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Oxon Hill, Md. 

Filed June 21, 1961, Ser. No. 118,746 
1 Claim. (Cl. 103--44) 

(Granted under Title 35, U.S. Code (1952), see. 266) 

The invention described herein may be manufactured 
and used by or for the Government of the United States 
of America for governmental purposes without the pay 
ment of any royalties thereon or therefor. 
The present invention relates to a hydraulic pump, and 

more particularly, to a pump having a ?exible pump 
chamber which is compressed by hydraulic means to pro 
vide a uniform and gentle pumping action. Such a pump 
is well adapted for use in connection with surgical tech 
niques to provide an extracorporeal blood circulation in 
open-heart operations. . , 

Recent advances in the medical sciences have demon 
strated the effective use of the arti?cial heart-lung for 
oxygenating and maintaining continued blood ?ow into the 
aorta of a patient, while the surgeon has a bloodless ?eld 
and direct vision in performing open-heart surgery. The 
blood in such operations is pumped by extracorporeal 
means, that is, a pump which is located outside the body 
undertakes the function of the heart to maintain blood 
circulation within the body without turbulence, foaming 
or damage to blood cells. A blood pump should utilize 
a minimum amount of blood for priming, and the parts 
thereof should be easily assembled and disassambled to 
faciltate cleaning, repairing and replacement thereof. 

It is therefore a particular object of the invention to 
provide a novel pump of the above-mentioned character 
in which the pumping action is considerably more uniform 
and gentle, and which overcomes previous objections to 
pumping devices that cause turbulence, foaming and un 
even distribution of pressure on ?uids. 

It is another object of the present invention to provide 
a simple and e?icient pumping device in which the ?uid 
passing therethrough is isolated from the pumping mecha 
nism thus preventing contamination of said ?uid and also 
safeguarding said device from possible corrosive or foul 
ing action of liquids and gases. ‘ 

It is a further object of the present invention to provide 
a pump which is suitable for pumping fragile type liquids, 
such as, whole blood or algae cultures that are easily 
bruised by conventional pumping actions. 

It is a still further object of the invention to provide a 
novel pumping device with a ?exible pump chamber that __ 

' experiences a uniform surface contraction and an, even 
distribution of 
action. I . > 

It is also an object of the invention to provide a pump 
which may be readily assembled and disassembled-for 
replacement or cleaning of contaminated parts. ' 

It is yet another object of the present invention to 
provide a pump which is characterized by a high‘pumping 
capacity and/or pressure in which a large volume of 
liquid may be pumped at each piston stroke. . 

Further objects and advantages of the invention 'will 
become apparent in the course of the following detailed 
description, taken in conjunction with the accompanying 
drawings, wherein: - 

FIG. 1 is a vertical longitudinal section' of one embodi 
mentrof the invention showing a double action hydraulic 
Pump; - . Y ' 

FIG. 2 is a vertical longitudinal section -of ‘another 
embodiment showing ?apper type inlet and outlet valves; 

FIG. 3 is a vertical longitudinal section of another em 
bodiment showing ?exible tube inlet and outlet valves 

the applied force during the pumping 
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with which are associated individual hydraulic means for 
operating said valves. 

In general, the hydraulic pump of the present invention 
comprises a ?exible, spherical chamber, for example, a 
resilient rubber bulb, immersed in a hydraulic medium 
within a sealed container or housing. The application of 
pressure on said medium by means of a piston or by the 
depression of a ?exible diaphragm causes an equal dis 
tribution of pressure to be exerted on the entire surface 
area of the ?exible, spherical chamber; the pressure ap 
plied by the hydraulic medium causes said chamber to 
contact evenly in its entire surface area, and with sub 
sequent release of hydraulic pressure, said chamber again 
resumes its normal size. Unlike previous compressible 
bodies in which the original shape is distorted by a me 
chanically applied compression stroke, the hydraulic 
pump of the present invention provides a uniformly ap 
plied pressure on all portions of the spherical chamber 
resulting in a uniform contraction of volume and, con 
sequently, in a much smoother internal pressure. By in 
corporating a system of valves with said chamber whereby 
an inlet valve will close as an outlet valve is opened 
when slight hydraulic pressure is exerted upon the cham 
ber wall, and alternately, whereby said inlet valve will 
open as the outlet valve thereof closes upon release of 
said pressure, a uniform and smooth ?ow of liquid is 
obtained from the inlet connection to the outlet connection 
of the pump. 7 

