 and 
C2 are simultaneously at the intermediate positions 
(see FIG. 3a) closing both ports 25 and 27 respectively 
and simultaneously isolating ports 26 and the cylinders 
in communication therewith. 
The motor valve means D1 and D2 of the pump 

motor module that controls the power and exhaust 
strokes of the cylinder and piston units B1 and B2 is op 
erative through the ends of the cylinders 20 closdd by 
the heads Z. In practice, the means D1 and D2 com 
prise water pipes extending from a reversing valve 31 
and into the heads Z of the two cylinder and piston 
units respectively. The reversing valve 31 is preferably 
a four-way valve adapted to receive high pressure-high 
volume water through a pipe 32, to alternately charge 
pipes 33 and 34 to the alternately operable cylinder 
and piston units B1 and B2, and to exhaust expended 
water through a pipe 35 and into the separator 14 for 
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6 
reprocessing as hereinabove described. As shown, the 
reversing valve 31 is a rotary valve having two alternate 
positions, and closely positioned to the water pressure 
source and to the cylinder and piston units to be pow 
ered thereby. The reversing valve 31 has a stub shaft 36 
by which it is revolved to said alternate positions. 
The actuating means E of the pump-motor module 

that positions thc pump valve means C1 and C2 and the 
motor valve means D1 and D2 is shown as a powered 
gear drive, a requirement of the apparatus being re 
peated and positive reversal of piston 22 and pump 
valve means Ci and C2. Accordingly, the actuating 
means E reverses an actuator 37 that revolves a gear 
drive 38 reversely positioning the pump valve means 
C1 and C2, and that revolves a gear drive 39 position 
ing the reversing valve 31. The actuator 37 is prefera 
bly a cylinder and piston motor with a piston rod 37' 
projecting from opposite ends thereof to operate the 
drives 38 and 39, in each instance a rack and pinion 
drive. The actuator cylinder is supplied with oil pres 
sure through pipes 40 and 41 entering into the opposite 
heads thereof, and is disposed on a horizontal axis lying 
between the two cylinders 20, with one end of the pis 
ton rod 37' carrying a rack 42 engaged with a pinion 
43 to rotatably reverse the valve 31, and with the other 
end of the piston rod 37' carrying a pair of yoke with 
opposed racks 44 and 45 reversely rotating pinions 46 
and 47 to reversely position the rotors 28 of the pump 
valve means C1 and C2. As shown, the pinion 43 is 
fixed on the stub shaft 36, and the pinions 46 and 47 
are fixed on the stub shafts 30 of the two pump valves 
respectively. Thus, reciprocalbe motion of the actuator 
37 simultaneously reverses the operative positions of 
the several valve means, all of which are geared so as 
to operate together in timed relationship. 
The fluid material supply means F is a separate mod 

ule and comprises primarily a hopper 50 into which the 
fluid aggregate is fed, said hopper being vertically dis 
posed and in vertical communication with said intake 
ports 25, there being open communication to both 
pump valve means C1 and C2 through the respective 
ports therefor. Included in the means F is an agitator 51 
that decavitates the fluid mix being pumped and com 
pacts the same through the pump valves and into the 
cylinders 20. As shown, the hopper 50 has downwardly 
and inwardly convergent opposite walls between which 
paddles 52 of elastomeric material revolve. The pad 
diles 52 are of thick cross section as they extend longitu 
dinally of the agitator 51 and normally project radially 
from the hub 53 thereof. The peripheral edges of the 
paddles strike the plane of the hopper wall and wipe 
therealong to move fluid aggregate into the ports 25; 
and following said ports in the direction of rotation the 
opposite wall of the hopper is spaced from the hub 53 
a distance substantially equal to the thickness of each 
elastomeric paddle 52. The approach of the wall to the 
hub is gradual as shown, and the spaced paddles form 
pockets that receive fluid aggregate when they are up 
wardly faced. As a consequence, the paddles deflect 
and are sequentially turned down to seal with said op 
posite wall of the hopper and thereby force the fluid ag 
gregate through the ports 25, compacting the same. A 
fluid powered motor 54 drives the hub 53 to revolve 
the agitator 51 and compact the fluid aggregate so as 
to compress any air pockets therefrom and thereby re 
ducing any cavities. 
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The piston return means G of the pump-motor mod 
ule is unique with the present invention and comprises, 
generally, a tension element that extends between and 
from the motor sides of the pistons 22. That is, the said 
tension element extends through and/or from the mtor 
section Y to interconnect the pistons, so that advance 
ment of one piston retracts the other. In practice, the 
tension element is advantageously a flexible wire line 
55 operating under tension over a wheel 57 and provid 
ing a space saving concept without resort to double act 
ing fluid motors. As they are illustrated, the motor unit 
sections Y remain single acting, being fluid powered 
only from the heads Z thereof; and consequently each 
moves the piston thereof forwardly only when power is 
applied by admitting water under pressure into the cyl 
inder 20. And conversely, water is exhausted out of the 
cylinders 20 when the pistons thereof are retracted 
rearwardly. In carrying out the invention, the 5 inch 
cylinders 20 are axially spaced 20 inches on centers 
and they are arranged parallel and disposed end adja 
cent end so that forward and return movements are the 
same in each instance. Therefore, the return means G 
is characterized by alignment means 56 adapted to 
maintain axial alignment of the opposite live ends of 
the wire line 55 with the cylinder and piston axes. The 
means 56 can take various forms and is preferably a 
wheel 57, in the case illustrated 20 inches in diameter, 
from which the wire line 55 pays tangentially to enter 
the two cylinders 20 coaxially thereof. The opposite 
live ends of the wire line 55 wrap onto the wheel 57 and 
pay thereform tangentially to project under tension 
through seals 58 in the heads Z and into coupled en 
gagement with the pistons 22. The seals 58 are packed 
for both external and internal pressures, employing 
flexible chevron type rings that engage into the irregu 
lar surfaces of the wire line to be sealed therewith. It 
will be apparent that the wheel 57 is adapted to be 
fixedly journaled on an axis midway between the cylin 
der axes and so as to extend the apparatus length but 
a nominal 20 inches while permitting unrestricted cyl 
inder length as circumstances require. Although not 
necessary, the wire line 55 can be wound one or more 
turns onto the wheel and/or used for supplimental pur 
poses as later described. 
The power module or hydraulic power means H can 

