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This invention relates, as indicated, to hydraulically
actuated diaphragm pumps and more specifically to new
and novel features in the construction of such pumps
whereby their pressuré output can be - increased and
accurately controlled, while permitting the pumps to be
opuatee at very high speeus, At the outset of this
description it should be understood that the classification
cf our invention as a pump is intended to.include the
uses of our invention as & liguid displacing device, a
gas compressing device, and & device for metering such
fluids. ‘

In order that hydraulically actuated diaphragm pumps
may be cperated efficiently, eapecm]ly when tused to
conpress gases to high pressure, it is necessary that a
definite guoantity of fluid be contained between the
Ghnhmgm of the pump and the piston which actuates

that diaphragm. In other words, the fluid piston of -a
diaphragm pump must have a carefully regulated volume
if the pump is to operate efficiently. When a diaphragm
pump is operated, the volmine of its fluid piston will change
for two reasons.

As the pump warms up during its mmal pericd of use
an unbalance often results between the volume of the
fluid pision and the volume of the chamber which re-
ceives the finid piston. This unbalance is caused by the
difference between the coefficients of thermal expausion
of the materials conprising the body 'of the pump and the
finid comprising the fluid piston. Usually the volume of
the fluid pision will be too great.

Since the pump contains internal moving parts, the
pump casing, by necessity, must contain some opening
through which some driving means extends. . Though
this opening will coatain some  sealing device, small
quantities of fluid will escape therethrough thus reducing
the volume of the fiuid piston. - This is especially the
case when the pump is used to deliver fluids at very high
pressures.

Whenever the volume of the fluid piston is too great,
the pump will atiempt to force it into a volume insuffi-
cient to accomunodate it, thereby rvndering the pump in-
operable or even swously damaging it. “Whenever the
volume of the fluid piston is too small, while the pump
is being used to compress a gas, scme gas will rémain in
the co*ﬂplessmn chamber of the pump after cach stroke;
‘This remaining gao will be recompressed on subssguent
strokes so that the pump is operated ineficiently. - Whea
the pump is used to deliver a gas at a very high pressure,
the remaining space in the compression chamber due to
fiuid leakage may be great enough that all the gas in the
compression chamber may be compressed on every. stroke
of the pump without being driven from the pump, Xf
this should be the case, the pump would- continue to
operate without delivering any gas at all.

It is therefore the priricipal object of this invention to
provide a high outlet pressure diaphragm pump.

It is a further object of this invention to provide a
diaphragm pump of the fluid piston.type wherein changes
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in the volume of the fluid piston may be automatically

compensated, ‘

Other and more particular objects of the invention will
appear. as the: description proceeds.

To the accomplishment of the foregoing and related
ends, the invention, then comprises the features herein-
after fully described and particularly pointed out in the
claims, the following description and the annexed draw-
ing setting forth in detail one illustrative embodiment of
the invention, this Leing indicative, however, of but one
of the various ways in which the principles of the invention

may be employed.

In said annexed drawings:

Fig. '1'is a schematic diagram of a diaphragm pump
construction in accordance with out invention shown in
conjunction with its assoctated equipment;

Fig: 2 illustrates. a longitudinal secticnal view of a
preferred construction for our invention;

Fig. 3-illustrates a vertical sectional view taken along
the lines 3—3 in Fig. 2;

Fig. 4 illustrates a cross-sectional view of one con-
struction for a single chamber diaphragm pump whucn
employs the: pringiples of our imvention; and

Fig. 538 a cross-sectional view of ‘the preferred con-
struction. for the fluid reservoir of our invention.

Broadly stated, our invention. comprises a fluid pump,
in’ combination: a first chamber, a second chamber, a

-flexible diaphragm forming a common wall between said

first and second chambers, a liquid filling said second
chamber, means associated with said second chamber for
displacing the liquid therein to cyclically move said dia-
phragm from a neuiral position to cyclically increase and
decrease the capacity of said first chamber, a reservoir
maintaining a body of liguid under adjustably constant
pressure, and means providing a communicating passage
between said reservoir and sazid second chamber, said
passage provided ‘with a net effective cross-sectional area
which- will permit, at the pressure at which the liquid
in said second chamber is displaced, a maximnm rate
of liquid flow therethrough, which is substantially less
than the rate at which the volume of said first chamber
is changed during said cyclic movement of said dia-
phragm.