Referring now in detail to the drawings, in which like 
reference numerals designate like parts throughout the 
?gures thereof, the embodiment illustrated in FIG. 1 is a 
hydraulic pump which comprises an air-tight housing 11, 
shown as a matter of simplicity in the form of a rec 
tangular container, said housing being divided internally 
into compartments 12 and 13 by means of a piston mem 
ber 14. The'piston member 14, shown in the drawing 
as an H-shaped structure, is slidably mounted within said 
housing and reciprocably driven into each of said ?uid 
compartments, as shown by the direction arrow. , In each 
of said compartments is a ?exible pump chamber 16 
suspended in a ‘hydraulic medium 15; said ?exible cham 
‘ber, which is responsive to the movement of the piston, 
will contract on the piston stroke and the applied hy 
draulic pressure and will expand again on the piston 
return and release from hydraulic pressure. The cham 
bers, which are designated in the drawing as A and B for 
quick reference, have a ?exible and resilient wall of such 
thickness that after contraction and expansion of the Wall 
surface the chamber will return to its normal size. 
A pair of oppositely disposed openings 17 in each of 

said chambers communicate with valve housings 18 and 
18a, which are illustrated conveniently as external mount 
ings on the chamber wall and which represent the inlet 
and outlet valve structures that control the ?ow of ?uid 
through said chambers. It will‘be appreciated that the 
valve structures illustrated in the present embodiment are 
examplary and that the valves associated with said cham 
bers may be of any conventional design which are capable 
of providing a unidirectional ?uid ?ow in said chambers. 
In an alternate arrangement, valve‘ housings may be in 
serted and‘ retained ‘within ‘opening 17, thus'providing a 
chamber with a smooth, external wall. The valve‘struc- . 
tures illustrated in FIG. 1 have cylindrical walls made of ' 

, plastic orlother rigid type material, the base surfaces of 
65 

70 

said structures have ia‘bore -20 to whichv a conduit is 
connected for conveying liquids and gases therethrough. 
A ball check valve' is formed by including a ball inerriberv 
19 inisaid housings, said ball member being engageable , 
with a seatsurface for sealing oif liquid or gaseous ?ow. I V 
A ?uted retainer 17a (shown simply=as curved dashesiin 
the drawing) extends=across the‘ housing and provides a 
barrier for the ball member to limit its movement in‘ a _ 
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direction away from its seat while allowing ?uid to escape 
through a ?uted opening in its center. Valve housings 
18 and 18a are similar in structure, but they are mounted 
in opposite directions on the spherical chamber and their 
valve seats are formed on different surfaces: valves 18, 
through which the liquid or gas to be pumped is intro 
duced into the pump chamber, have a valve seat formed 
on the surface surrounding bore 20, while valves 18a, 
through which the liquid or gas is passed out of the 
chamber, have a valve seat formed on the surface sur 
rounding opening 17. 

Flexible connections or conduits 21 join inlet valves 
18 with rigid connections 22 inside the housing Wall 11, 
and said rigid connections then pass outside the housing 
and are coupled to an inlet manifold 22a. Flexible 
connections or conduits 21 join the outlet valves 18a to 
rigid connections 23 inside the housing wall 11; said 
rigid connections then pass outside the housing and merge 
into an outlet manifold 23a. 
The hydraulic pump of the present embodiment has 

a double action whereby the reciprocating action of the 
piston creates a compression cycle in one compartment 
and a decompression cycle in the other. As shown in 
FIG. 1, when the piston shifts in the direction of cham 
ber A, the pressure exerted on the hydraulic medium in 
compartment 12 forces chamber A to contract in vol 
ume; the outlet valve 18a opens, at the start of said com 
pression cycle, and allows liquid or gas from said cham 
ber to pass out (as shown by arrows) through the ?exible 
connection 21 into rigid connection 23 and into the out 
let manifold 23a. During the compression cycle in cham 
ber A, chamber B is going through a decompression 
cycle: the inlet valve 18 opens and the outlet valve 18a 
closes at the start of the decompression cycle, and ?uid 
enters chamber B by passing through the inlet manifold 
22a (as shown by arrows) into the rigid connection 22 
and then into the ?exible connection 21 that connects 
with chamber B. Chamber A will expand upon release 
of hydraulic pressure, and its inlet valve‘18 will open 
at the start of the cycle to allow liquid to re?ll said 
chamber. 
The reciprocating hydraulic action of the pump, shown 