be operated as a single pumping unit, but advantages 
are derived by separation of the fluid power sources ac 
cording to environment and work requirements. The 
environment presented by the cylinder and piston units 
B1 and B2 that handle concrete slurry and such aggre 
gates is best operable with water and the work load re 
quires a constant high pressure-high volume supply 
thereof, and consequently a high speed multi stage tur 
bine pump 60 is best adapted to receive water from the 
sump 10 through a suction pipe 61 and to deliver high 
pressure water through the pipe 32. The environment 
presented by the actuator 37 is best suited by oil and 
intermittantly requires a limited but immediately avail 
able high pressure source of fluid; and accordingly a 
low volume high pressure pump 63 is best adapted and 
employed to charge an accumulator 64 that is depleted 
at intervals through the pipes 40 and 41. The environ 
ment presented by the agitator 51 is best adapted to a 
low volume medium pressure pump 65. Accordingly, 
the pumps 60, 63 and 65 are driven by the prime mover 
P, the former drawing water from sump 10 and the lat 
ter two pumps drawing oil from the compartmented oil 
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8 
reservoir 18. In each instance, the expended liquid is 
returned to and is stored in the reservoirs as indicated. 
The fluid material delivery means M of the pump 

motor module comprises a manifold 70 receiving fluid 
aggregate alternately discharged through the ports 27, 
and a common discharge duct 71 for the continuous 
delivery of said fluid aggregate. The manifold 70 is es 
sentially of a convergent 'Y' configuration and is com 
prised of passages in each instance substantially equal 
to the diameter of the cylinders 20 and the porting 
through the pump valve means C1 and C2, included in 
the means M is a pressure responsive surge damper 72 
which comprises a riser 73 in open communication 
with the dischirage duct 71, a piston-swab 69 to recipro 
cate in said riser, a liquid column means 74 in commu 
nication with the riser, an accumulator 75 in pressure 
communication with said liquid column means, and 
pressure releasable flow restriction means 76 in the liq 
uid column means between the said piston-swab and 
said accumulator. As shown in F.G. 11, the riser 73 is 
in the nature of a cylinder and has a removable head 77 
for the insertion therein of the piston-swab 69 movable 
in the riser between the manifold and head. A releasi 
ble stop 78 prevents entry of the piston-swab into the 
discharge duct 71 into which it can be released when 
clean out is desired. The liquid column means 74 in 
volves a closed liquid chargeable system, preferably 
water, extented between the piston-swab 69 and piston 
75' of the accumulator 75. The flow restriction means 
76 comprises high and low volume adjustable flow 
valves 79 and 80, arranged in parallel, the valve 79 
being in series with a pressure responsive releasible 
check valve 81 that unseats for flow of fluid from the 
accumulator to the riser, being unseated when pressure 
drop occurs within the manifold 70. A differential pres 
sure shuttle valve 82 responds to drop of pressure in 
manifold 70 and pressures a servo from the accumula 
tor to open valve 81. Thus, a differentially timed and 
controlled by-pass is normally permitted to occur 
through the valves 79 and 80, and upon the occurance 
of pressure drop the check valve 81 permits control 
flow to the riser 73 through the high volume valve 79. 
It will be seen that the surge damper 72 is conducive to 
a smooth and continuous flow of fluid aggregate from 
the manifold 70 despite the periodic reversal action of 
the cylinder and piston units which cause periodic pres 
sure drops. The surge damper 72 is responsive to the 
difference between pressure of material in the dis 
hcarge duct 71 and pressure in the accumulator 75, and 
maintains a substantially steady pressure and flow of 
said material, thereby assuring a steady continuous 
flow thereof. 
The control means N that coordinates the function of 

