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The present invention relates to. pumping mechanisms
for feeding or metering liquids at predetermined rates.

As is well known, certain fluid. systems in use at the
present time require that small quantities of chemical
liquids - be. supplied - thereto at fixed rates. Very often
these chemical: liquids are.strong acids.and alkalies that
must be metered or fed to the fluid system in predeter-
mined quantities and in carefully measured proportions.
It is.to this function that the present invention is di-
rected. '

“Accordingly, an object of the present invention is to
provide an improved metering or proportioning pump
that is efficient, accurate and dependable in operation.

Another object of the present invention is to provide an
mproved. proportioning. pump for feeding liquids at pre-
determined rates and wherein the rate of feed may be ad-
justed while in operation.

Another object of the present invention is to provide an
improved proportioning pump that is capable of operating
against pressures that vary from atmospheric to very high.

Another -object of the present invention is to provide
a metering or measuring device which collects a definite
amount of, the. liquid to.be pumped and.then quickly re-
leases it through a.siphon.

Another object is to provide a_hydraulic pressure- in-
ducing. means for actuating a diaphragm, said pressure
inducing means operating without the conventional pop-
pet, disc or other seated type of valves, and using in~
stead a rotating and reciprocating piston operating in a
cylinder. - The motion of the piston being. such, and the
design being such as to open and close a single cylinder
port at the proper part of its reciprocating stroke. - Thus
valve leakage, sticking, etc.; are eliminated . and perfect
timing of the hydraulic pressure inducing. pump is ob-
tained. : s :

Another object.is to provide mechanical power opera-
tion of the.inlet and-outlet valves for thé chemical liquid
side of the pump, through the medium of a:timed lever
and cam. e :

Another object is-to provide means for quick removal
and replacement of the chemical diaphragm unit, without
disturbifig the hydraulic oil pressure inducing ‘piston’ and
cylinder unit; . :

A further object of the present invention is to provide
a proportioning or metering ‘pump wherein trapped air
bubbles that might cause erratic volume are eliminated.

In accordance with thess and other objects, the present
invention contemplates a dual pumping system, -The first
pump is of the cylinder piston type wherein the piston is
driven by an electric motor and the cylinder is in com-
munication with a reservoir of oil or othet [ubricant, As
the piston reciprocates, oil s pumped 'to a diaphragm
which comprises the second pump of the dual System.
The reciprocation of the piston Will cause periodic flexing
of the diaphragm by means of the oil pressuie on one
side thereof. - The other side of the diaphragm communi-
cates with a chamber that forms part of the chemical
liquid pumping system. The diaphragm in effect sep-
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arates the oil pumping system from the liquid pumping
system. The piston cylinder pump is of the rotating
piston type in which- the cylinder can be set at an angle
to vary the stroke of the piston. In this way the volume
of the oil against the diaphragm can be convenienily and
accurately adjusted so that the quantity of liquid fed by
the diaphragm pump can be predetermined.

The diaphragm . chamber is closed, except for valve
openings, by the flexible diaphragm held in place by a
heavy -plate. Oil from  the piston pumping mechanism
is supplied through the plate -and can thus flex the dia-
phragm which is returned by a compression spring in the
diaphragm chamber.

The invention will be mere fully understcod from the
following description of -a specific embodiment thereof
taken with the drawings'in which:

Fig. 1 is a plan view of the proporticning pump of the
present-invention;

Fig. 2 is a side elevation -of the pump of Fig. 1;

Fig. 3 is a side elevational view similar to Fig. 2 show-
ing the piston and cylinder disposed at an angle to in-
crease the piston stroke;

Fig. 4 is a front view of the diaphragm chamber;

Fig. 5 is a sectional view taken on the line 5—5 of
Fig. 4;

Fig. 6 is a front view of a modified diaphragm cham-
ber;

Fig."7 is a.sectional view taken on the line 7—7 of
Fig. 6;

“Fig. 8-is an: elevational view of a modification of the
present invention wherein a constant stroke piston pump
is. employed and - a.regulating cylinder determines the
amount of oil volume. against the diaphragm;

Fig. 9 is a detailed view of the cam operated vaive
mechanism used. in the medification shown in Fig. 8; and

Fig. 10 is a sectional view. of a metering or measuring
device. ’