in FIG. 1, provides an e?icient pumping device for pump 
ing ?uids under sustained pressure as a result of the hy 
draulic system; in addition, said device has a high pump 
ing capacity, as measured by the volume of ?uid deliv 
ered per piston stroke. For example, a rubber bulb of 
3” diameter when hydraulically compressed to 50% of 
its volume will pump approximately 5 ?uid ounces of 
?uid for every piston stroke or cycle of the pump. The 
pump of the present invention may be utilized to supply 
gases or liquids under high or low pressure by regulating 
the hydraulic pressure thereof. The rate of ?ow of the 
present pump may be varied by operating the Piston 
mechanism at different rates of speed. The pump is 
particularly desirable for use with corrosive and fouling 
type ?uids since the pumping mechanism does not come 
into contact with ?uids passing therethrough. 

Instead of a pump with ball check valves as indicated 
in the embodiment described above, the pump may also 
be constructed in the manner shown in FIG. 2, wherein 
a smooth and gentle ?ow of liquid is obtained at low pres 
sures to provide a device which is suitable for use as a 
“blood pump.” In the present embodiment, the pump 
comprises a sealed container 11 ?lled with hydraulic 
medium, and immersed therein is a ?exible, spherical 
chamber 16, said chamber having oppositely disposed 
openings 17 which connect to tubular‘ extensions which 
are provided with ?apper type valves for improved'pump 
ing action in accordance with the intended u‘se.=.‘ A ?ap 
per valve in accordance with the embodiment comprises 
a-uconduit or'rigid tubing in which apair of ?exible 
bands or projections are attached by one of their ends 
to the inner wall'of said conduit, while ‘the free ends 
thereof meet to form a loose closure. The ?apper valves 
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A. 
are arranged to remain normally in the closed position, 
as shown in the inlet valve 24 wherein the ends of said 
projections 25 extend within the conduit and contact 
one another. Outlet ?apper valve 26 shows the pair of 
?exible bands or projections 27 with the free ends thereof 
in the open position, and ?uid ?owing through said valve. 
Fluid ?ow on the converging side of said projections 
causes them to open, but when the ?ow is interrupted, 
the projections immediately close, and any reverse ?ow 
against their diverging sides will retain them closed. Thus 
?uid ?ow across ?apper valves is essentially in a single 
direction, as shown by the arrows. 
The top of the container 11 is closed by means of a 

?exible diaphragm 28 which forms an air-tight seal. A 
?at contact plate 29 is attached to the center of said 
diaphragm, and said plate is engaged by a cam 31 which 
is rotatably mounted over said contact plate. When the 
cam is rotated by a driving means (not shown), the 
high position of the cam presses the contact plate 29 
and causes the diaphragm 28 to be depressed into the 
hydraulic medium and to transmit hydraulic pressure 
to the entire surface area of ?exible pump member 16. 
The pump chamber contracts uniformly, causing the 
?uid within to pass through ?apper valve 26 at the outlet 
or discharge end thereof. 
When the low portion of the cam meets the contact 

plate 29, the diaphragm 28 and said plate are raised to 
their normal horizontal position; the chamber expands to 
its normal size and the ?apper valve 26 returns to its 
normally closed position as ?uid ?ow is interrupted. At 
the beginning of the intake or decompression cycle the 
partial vacuum created within the chamber will draw 
?uid from a ?uid source through ?apper valve 24 into 
said chamber. 
Any suitable driving means may be provided for rotat 

ingtthe cam, but it is desirable to include means for ad 
justing the cam rotations which may be conveniently em 
ployed for regulating ?uid ?ow. The pump may be 
operated with any suitable hydraulic pressure by employ 
ing a cam of such ‘arcuate length and diameter that the 
compression and suction strokes of the pump may be of 
any desired duration and intensity. 
The ?apper valves of the present embodiment close 

with a “wiping action” which cleanses the valve seat, or 
by way of further explanation, said wiping action repels 
the ?uid away from the closure and prevents any abrupt 
squeezing or area of high pressure contact. The hydraulic 
pump in accordance with the present invention experi 
ences no distortion or any uneven distribution of forces 
which are apt to occur in mechanically compressed ?exi 
ble tubing pumps of the prior art. A tubing which is 
collapsed or distorted by a directionally applied force 
creates turbulent ?ow and eddy currents within the con 
veyed ?uid. Since the desired application of the present 
pump is in the circulation of whole blood in a patient, 
the hydraulic system embodied in the‘ present invention 
has overcome many of the difficulties heretofore en 
countered by mechanically compressed tubular elements. 