the means hereinabove described is a hydraulic servo 
means responsive to the termination of each power 
stroke and activated thereby to reverse the position of 
the actuator 37. In accordance with the full stroke con 
cept of this pump unit, the actuator 37 is reversed in 
position at the end of each return stroke of a piston 22 
as effected by the advancement of the other piston 22 
coupled thereto through the wire line 55. The actuator 
37 is controlled by a pilot operated four-way valve 85 
delivering and exhausting oil to the opposite ends of the 
actuator through the pipes 40 and 41 and receiving oil 
under pressure from the accumulator 64 through pipe 
64'. A feature of the control is the pressure pocket op 
eration of the pilot valve 85 which automatically shifts 
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with the completion of each return stroke. Accord 
ingly, each cylinder head Z has an internal coaxial cyl 
inder pocket 86 therein facing the piston 22, and each 
of said pistons has a pilot piston 87 aligned with and 
projecting therefrom to enter into the complementary 
pockets to displace the liquid therefrom through pilot 
tubes 88 and 89 to opposite actuators at 88" and 89' 
that alternately position the pilot valve 85. As a conse 
quence, a pilot piston 87 enters a pocket 86 at the end 
of each return stroke of a piston 22 and thereby shifts 
the pilot valve 85 to cause a subsequent power stroke 
which automatically follows. 

Referring now to the adjustable stroke form of the 
pump shown in FIG. 10, the tension element of the pis 
ton return means G' is employed to vary the swept vol 
ume of cylinders 20. For example, there are circum 
stances when a low slump material will require a 
shorter stroke, in which case it would be impractical to 
sweep the pistons 22 full length of the cylinders 20, and 
in which case it is desirable to confine operation of the 
pistons at the open ends 21 of said cylinders. There 
fore, the wire line 55' is lengthened as required by pro 
viding stroke adjustment means S and by providing 
stroke limit means R coordinated therewith. In accor 
dance with the invention, the stroke adjustment means 
S comprises a second wheel 57 complementary to the 
wheel 57 and journaled on a parallel axis in the same 
plane and adjustably positioned relative to the axis of 
said first wheel. The wire line 55' is wrapped around 
both said wheels, and the spacing of the wheel axes de 
termines the length of wire line 55' and the stroke of 
the live ends thereof. For example, the wire line 55' is 
effectively shortened by increasing the space between 
the wheels. The stroke limit means R can vary as cir 
cumstances require and is shown as stop lugs 90 and 91 
operating pilot pressure cylinders 92 and 93 at the ends 
of alternate return strokes. As shown, the pilot pressure 
cylinders 92 and 93 are fixedly positioned, while the 
stop lug 90 for one cylinder unit B1 is selectively placed 
on the periphery of wheel 57", while the stop lug 91 for 
the other cylinder unit B2 is selectively placed on the 
periphery of wheel 57". It will be seen that the first de 
scribed pressure pockets and pilot pistons can be cir 
cumvented and the pilot tubes 88 and 89 routed to the 
cylinders 92 and 93. 
Having described only a typical preferred form and 

application of our invention, we do not wish to be lim 
ited or restricted to the specific details herein set forth, 
but wish to reserve to ourselves any modifications or 
variations that may appear to those skilled in the art: 
Having described our invention, we claim: 
1. A hydraulically operated fluid material pump com 