Referring now to the drawings-and more particularly to
Figs. 1 and 2, numeral 10 represents a base which may be
made of cast iron and serves -to support the pumping
mechanism. = A motor with gear reduction 11 is mounted
on the base by means of brackets 12 and has a shaft 13
to the end of which a coupling 15 is secured by means of
screw 16 and mut' 17, said coupling rotating with
the motor shaft. A pair of lugs 18 and 19 of the coupling
support an apertured ball 21 which is located or seated
in depressions on the inner surfaces of the lugs. A slid-
ing fit is provided between the ball 21 and the seats on the
inner surfaces of the lugs so that the ball is free to rotate.
A pin 22 passes through the aperture in the ball and has
a piston 23 secured at the other end thereof. )

A pair of upstanding arms 24 and 2§ which may be
formed integral with the base casting 19 serve to support
a U-shaped bracket 26 which is pivoted at each end to
the ‘arms 24, 25, by means of bolts 27 and 28, respec-
tively. ‘This pivotally mounted bracket 26 serves as a
support for a cylinder 29 within which the piston . 23
reciprocates and rotates. A bracket 31 is sccured to
the cylinder and has a screw 32 passing’ vertically there-
through. The bettom end of the screw 32 contacts the
base casting 16 and determines the position of the cylin-
der 29. It is readily seen then that by adjusting screw
32 the cylinder can be angularly raised or lowered. By
turning screw 32 downward through™ bracket 31, the
cylinder 29 -mounted in U-bracket 26 will be swung up-
wardly and conversely a reverse adjustment of the screw
will permit-the cylinder to pivot downward to the position
shown in ‘Fig. ‘3. As the cylinder is so adjusted, the
piston 23 is free to follow the cylinder due to the swivel
or ‘ball coupling 21. ‘With the piston "and cylinder in
the pesition ‘shown in Fig. 2, the piston stroke will be
zefo, Tt is seem, that as the motor shaft 13 rotates
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coupling 15, the pin 22 will rotate in a vertical plane
and though this will rotate the piston 23 there will be
no reciprocating movement thereof. However, as the
piston is permitted to pivot downwardly by adjusting
screw 32, the driving arm is swung out of the vertical
plane and will impart a reciprocating movemeni to the
piston. With the cylinder disposed at a small angle the
piston stroke will be correspondingly small and as the
angle of the cylinder is increased the piston stroke will
correspondingly increase.

The pumping action of the piston may be visually
indicated by means of a pointer 33 secured to the piston.
A calibrated plate 34 is conveniently mounted to the
base casting 10 and calibrated in ounces per hour whereby
the position of the pointer will indicate the quantity of

10

liquid pumped depending of course upon the angular _

position of the cylinder and piston.

An oil reservoir 35 is secured to the underside of the
cylinder and connects to the inlet port 36 thereof. The
piston 23 has a single longitudinal groove 37 of suffi-
cient length to register with the cylinder port 36 at the
proper part of the stroke. The reservoir which is always
vented to the atmosphere has an air-tight tube 38 extend-
ing downward into the oil supply and a drain is provided
at the point where the piston enters the cylinder to collect
any oil that may leak past the piston in order to return
it to the oil reservoir. The ports of the piston and
cylinder are so arranged that the interior of the cylinder
is open to the oil reservoir only on the suction stroke
of the piston. It is seen then that as the piston recipro-
cates, oil from the reservoir will be drawn upward into
the cylinder and pumped under pressure through tube
39. Therefore, the oil reservoir not only provides lubri-
cation for the piston and cylinder assembly but also sup-
plies the liquid for the hydraulic operation of the dia-
phragm pump now to be described.