With reference now to Fig. 1, the pump constructed
in accordance with our invention is indicated geners Y
as a solid casing made wp of two perpendicular inter-
secting cylinders-1%-and 11. Protruding axially from the
cylinder 18.is a drive shaft 2 which, through a pulley
13, -is adapted to be-rotated by any suitable driving
means generally indicated at ¥4. From an orifice 15,
shown. more clearly in Fig. 3, in the periphery of the
cylinder 18, a conduit 16 protrudes which at its other
end is connected to a suitable fluid reservoir 17. Mounted
on -the ‘ends of the cylinder 11 are two heads 18 and
19 which contain -intake conduits 29 and exhaust. con-
duits- 21. - When the pump is used, the exhaust conduits
21 are connected to-any suitable: storage tank or piece
of pressure-oparated equipment. When the pump is used
to compress a fluid other than air, the intake conduits
26 are connected -to any suitable source of said fluid.
It should here be noted that while the intake lines 20
may. be connected to the same source of supply, they
may also be connected to different sources of supply
whereby the two ends of the cylinder 11 may be used
as -two’ independent pumps. -~ This procedure would . be
very advantageous where it was desired to compress two
different fluids to the same pressure and at the same rate.

Referring to Figs. 2 and 3 where sectional. views of
this ‘equipment ‘are shown, the drive shaft 12 is rotatably
mounted along the axis of the cylinder 10. by means of
suitable bearings 22. Mounted around the shaft 12 and
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rotatable with it is a conventional mechanical seal ar-
rangement which includes a metal shell 23, a spring
loaded rubber sleeve 23a contained therein, a rubber
O-ring 24, and a carbon ring 24a. Solidly mcunted on
the cylinder 19 by means of bolts 25 is a cap 26 in which
is cenfrally located an opening through which the shaft
12 protrudes. As the cap 26 is tightened down by the
bolts 25, it centacts the carbon ring 24a which in turn
compresses the sleeve 23a. The sleeve 234 maintains
the shell 23 against the ring 24 and the ring 24a against
the cap 26. The surface between the ring 24a and the
cap 29 is lapped so that the seal arrangement can rotate
with the shaft 1%, while sealing the opening in the cap 26.
Mounted on the shaft 12 and integral with it is an axially
extending eccentric pin 27. :

Slidably mounted in the cylinder 11 is a cylindrical
piston 28 which contains a peripheral cavity 29 adapted
to receive the end of the drive shaft 2. The cavity 29
is connected to the reservoir 17 by the conduit 16 and
the port 15 in the cylinder 18. Extending into the piston
238 from the cavity 29 is a cavity 38, extending perpen-
dicular to the axes of the piston 38 and the cylinder 10,
which contains a slidable set of bearings 31. The bear-
ings 31 are adapted to receive the eccentric pin 27.
Covering the ends of the cylinder 11 and fitting into
groeves 32 therein are flexible diaphragms 33 and 34. As
the heads 18 and 19 are tightened onto the cylinder 11
by means of bolts 35 the edges of the diaphragms 33 and
34 are compressed effecting a fluid seal between the heads
8 and 19 and the cylinder 11. The bodies of incom-
pressible fluid contained in the cavities 36 and 37 be-
tween the piston 28 and the diaphragms 33 and 34 are
referred to as fluid pistons. The caviiies 38 and 39
between the heads 38 and 192 and the diaphragms 33 and
34 are referred to as the compression chambers of the
pump.  The conduits 28 in the heads 18 and 19 contain
inwardly opening check valves 40 and the conduits 21 in
the heads 18 and 19 contain outwardly opening check
valves 41.