prising, a pair of cylinder and piston units and each 
having a bore with contiguous pump and motor sec 
tions and a piston operable therein, a head closing the 
bore at the motor section end of each cylinder, reversa 
bly operable pump valve means in open communica 
tion with the bore at the pump section end of each cyl 
inder, there being a fluid material intake port and a cyl 
inder charging port and a discharge port in and con 
trolled by each of said pump valve means, reversely op 
erable motor valve means in communication with the 
bore of each cylinder through the head at the motor 
section, piston return means comprising a flexible ele 
ment connected to and extending under tension be 
tween the two pistons and through seals in the heads at 
the motor sections to couple the said pistons for return 
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10 
of one piston by forward movement of the other, hy 
draulic power means supplying fluid under pressure, 
and means alternately positioning the two pump valve 
means and motor valve means at the two cylinder and 
piston units to open said discharge port from said 
charging port and open the motor valve means from the 
fluid pressure of the hydraulic means and through one 
head for forward movement of one piston and simulta 
neously to open said inlet port to said charging port and 
open the motor valve means to exhaust for return of 
and suction intake of material by the other piston, 
whereby fluid material is alternately delivered from one 
cylinder and piston unit while being induced to enter 
the other. 

2. The hydraulically operated fluid material pump as 
set forth in claim 1 and wherein the piston return 
means is a flexible wire line connected to and tensioned 
between the two pistons. 

3. The hydraulically operated fluid material pump as 
set forth in claim 1, wherein the cylinder and piston 
units are disposed on separated axes, and wherein 
alignment means guides the flexible element of the pis 
ton return means under tension to connect with the two 
pistons. 

4. The hydraulically operated fluid material pump as 
set forth in claim 1, wherein the cylinder and piston 
units are disposed on separated axes, and wherein the 
flexible element of the piston return means extends 
under tension over alignment means comprised of at 
least one wheel from which the said element pays tan 
gentially along said separated axes to connect with the 
pistons respectively. 

5. The hydraulically operated fluid material pump as 
set forth in claim 1, wherein the cylinder and piston 
units are disposed on separated axes, and wherein the 
flexible element of the piston return means extends 
under tension over alignment means comprised of a 
wheel over which said element is warped with opposite 
live ends paying tangentially along said separated axes 
to connect with the two pistons respectively. 

6. The hydraulically operated fluid material pump as 
set forth in claim 1, wherein the cylinder and piston 
units are disposed on spaced parallel axes, and wherein 
the flexible element of the piston return means extends 
under tension over alignment means comprised of a 
wheel having a diameter equal to the spacing of said 
parallel axes and over which said element is warped 
with opposite live ends paying tangentially along said 
spaced parallel axes to connect with the two pistons re 
spectively. 

7. The hydraulically operated fluid material pump as 
set forth in claim 1 and wherein the means alternately 
positioning the two pump valve means and motor valve 
means is responsive to an element positioned by the 
piston return means extending under tension between 
the two pistons. 

8. The hydraulically operated fluid material pump as 
set forth in claim 1, wherein the cylinder and piston 
units are disposed on separated axes and alignment 
means guides the piston return means under tension to 
connect with the two pistons, and wherein the means 
alternately positioning the two pump valve means and 
motor valve means is responsive to an element on and 
positioned by said alignment means. 

9. The hydraulically operated fluid material pump as 
set forth in claim 1, wherein the cylinder and piston 
units are disposed on separated axes, wherein the flexi 
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ble element of the piston return means extends under 
tension over alignment means comprised of a wheel 
from which the said element pays tangentially along 
said separated axes to connect with the pistons respec 
tively, and wherein the means alternately positioning 
the two pump valve means and motor valve means is 
responsive to an element on and positioned by said 
wheel. 

10. The hydraulically operated fluid material pump 
as set forth in claim 1 and wherein the means alter 
nately positioning the two pump valve means and 
motor valve means comprises an axially aligned cylin 
der pocket in the head and facing the bore closed 
thereby at the motor section of each cylinder, an axially 
aligned pilot piston projected by each of the pistons op 
erable in said cylinder bores to enter the cylinder pock 
ets at the ends of alternate return strokes of said pistons 
respectively, and a cylinder and piston servo in fluid 
communication with said cylinder pockets and alter 
nately positioning said pump valve means and motor 
valve means in response to the successive return of one 
piston by forward movement of the other. 

11. A hydraulically operated fluid material pump 
comprising, a pair of cylinder and piston units and each 
having a bore with contiguous pump and motor sec 
tions and a piston operable therein, a head closing the 
bore at the motor section end of each cylinder, re 
versely operable pump valve means in open communi 
cation with the bore at the pump section end of each 
cylinder, there being a fluid material intake port and a 
cylinder charging port and a discharge port in and con 
trolled by each of said pump valve means, reversely op 
erable motor valve means in communication with the 
bore of each cylinder through the head at the motor 
section, piston return means comprising a flexible ele 
ment connected to and extending under tension be 
tween the two pistons and through seals in the heads at 
the motor sections to couple the said pistons for return 
of one piston by forward movement of the other, hy 
draulic power means supplying fluid under pressure, 
and actuating means geared to and alternately position 
ing the two pump valve means and motor valve means 
at the two cylinder and piston units to open said dis 
charge port from said charging port and open the 
motor valve means from the fluid pressure of the hy 
draulic means and through one head for forward move 
ment of one piston and simultaneously to open said 
inlet port to said charging port and open the motor 
valve means through the other head to exhaust for re 
turn of and suction intake of material by the other pis 
ton, whereby fluid material is alternately delivered 
from one cylinder and piston unit while being induced 
to enter the other. 