Referring now to Figs. 4 and 5, tube 39 through which
the oil is pumped terminates in a coupling 41 which is
screw threaded to a plate 42. The diaphragm chamber
is generally indicated by numeral 43 and comprises a
block 44 which may be of a plastic material such as
Lucite, or other materials including metals which would
resist the chemicals to be pumped. A liquid chamber
45 of generally frusto-conical contour is formed in the
face of block 44 and is covered by diaphragm 45. The
diaphragm.is held in place by the plate 42 which is
screwed to the face of block 44 by means of screws 46.
A small Lucite or other chemical resistant material press
plate 47 is located against the inner surface of the dia-
phragm and a tensjon spring 48 presses against the press
plate 47 and against the inner surface of the frusto-
conical liquid chamber 45, The spring is maintained in
place by means of projection 49 on the press plate and
projection 51 on the inner surface of the liquid chamber.
It is apparent then from the description so far, that as
the column of oil in tube 39 is pumped by the piston-
cylinder pump, the diaphragm 45 is periodically flexed
against the action of spring 48 to thereby cause a pump-
ing action within the liquid chamber. It will be noted
that the oil is returned at each stroke by the spring 48
through tube 39 and thence through the piston port 27
and cylinder port 36 through oil tube 38 to container 35.

The diaphragm chamber 45 has an inlet port 52 pass-
ing vertically down from the top thereof and is screw
threaded to receive a coupling 53 which connects to ‘a
supply of the chemical liquid to be pumped. A horizon-
tally disposed outlet port 54 is similarly screw threaded
to receive an outlet coupling 55 which connects to the
system (mnot shown) which is to receive the measured
or metered-liquid. The inlet port 52 connects to an
intermediate chamber. 56 by means of a downwardly
sloping bore 57. Another bore 58 connects the inter-
mediate chamber 56 with the outlet port 54 and bore 52
connects bore 58 with the liquid chamber 45 as clearly
seen in Fig. 4. The intermediate chamber 56 is covered
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5 through a bore 79 in the coupling.

-
. 4 v

by a diaphragm 61 which is held in place by means of
plate 62 and sctews 63 which pass through the plate and
diaphragm to be received in threaded holes 40 in block
44, A valve plunger 64 is received in the chamber 56
and is screw threaded to receive sciew 67 which passes
through member 68. The screw 67 and hence plunger
64 are urged to the left as seen in Fig. 4 by means of a
compression spring 69 which bears against plate 62 and
the underside of a washer 71 located under the head of
screw 67. The inlet valve is ¢ompleted by means of a
pair of O-rings 72 located at the smaller inner end of
intermediate chamber 56, and a valve lifting pin 73.
The outlet valve comprises an O-ring 74 in the inner
end of the outlet port 54 and a ball 75 spring urged by
means of compression spring 76 against the O-ring 74.

In operation it will be seen that depressing plunger
64 to the right first causes the plunger to seat against th_e
two O-rings 72, closing the inlet valve and after this
seating occurs further dépression of the plunger 64
causes an extra flattening of the two O-rings 72 a'nd_ a
slight movement of pin 73 to the right thereby hft.mg
the ball 75 from its seat against the O-ring 74 against
which it has been urged by spring 76 and thus opening
the outlet valve. When the plunger returns to its original
position, these operations occur in the reverse order.
Both of these valves are so arranged as to pre.vent trap-
ping of air bubbles to prevent erratic pumping action
and both valves cannot be open at the same time. .As
is seen, this is accomplished by keeping all trapping
spaces vented to the exhaust or outlet .valve. T‘hlS
mechanical valve arrangement is used only in connection
with the cam 131 and lever 129 to be described here-
inafter.

Reference will now be made to Fig. 6 wherein there
is shown a diaphragm chamber which is a modification
of that shown in Fig. 4. This modified diaphragm cham-
ber is generally indicated by numeral 76. The ‘lo».ver
portion of this modified diaphragm chamber i§ similar
to the one above described and includes the liquid cham‘-
ber covered by the diaphragm which is acted upon tgy
the oil pumping system. An inlet port 77 is for_med in
the upper portion of the diaphragm chamber and is screw
threaded to receive a coupling 78 to which the source of
liquid (not shown) is applied and passed to the inlet port
A conical shaped
filter 81 is secured by any suitable means to the coupling
and serves to strain or filter the fluid as it passes to the
inlet port 77. A bore 82 formed in the diaphragm
chamber connects. the inlet port 77 with an intermediate
‘chamber 83 and a downwardly extending bore 84 inter-
connects the intermediate chamber with the liquid cham-
ber similar to bore 59 in Fig. 4. The outlet port 85 also
connects to chamber 83 by means of bore 86 as clearly
seen in Fig. 6. Chamber 83 has a ball valve comprising
ball 87 which bears against O-ring £8 under the pressure
of compression spring 89. A plug 91 is screw threafled
in the end of chamber 83 and the spring 89 bears:against
this plug. It is understcod then that as the diaphragm
is pulsed, the suction half of the pulsing cycle will draw
the liquid from inlet port 77 through bore 82 and
through the valve in chamber 83 and through bore 84 to
chamber 45, Then as the diaphragm is flexed inwardly,
the liquid in chamber 45 is forced upward through bore
84 into chamber 83 and then forced upward through port
86 and through the ball valve in the outlet port. This
valve includes a ball 92 which is spring urged by com-
pression spring 93 against O-ring 94 which serves the
usual sealing function. The outlet coupling 95 is screw
threaded to the upper end of the outlet port and as the
diaphragm forces the liquid up into the outlet port at a
fixed predetermined rate the liquid is thereby fed to the
outside system in predetermined proportions.