When a purap of the type herein described is used to
compress a gas, the conduits 20 are connected to any
suitable reservoir of that gas and the conduits 21 are
connected to a storage tank or a piece of gas-operated
equipment. The shaft 12 is then rotated by the driving

means 14, thereby causing the eccentric pin 27 to recipro-

cate the piston 28 in the cylinder 11. As the piston 238
is moved toward the head 18 and away from the head
19, the fluid piston 36 forces the diaphragm 33 into the
compression chamber 38. When the gas pressure in the

compression chamber 38 excecds the gas pressure in the

conduit 21, the check valve 41 therein will open, and fur-
ther movement of the piston 28 toward the head 18 will
cause the fluid piston te evacuate the compression cham-
ber 38. As the piston 28 is being moved toward the head
18, it is moving away frem the head 19, whereby the
fluid pisten 37 and hence the diaphragm 34 are drawn
away from the head 19 so that the compression chamber
2% is enlarged. As soon as the pressure in the compressor
chamber 39 falls below the pressure in the exhaust con-
duit 21, the check valve 41 therein will close, and the
rarefaction of the gas in the chamber 39 caused by the
further movement of the piston 28 away from the head
12 will cause the check valve 40 to open. Gas will then
flow into the compression chamber 39 until the piston 28
is again driven toward the head 19. Thus as the shaft 12
is rotated reciprocating the piston 28, compressed gas is
delivered alternately through the conduits 21 in the heads
18 and 19.

With reference now to Fig. 4 wherein is shown a cross-
section of a one-chamber pump constructed in accordance
with our invention, 42 designates the casing of the pump
which contains in its lower end a vent 43. Journalled
in the casing 42 is a drive shaft 44 to which is pivotally
connected -a connecting rod 45. The connecting rod 45
is in turn connecied through a suitable wrist pin 46 to a
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piston 47. In an annular groove in the piston 47 is a
packing disc 48 frictionally sealing the clearance passage
between the piston 47 and the casing 42. Covering the
top of the casing 42 and fitting into an annular groove
therein is a flexible diaphragm 49. Solidly mounted on
top of the casing 12 and held rigidly thereagainst is a
cap 59 which contains an inlet conduit 51 and an exhaust
conduit 52. The conduit 51 contains an inwardly open-
ing check valve 53, and the conduits 52 contain an out-
wardly opening check valve §4. The cavity 55 between
the -head 3¢ and the diaphragm 49 is referred. to as the
cempression chamber of the pump, and the body of fluid
56 contained between the diaphragm 49 and the piston
47 is referred to as the fluid piston. A conduit 37 in
the casing 42 is connected to the fluid piston 56 through
one or more very small orifices in the casing 42. In prac-
tice, these orifices may be provided by sealing in the
conduit 57 a block of porous metal.

When this pump is used to compress a gas the inlet
conduit 51 is connected to any suitable source of that
gas; the exhaust conduit 52 is connected to any suitable
storage tank or piece of gas-operated equipment; the
conduit 57 is connected to the fluid reservoir 17. The
crank shaft 44 is then rotated by any suitable driving
means so that the piston 47 is reciprocated in the casing
42. As the piston 42 and hence the fluid piston 56 and
the diaphragm 49 are moved away from the head 50, the
check valve 53 in the conduit 51 opens and the compres-
sicn chamber 85 is filled with gas. When the piston is
then moved toward the head 59, the check valve 53 closes
and the gas is compressed in the compression chamber
55 until the pressure in the chamber 55 reaches the pres-
sure of the gas in the conduit 52, at which point the check
valve 54 will open. Further movement of the piston 47
toward the head 50 then drives the compressed gas from
the chamber 55 into the conduit 52.

With reference to Fig. 5 wherein the preferred con-
struction for the fluid reservoir of our invention is shown,
17 designates the casing of the reservoir, which is con-
structed of two coaxial cylinders. Slidably mounted in
the larger cylinder is a piston 69 which contains in a
peripheral annular groove a packing disc 61.  Rigidly
connecting the piston 58 to the piston 60 is a rod 62.
The casing 17 contains a conduit 63 venting the space
between the pistons 38 and 60. A conduit 16 extends
from the reservoir on the side of the piston 60 remote
from the piston 58, and conduit 64 extends from the
reservoir on the side of the piston 58 remote from the
piston 60.. The conduit 16 and the volume of the reser-
voir on the side of the piston 66 remote from the piston
58, are filled with an incompressible fluid. In practice
the conduit 64 is coannected to the' outlet conduit, 21 in
Figs. 1 and 2 and §1 in Fig. 4, of the pump, and the
conduit 16 is connected to the fiuid piston of the pump
through a very restricted passageway. In Fig. 2, this
restricted passageway is the clearance between the piston
28 and the walls of the cylinder 11. In Fig. 4, this
restricted passageway comprises the pores in the block
of metal sealed in the conduit 57. This reservoir main-
tains a proportion between the pressure in. the pump
delivery conduit and the pilot pressure applied to the
fluid in the reservoir, This proportion, as described in
relation to the apparatus in Fig. 5, is the inverse propor-
tion between the area of the piston 58 and the area of
the piston 60.