12. The hydraulically operated fluid material pump 
as set forth in claim 11 and wherein the actuating 
means comprises reversely actuable means operable to 
reversely position the reversely operable pump valve 
means at the pump section of each cylinder. 

13. The hydraulically operated fluid material pump 
as set forth in claim 11 and wherein the actuating 
means comprises an actuable means operable to re 
versely position the reversely operable motor valve 
means at the motor section of each cylinder. 

14. The hydraulically operated fluid material pump 
as set forth in claim 11 and wherein the actuating valve 
means comprises reversely actuable means operable to 
reversely position the reversely operable pump valve 
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means at the pump section of each cylinder, and an ac 
tuable means operable to reversely position the re 
versely operable motor valve means at the motor sec 
tion of each cylinder. . 

15. The hydraulically operated fluid material pump 
as set forth in claim 11 and wherein the actuating 
means comprises a reciprocably reversible motor, and 
reversely actuated means shifted thereby and operable 
to reversely position the reversely operable pump valve 
means at the pump section of each cylinder. 

16. The hydraulically operated fluid material pump 
as set forth in claim 11 and wherein the actuating 
means comprises a reciprocably reversible motor, and 
an actuable means operable to reversely position the 
reversely operable motor valve means at the motor sec 
tion of each cylinder. 

17. The hydraulically operated fluid material pump 
as set forth in claim 11 and wherein the actuating 
means comprises a reciprocably reversible motor, and 
reversely actuable means operable to reversely position 
the reversely operable pump valve means at the pump 
section of each cylinder, and an actuable means opera 
ble to reversely position the reversely operable motor 
valve means at the motor section of each cylinder. 

18. The hydraulically operated fluid material pump 
as set forth in claim 12, wherein the actuating means 
comprises a reciprocably reversible cylinder and piston 
motor geared to and alternately positioning the two 
pump valve means and motor valve means, an axially 
aligned cylinder pocket in the head and facing the bore 
closed thereby at the motor section of each cylinder, an 
axially aligned pilot piston projected by each of the pis 
tons operable in said cylinder bores to enter the cylin 
der pockets at the ends of alternate return strokes of 
said pistons respectively, and a cylinder and piston 
servo in fluid communication with said cylinder pock 
ets and alternately positioning a reversing valve supply 
ing said power means fluid pressure to and exhausting 
the same alternately from opposite ends of said revers 
ible cylinder and piston motor in response to the suc 
cessive return of one piston by forward movement of 
the other. 

19. A hydraulically operated fluid material pump 
comprising, a pair of cylinder and piston units and each 
having a bore with contiguous pump and motor sec 
tions and a piston operable therein, a head closing the 
bore at the motor section end of each cylinder, re 
versely operable pump valve means in open communi 
cation with the bore at the pump section end of each 
cylinder, there being a fluid material intake port and a 
cylinder charging port and a discharge port in and con 
trolled by each of said pump valve means, reversely op 
erable motor valve means in communication with the 
bore of each cylinder through the head at the motor 
section, piston return means coupling the said pistons 
for return of one piston by forward movement of the 
other, hydraulic power means supplying fluid under 
pressure, and means alternately positioning the two 
pump valve means and motor valve means at the two 
cylinder and piston units and comprising an axially 
aligned cylinder pocket in the head and facing the bore 
closed thereby at the motor section of each cylinder, an 
axially algined pilot piston projected by each of the pis 
tons operable in said cylinder bores to enter the cylin 
der pockets at the ends of alternate return strokes of 
said pistons respectively, and a cylinder and piston 
servo in fluid communication with said cylinder pock 
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ets and alternately positioning said pump valve means 
and motor valve means in response to the successive 
return of one piston by forward movement of the other, 
said means being operable to open said discharge port 
from said charging port and open the motor valve 5 
means from the fluid pressure of the hydraulic means 
and through one head for forward movement of one 
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piston and simultaneously to open said inlet port to said 
charging port and open the motor valve means to ex 
haust for return of and suction intake of material by the 
other piston, whereby fluid material is alternately deliv 
ered form one cylinder and piston unit white being in 
duced to enter the other. 

2 