Reference will now be made to Figs. 8 and 9 in con-
sidering a modification of the présent invention in whxch
the stroke of the cylinder pistor pump remains constant
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reservoir 101 mounted on. n cast iron base 102, By
means of bracket 103, a cylinder 104 is mounted in at a
fixed angle as shown in Fig. 8. The bracket 163 may be
secured in any suitable manner and encircles the cyl-
inder which is maintained in place by screw 165 passing
through the ‘end of the bracket. A piston 106 which. is
similar to piston 23 of Fig. 2, reciprocates and rotates
within the fixedly mounted cylinder 104. A driving arm
1987 is secured to the end of the piston and passes through
an aperture in ball 108 which is mocunted between the
arms 102 of a coupling 111. Motive: power ‘is” supplied
by a motor 2112 having a shaft 113 which’through a suit-
able reduction gear box 114 serves to mount the coupling
112, It is seen from the description so far that as shaft
113 rotates, coupling 111, arm 199 will rotate thereby
causing the piston to reciprocate and rotate within its
cylinder in a manner similar to that above described with
reference to Figs. 1 and 2. Since the cylinder 194 -is
fixedly mounted, the stroke of the piston cannot be varied'
and hence the column of oil pumped by the piston must
be adjusted by other means hereinafter described.

The cylinder 124 has an inlet port 115 and the piston
has a longitudinal groove 116 extending along the outer
surface thersof. As the piston reciprocates and rotates,
oil from reservoir 101 is thereby drawn inio the interior
of the cylinder and pumped through a tube 2117 which
passes through the cylinder head 118. Therefore, as the
piston-cylinder pump operates, a column of oil is pumped
under pressure to the succeeding diaphragm pump. In
order to adjust the pressure of the backward and forward
moving column of oil, a regulating unit generally in-
dicated by numeral 118is interposed ‘in the oil line.
This unit includes a cylinder 119 having an inlet port to
which tube 117 connects:: An outlet tube 121 connects
with an outlet port in cylinder 119 and by means of a
coupling 127 connects to a diaphragm- chaniber 'gen-

erally indicaied by numeral 123 which may be similar

to the diaphragm chamber shown.in .defail in. Figs. 4

and 5. - A piston 124 within the regulating cylinder-is:-

maintained in place by a screw 228 passing through: a
cylinder head 128. The screw is screw threaded to the
cylinder head and serves to limit the motion: of the pis-
ten 124. Compression spring 127 bears against the upper
surface of the piston and against the lower or inmer sur-
face of the cylinder head 126. It is understood then, that
by manually adjusting screw 125, the piston is permitted
to reciprocate more or less, thereby varying the amount of
oil that is permitted to press against the diaphragm, and
hence varying the amount of chemical liquig pumped by
the diaphragm.