In the preferred construction of our  invention, as
described in Fig. 2 and Fig. 3, the entire interior of
the pump, with the exclusion of the compression cham-
bers 38 and 39 and the interior of the seal arrange-
ment on the shaft 12, is filled with a hydraulic fluid
as is the conduit 16 to the reservoir 17.

When the pumps. comprehended by our invention are
operated, changes in the volumes of fluid pistons are
automatically compensated for by applying a liquid pres-
sure to the fluid piston through a passage which has an
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effective cross-sectional area- which will permit, -at the
pressure at which the fluid in the fluid pistons. is dis-
placed, a maximum rate of liguid flow therethrough which
is substantially smaller than the rate at which the volume
of the compression chamber is changed during the cyclic
movement of the diaphragm of the pump. This fluid
pressure is applied to a reservoir -as described above
which is connected to the fluid piston through a very
restricted passageway. This' passageway must permit
fluid flow therethrough, but this fluid flow must be small
enough that the volume of the fluid piston will not ‘be
decreased during a compression stroke to-the point where
the pump uselessly compresses gas in-the compression
chamber of the pump without' displacing it from the
pump. Furthermore, the passageway must be small
enough that it doesn’t permit enough fluid flow there-
through that the fluid piston on an intake stroke would
become large enough that an insufficient amount of gas
would be drawn into the compression chamber.

The pressure applied and the size of the restricted
passage are such that during normal operation the volume
of the fluid flowing into the reservoir on the compression
stroke will just equal the volume of the fluid flowing from
the reservoir during the remainder of the pump- cycle.

Whenever an imbalance results from expansion.-of
the fluid piston, the pressure applied to the fluid. piston
as it contacts the head of the pump on the compression
stroke will cause an increased rate. of fluid flow into
the reservoir, and this increased rate of flow: into the
reservoir will not be offset by an increased rate flow
from the reservoir during the remainder of the pump
cycle. Therefore, whenever the volume. of - the . fluid
piston becomes too great, more fluid will be passed into
the reservoir than from it, thereby reducing the volume
of the finid piston to normal.

Whenever an imbalance results from fluid seepage from
the pump whereby the volume of the fluid piston is too
small, the pressure on the fluid piston during the com-
pression stroke will not build up to the delivery pressure as
rapidly as it would for normal volume of the fluid piston,
and if the volume of the fluid piston is far enough below
normal, the pressure on the fluid piston will not build
up to the delivery pressure at all. Because of this re-
duced rate of pressure build-up, the amount of flnid
delivered to the reservoir on each stroke is reduced, but
the amount of fluid driven from the reservoir remains
constant. Thus, when the volume of the fluid piston
falls below normal, more flnid will be driven from.the
reservoir than is returned to its so that the volume.of
the fluid piston will be increased.

It can then be seen that the fluid pressure applied to
the fluid piston through the restricted passageway will
compensate for any changes in the volume of the fluid
piston.

In operation, the pressure applied to the reservoir
must be somewhere between the inlet and delivery pres-
sures of the pump, and as the delivery pressure is in-
creased, so must the pressure-applied to the reservoir
be increased. Experiment and analysis have corroborated
the fact that the maximum pressure at which the pump
will deliver a gas is substantially a linear function of
the pressure that is applied to the reservoir. Thus, the
utilization of the particular reservoir pressure system
herein illustrated is very advantageous because the pilot
pressure maintained on the fluid in the reservoir is pro-
portional at ail times to the pressure in the delivery
conduit of the pump. Because of this fact, the maximum
pressure capability of the pump is always increasing.
As the pressure builds up in the gas storage tank and the
pump delivery conduit, so does the pressure in the fluid
reservoir build up, thus enabling the pump to increase
the pressure in the storage tank still further. Whenever
a pump of a fixed maximum pressure output is desired,
the fluid reservoir herein described could be replaced
by a reservoir on which a fixed pilot pressure is main-

323

20

25

30

35

40

50

b5

60

65

70

75

6

tained, or by a reservoir on which is maintained a pres-
sure ‘which is inversely proportional to the pressure.in
the pump delivery conduit.