In an alternate embodiment, the ?exible chamber and 
its ?apper type valve system described herein may be 
conveniently mounted to a lid by passing the ends of in 
let and ‘outlet tubing through openings in said lid; said lid 
is then adapted to. be attached by any convenient means 
to a hydraulic chamber to provide a pumping action. 
Such an arrangement of parts allows for the ?exible cham 
ber, tubing and valves to be readily exchanged With clean, 
sterile units for immediate reuse of the blood pump. 
The hydraulic pump may be constructed and operated 

with separate hydraulic means for compressing various 
sections of ?exible tubing to obtain both pumping and 
valve action. The hydraulic pump, shown in FIG. 3, il 
lustrates another speci?c embodiment in which separate 
hydraulic means are utilized to bring about a pumping 
action through hydraulic operation of the valves as well 
as the pump chamber. FIG. 3 shows an inlet‘valve in 
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compartment C and an outlet valve in compartment E 
formed of ?exible tubing which can be compressed by 
hydraulic means to form a constriction suf?cient to im 
pede ?uid ?ow therein but which has the quality of re— 
turning to the original contour upon release of hydraulic 
pressure. The pump structure comprises a housing 32 
which is divided internally into compartments C, D and 
E. Tubular conduit 35 which passes through the housing 
wall 32 and through compartment walls 33 and 34 are 
made of rigid or thick walled material to resist hydraulic 
pressure, while the center sections 36 are formed of 
?exible type tubing. Said ?exible tubing is shown under 
hydraulic pressure in chamber C wherein the tubing has 
formed a narrow constriction suf?cient to impede ?uid 
?ow. The outlet valve in compartment E is shown in the 
open position (save for a slight constriction which is nor 
mally retained). The ?exible pump chamber D is con 
nected to ?exible tubing 37 which ?exes during the pump 
ing operation in overcoming dimensional changes in the 
pressured pump chamber. 

Compartments C, D and E are provided with individual 
cylinders 38 and pistons 39 for applying hydraulic pres 
sures individually on the pump chamber and on the valves. 
The pistons are connected with piston rods 41 which come 
into engagement with cams 42, which are rotatably mount 
ed on a single shaft 43 and actuated by motor means 44. 
The cams have an elliptical high and an elliptical low por 
tion and are so related to the piston rods which move up 
and down in the hydraulic cylinders and operate in proper 
sequence to compress or to retract the pistons in said 
cylinders to exert pressure or to relieve the same from the 
enclosed hydraulic medium 15. 
The piston in compartment C pressures the hydraulic 

?uid therein to close the inlet valve before the piston in 
compartment D has applied su?icient pressure to compress 
the pump chamber therein and pass ?uid through the out 
let valve in compartment B. After the pump chamber has 
been compressed, the piston in E descends in the cylinder 
and applies pressure to constrict the outlet valve before the 
pistons in C and D ascend in the cylinders to relieve the 
hydraulic pressure and open the inlet valve. The up 
ward movement of the piston in D, which begins after the 
inlet valve has been partially opened, expands the pump 
chamber and draws ?uid through the inlet valve from a 
liquid source. 
The separate piston arrangements allow for greater con 

trol of the valve action. Movement of the conveyed 
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?uid is considerably more uniform and gentle, and it can 
also be regulated to a pulsating ?ow similar to the blood 
?ow in the human body. 
The tubing and pump member may be conveniently 

arranged as a single unit that can be readily disconnected 
and replaced. Since the inlet and outlet valves in the 
present embodiment are identical in structure, the replace 
ment unit may be connected to the pump without danger 
of reversing valve positions. 
While the invention has been disclosed in accordance 

with certain preferred embodiments thereof, such are to 
be considered as illustrative only, and not restrictive, the 
scope of the invention being de?ned in the adjoining 
claim. 
What is claimed is: 
A hydraulic pump comprising in combination a sealed 

contained having therein a hydraulic medium, a pair of 
compressible, spherical chambers immersed in said medi 
um, each of said chambers having openings at opposite 
sides thereof de?ning an inlet and an outlet, valve hous 
ings on said chambers associated with said inlet and said 
outlet, a ball member in each of said housings forming a 
ball check valve, ?rst conduits sealed through said con 
tainer and connected to said inlets, second conduits sealed 
through said container and connected to said outlets, and 
a piston slidably mounted in said container between said 
chambers, said piston being adapted to move with re 
ciprocating action to act on diiferent portions of said 
medium for alternately compressing each of said cham 
bers to force ?uid through said chambers from said ?rst 
conduit to said second conduit. 
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