The diaphragm chamber 23 may be one or the other
of the type in cither Fig. 4 or 6, hereinabove described.
In the case of Fig. 4 or mechanical valve 'diaphragm
chamber, a ]
operated by a'cam 131 which is mounted on the coupling
31%. The lever arm- 129 is spring urged to its normal
position by a spring 132 secured at ¢ne end to the arm
and “anchored to a bracket 133 which may be con-
venienily secured to the gear box. - The lever is oscillated
by the cam 132 in timed relation with the piston of the
oil pressure pump. The cam in turn operates the inlet
and outlet valves on the diaphragm chamber 123, Fig. 9

g
shows the arrangement whersby arm 129 controls. the
inlet and cutlet valves of the diaphragm chamber. As
the arm oscillates, 2 plunger 134 is permitted to move
under the action. of spring 135 to periodically operate
the inlet valve. Similarly, the cutlet valve of the dia-
phragm chamber 123 is confrolled by the oscillating arm
123, since both valves are operated through the medium

of the fluid pumped can be preset and .
adjusted by a reguldting unit. This unit inclidés an oil

pivotally mounted: lever 128 is cyclicall ]
E Ve y
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plunger 134. The arrangement of both inlet and outlet ]

valves being such that both of them cas never be open

at the same time. .
Referring now to Fig. 10 there is shown a metering or

measuring device generally indicated by nymeral 140

75.
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which:.can be coupled to the inlet valve of the diaphragi:
cligmber in order t6 visnally indicate the quantities of .
liquid being ‘pumiped.” This measuring device comprises
a transparent cylinder 141 hermetically connected at its -
upper end with the source of liquid by means of a cou-
pling 342. A siphon 143 and a tube 144 are each located
within the measuring device as shown in Fig. 10. On
its lower side, the siphon connects to a chamber 145
which is in direct communication with the sucticn valve
of the diaphragm pump as hereinabove described. The
chamber of the diaphragm pump should be as large or
larger than chamber 145 so that ample room may be
provided fer the intermittent siphon tube which then
quickly empties into the inlet valve chamber 145 of the
diaphragm pump.  Since the volume of the upper cham-
ber is known, it is only necessary to know the period of
time it takes to fill, in order to know the volume of
liquid being pumped per unit of time. This metering or
measuring device can be added as an accessory to either
of the pumps above described.

Though the present invention has been described with -
reference to specific embediments thereof, it is under-
stood modifications and combinations of the above ele-
ments may be made without departing from the spirit or
scope of the present invention as defined in the appended
claims. For example with the present invention, it is
possible to handle two different liquids at cae time by a
single motor, and proportion both of them individually,
This is accomplished by using two oil pressure inducing
piston and cylinder assemblies on a single motor. These
two oil pressure inducing assemblies may be connected
in the manner herein described to two separate diaphragm
chambers. The volumes of each cylinder may be varied
by varying their angles as shown in the system of Figs.
1, 2,3 or by an oil regulating cylinder as shown in the
embodiment.

It will be also noted according to the invention that
there is provided an easily and quickly renewable or re-
placeable valve means wherein the O-rings of proper
fiexible material float on a valve seat. Also a ball valve
is provided which rests on and covers the opening in the -
O-ring as shown in Figs. 4 and 6. By such arrangement -
the pressure of liquid acting against the bail urges the
ball and O-ring against the valve seat.

We claim:

1. A pumping system for feeding liquid at a predeter-
mined rate comprising an oil reservoir, a first pump hav-
ing a cylinder and piston, said cylinder being fixedly
mounted in said reservoir, a motor providing a rotating
shaft, mechanical coupling means interconnecting the
motor shaft and piston to apply a reciprocating and ro-
tating motion o said piston whereby oil from the reservoir
is pumped by the action of the rotating reciprocating :
piston, a second pump including a diaphragm chamber,
said chamber ‘including a flexible diaphragm, an inlet
port and an outlet port, first valve means and second
valve means located within said diaphragm chamber, a.
pivotaily mounted arm adjacent said coupling means, cam
means secured to said motor shaft to oscillate said arm,
means interconnecting said first and second valves, plunger
means contacting said arm and said first valve means
whereby said oscillating arm periodically opens and closes
said first and second valve means, tube means connect-
ing said cylinder and the outer surface of said diaphragm
whereby the action of said first pump petiodically flexes
said diaphragm and an oil regulating cylinder interposed .
in said tube means.