Our invention provides a much scught solution to the
problem of the provision of a diaphragm pump which can
efficiently be used for a high pressure and high output
gas compressor. By variation of the pilot pressure ap-
plied. to the fluid reservoir associated with our pump,
it. is possible to. adapt the pump so that it will deliver a
gas at a given maximum pressure. By the use of a fluid
reservoir as shown in Fig. 5, a gas compressor is pro-
vided which will deliver gas at an ever-increasing maxi-
mum- pressure. - Furthermore pumps constructed in ac-
cordance with our invention have eliminated the problem
of using sluggish check: valves in the fluid compensating
system and hence may be operated much faster. Be-
cause the entire interior of our pump is flooded with
hydraulic fluid, very effective lubrication of all moving
parts is afforded so that the life of the pump is extended.
A further prominent advantage of the preferred con-
struction-of the pump of our invention is its simplicity
and. light weight, only five pounds.

Although our invention is herein described in accord
with its use as. a high pressure. gas compressor, it may
be utilized as a fluid metering device for delivering regu-
lated quantities of -gases or liquids.

Other modes of applying the principle of the inven-
tion may be employed, change being made as regards the
details described, provided the features stated in any of
the following claims or the equivalent of such be
employed.

We . therefore, particularly point out and distinctly
claim: as our invention:

1. In a fluid pump, in combination: a first chamber
having inlet and outlet passageways, a second chamber,
a flexible diaphragm forming a common wall between
said first and-second chambers, a liquid filling said sec-
ond chamber, means associated with said .second cham-
ber for displacing the liquid therein to cyclicaily move
said diaphragm from a neutral position to cyclically in-
crease and decrease the capacity of said first chamber, 2
reservoir maintaining a body of liquid under pressure,
and means providing a continuously open communicating
passage between said reservoir and said second chamber,
said passage provided with a net effective cross-sectional
area which is smaller than the net effective cross-sec-
tional ‘area of said outlet ‘passageway to permit, at the
pressure. at- which.the liquid in said second chamber is
displaced, a maximum rate of liquid flow therethrough,
which is substantially less than the average rate at which
the volume of said first chamber is changed during said
cyclic movement of said, diaphragm.

2. In a fluid pump, in combination: a first chamber
having inlet and outlet passageways, a second chamber,
a flexible diaphragm formiug a common wall between
said first and second chambers, a liquid filling said second
chamber, means associated with said second chamber for
displacing the liquid-therein to cyclically move said. di-
aphragm from a neutral position to cyclically increase and
decrease the capacity of said first. chambar, a reservoir
maintaining a body of liquid under a pressure which is
between the maximum and minimum pressures in said
second chamber during one cycle of said piston’s move-
ment, and means providing a continuously open com-
municating passage between said reservoir and said sec-
ond chamber, said passage provided with a net effective
cross-sectional ‘area which is smaller than the net effective
cross-sectional arca of said outlet passageway to permit
at the pressure at which the ligqnid in said second chamber
is displaced, a maximum rate of liquid flow therethrough,
which is substantially less than the average rate at which
the volume of said first. chamber is changed during said
cyclic movement of said diaphragm.

3. In a fivid pump, in combination: a first chamber
having inlet and outlet passageways, a second chamber,
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a flexible diaphragm forming a common wall between -

said first and second chambers, a liquid filling said second
chamber, means associated with said second chamber for
displacing the liquid therein to cyclically move said di-
aphragm from a neutral position to cyclically. increase
and decrease the capacity of said first chamber, a reser-
voir maintaining a body of liquid under a pressure which
is proportional to .the pressure in said delivery conduit,
and means providing a continuously open communicating
passage between said reservoir and said second chamber,
said passage provided with a net effective cross-sectional
area which is smaller than the net effective cross-sectional
arca of said outlet passageway to permit, at the pressure
at which the liquid in said second chamber is displaced, a
maximum rate of liquid flow therethrough, which is sub-
stantially less than the average rate at which the volume
of said first chamber is changed during said ¢yclic move-
ment of said diaphragm.