2. A pumping system for feeding liquid at a predster-
mined rate comprising an oil reservoir, a first pump hav-
ing a cylinder and piston, said cylinder being fixedly.
mounted in said reservoir, a motor providing a rotating
shaft, mechanical coupling means interconnecting the-
motor shaft and piston to apply a simultaneous reciprocat-
ing and rtotating motion to said piston whereby oil from-
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the reservoir is pumped by the action of the rotating

reciprocating piston, a second pump including a dia-

phragm chamber, said chamber including a liquid cham-
ber, a diaphragm covering said liquid chamber, an inlet
port adapted to receive liquid to be pumped and an outlet
port formed in said diaphragm chamber; first valve means
and a second valve means located within said diaphragm
ch_amber, a pivotally mounted arm adjacent said cou-
pling means, cam means secured to said motor shaft to
oscillate said arm, means interconnecting said first and
segond valves, plunger means contacting said arm and
said first valve means whereby said oscillating arm
periodically opens and closes said first and second valve
nieans, tube means connecting said cylinder and the outer
surface of said diaphragm whereby the action of said
first pump periodically flaxes said diaphragm and an oil
regulating cylinder interposed in said tube means.

3. A pumping system for feeding liquid at a predeter-
mined rate comprising an oil reservoir, a first pump having
a cylinder and piston, said cylinder being fixedly mounted
in said reserveir, a motor providing a rotating shaft,
mechanical coupling means interconnecting the motor
shaft and piston to apply a reciprocating and rotating
motion tc said piston whereby oil from the reservoir is
pumped by the action of the rotating reciprocating piston,
a second pump including a diaphragm chamber, said
chamber including a liguid chamber, a diaphragm cover-
ing said liquid chamber, an inlet port adapted to receive
liguid to be pumped, an outlet port and an intermediate
chamber, each of said inlet port, outlet port, intermediate
chamber and liquid chamber being joined by bores formed
in said diaphragm chamber, first valve means located
within said inlet port, second valve means, located within
said outlet chamber, a pivotally mounted arm adjacent
said coupling mieans, cam means secured to said motor
shaft to osciliate said arm, means interconnecting said first
and second valves, plunger means contacting said arm
and said first valve means whereby said oscillating arm
periodically opens and cioses said first and second valve
means; tube means connecting said cylinder and the outer

surface of said diaphragm whereby the action of said.

first pump periodically flexes said diaphragm.

4. A pumping system for feeding liquid at a predeter-
mined rate comprising an oil reservoiz, a first pump having
a cylinder and piston, said cylinder being fixedly mounted
in said reservoir, a motor providing a rotating shaft,
mechanical coupling means interconnecting the motor
shaft and piston to apply a reciprocating and rotating
motion to said piston whereby oil from the ressrvoir is
pumped by the action of the rotating reciprocating piston,
a second pump including a diaphragm chamber, said
chamber including a liguid chamber, a diaphragm cover-
ing said liquid chamber, an inlet port adapted to receive
liquid to be pumped, an outlet port and an intermediate
chamber, each of said inlet port, outlet port, intermediate

chamber and liquid chamber being joined by bores formed -

in said diaphragm chamber, first valve means located
within said inlet port, second valve means, located within
said outlet chamber, a pivotally mounted arm adjacent
said coupling means, cam means secured to said motor
shaft to osciliate said arm, means interconnecting said first
and second valves, plunger means contacting said arm
and said first valve means whereby said oscillating arm
periodically opens and closes said first and second valve
means, tube means connecting said cylinder and the outer
surface of said diaphragm whereby the action of said
first pump periodically flexes said diaphragm and an oil
regulating cylinder interposed in said tube means.

--5. A pumping system for feeding liquid at a predeter-
mined rate comprising an oil reservoir, a first pump having
a cylinder and piston, said cylinder being fixedly mounted
in said reservoir, means for operating the pump, mechani-
cal coupling means interconnecting the means and piston
to apply a reciprocating and rotating motion to said piston,
said piston having a longitudinal groove along the outer
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surface thereof, said cylinder having an oil inlet port
whereby oil from the reservoir is pumped by the action
of the rotating reciprocating piston, a second pump in-
cluding a diaphragm chamber, said chamber including a
liquid chamber, a diaphragm covering said liquid chamber,
an inlet port adapted to receive liquid to be pumped,
an outlet port and an intermediate chamber, each of
said inlet port, outlet port, intermediate chamber and
liquid chamber being joined by bores formed in said
diaphragm chamber, first valve means located within said
inlet port, second valve means, located within said outlet
chamber, a pivotally mounted arm adjacent said ccupling
means, cam means secured to said motor shaft to oscillate
said arm, means interconnecting said first and second
valves, plunger means contacting said arm and said first
valve means whereby said oscillating arm periodically
opens and closes said first and second valve means, tube
means connecting said cylinder and the outer surface of
said diaphragm whereby the action of said first pump
periodically flexes said diaphragm and an oil regulating
cylinder interposed in said tube meams.