4. The apparatus described in claim 3 characterized
further in that said means associated with said second
chamber for displacing the liguid therein comprises a
piston reciprocable in said second chamber and said
means providing a communicating passage between said

reservoir and said second chamber comprising the clear--

ance between the periphery of said piston and the wall of
said second chamber.

5. The apparatus described in claim 3 characterized
further in that said reservoir comprises first and second
housings mounted in fixed spaced relation with respect. to
each other, first and second pistons reciprocable respec-
tively in said first and second housings, said pistons rigidly
held in fizxed spaced relation with respect to each other,
a body of liquid impounded in said second housing on the
side of said seccnd piston remote from said first piston,
and communicating means between said outlet passage-
way and the interior of said first housing on the side of
said first piston remote from said second piston,

6. In a fluid pump, in combination: a first chamber
having inlet and outlet passageways, a second chamber,
a. flexible diaphragm forming a common wall between
said first and second chambers, a liquid filling said sec-
ond chamber, means associated with said second chamber
for displacing the liquid therein to cyclically increase
and decrease the capacity of said first chamber, a reser-
voir maintaining a bedy of liquid under a pressure which
is greater than the pressure in said inlet passageway, and
means providing a continucisly open communicating
passage between said reservoir and said second chamber,
said passage provided with a net effective cross-sectional
area which is smaller than the net effective cross-sectional
area of said outlet passageway to permit, at the pressure
at which the liquid in said second chamber is displaced,
a maximum rate of liquid flow therethrough, which is
substantially less than the average rate at which the vol-
ume of said first chamber is changed during said cyclic
movement of said diaphragm.

7. In a fluid pump, in combination: first and second
chambers each having inlet and outlet passageways; third
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and fourth -chambers; flexible diaphragms respectively
comprising -common walls between said first and third
and between second and fourth chambers; a liquid filling
said third and fourth chambers; means associated with
said third and fourth chambers for displacing the liquid
therein to cyclically move said diaphragms from neutral
positions to cyclically increase and decrease the capacities
of said first and second chambers; a reservoir maintaining
a body of liquid under pressure; and means providing
continuously open communicating passages between said
reservoir and said third and fourth chambers, said pass-
ages provided with net effective cross-sectional areas
which -are smaller than the net effective cross-sectional
areas respectively of the outlet passageways leading from
said first and second chambers to permit, at the pressure
at which said liquid in said third and fourth chambers is
displaced, a maximum rate of liquid flow. therethrough
which is substantially less than the average rates at which
the volumes of said first and second chambers are changed
during said cyclic movements of said diaphragms.

8. A pump comprising first and second chambers, each
having inlet and outlet passageways; third and fourth
chambers; flexible diaphragms respectively comprising
common walls between said first and third and between
said second and fourth chambers; a liquid filling said
third ‘and fourth chambers; means associated with said
third and fourth chambers for displacing the liquid there-
in to cyclically move said diaphragms from their neutral
positions to cyclically increase and decrease the capacities
of said first and second chambers; at least one smali con-
tinuously open orifice in a wall of each of said third and
fourth chambers, said orifices having net effective cross-
sectional areas which -are smaller respectively than the
net effective cross-sectional ‘areas of the outlet passage-
ways leading from said first and second chambers; and
means for maintaining, at the sides of said orifices re-
mote from said third and fourth chambers, a fluid pres-
sure which is between the pressure in said inlet passage-
ways and the pressure in said outlet passageways.

9. A pump comprising first and second chambers, each
having ‘inlet and -outlet passageways; third and fourth
chambers; flexible diaphragms respectively comprising
common walls between said first and third and between
said second and fourth chambers; a liquid filling said
third .and fourth chambers; a piston ‘alternatively -recip-
rocable into ‘and out of said third and fourth chambers;
and means for maintaining along a peripheral portion of
said piston intermediate of-its ends a fluid pressure which
is proportional to the pressure in said delivery conduits.
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