6. In a pumping system, pumping means, a cylinder
and piston therefor, coupling means interconnecting the
piston and the pumping means, applying a simultaneous
reciprocating and rotating motion to said piston, oil entry
means for said cylinder, said piston having a longitudinal
groove along the surface thereof, 2 second pump including
a diaphragm chamber, said chamber having a diaphragm
covering said liquid chamber, resistance means in the
chamber for opposing the action of the diaphragm, an
inlet port adapted to receive liquid to be pumped, an outlet
port and an intermediate chamber, each of said inlet
port, outlet port, intermediate chamber and liquid cham-
ber being joined by bores formed in said diaphragm
chamber, first valve means located within said inlet port,
second valve means, located within said outlet chamber,
a.pivotally mounted arm adjacent said coupling means,
cam means secured to said motor shaft to oscillate said
arm, means interconnecting said first and second valves,
plunger means contacting said arm and said first valve
means whereby said oscillating arm periodically opens
and closes said first and second valve means, tube means
connecting said cylinder and the outer surface of said
diaphragm whereby the action of said first pump periodi-
cally flexes said diaphragm and an oil regulating cylinder
interposed in said tube means.

7. Tn a system for feeding liquids at varying rates, a
first pump including a revolving drive shaft, a cylinder
inclined at an angle with regard to said shaft, said cylinder
having a head with an opening therein and a port in its
side, a tube hermetically connected at one end to said
port, an atmospheric hydraulic fluid reservoir, means for
maintaining the cther end of said tube under the hydraulic
liquid in said reservoir, a piston having a driving pin
affixed to one end thereof and extending beyond its
center axis, a longitudinal port on the outside of sa%d
piston, a universal coupling means for interconnecting said
revolving drive shaft and said piston driving pin whereby
the piston is caused to simultaneously make one complete
revolution and one complete reciprocation with each rev-
olution of the revolving drive shaft, means for varying
the angle of said cylinder thereby effecting variation of
the piston stroke, a second pump comprising a flexible
diaphragm, a chamber containing inlet and outlet valves,
a cover plate having an opening therein, means for holding
said plate, diaphragm and charber together in leak-procf
relation, a spring in said chamber holding said diaphragm
against said cover plate, said spring being at least strong
enough to hold said diaphragm against the cover plate
when any vacuum is produced in szid chamber and a
hermetic fluid tube connecting the cylinder head of the
first pump and the opening in the cover plate cf the
second pump.

8. In a system of the character described, a first pump,
a second pump, said first pump comprising an inclined
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c_ylinder having an opening in its head and a port in its
51d§, a tube hermetically connected at its one end to said
cylinder port and having its other end immersed in hy-
'firaulic oil at atmospheric pressure, a piston in said cyl-
{nder, a grooved port on the side of said piston, a revolv-
ing sh_aft, a universal coupling ball joint for interconnect-
ing said piston and said revolving shaft to simultaneously
pr_oduce one rotation and one complete reciprocation of
said piston for each revolution of said revolving shaft,
means for varying the angle of said cylinder to change
its stroke length, the aforesaid cylinder and piston ports
being timed so as not to pump hydraulic fluid from said
cylinder head opening when the pump is operating until
the cylinder head is hermetically connected to the second
pump, said second pump comprising a chamber having
inlet and outlet valves, a cover plate having an opening
therein, a flexible diaphragm acting as the common wall
between said chamber. and said cover plate, means se-
curing said diaphragm and plate in leakproof relation-
ship to each other, a spring in said chamber for pressing
said diaphragm tightly against said cover plate, said spring
being capable of exerting a pressure at least great enough
to hold said diaphragm against said plate under any va-
cuum in said chamber, and a hermetically connected tube
connecting the opening of the cylinder head of the first
named pump with the opening in the cover plate of the
second pump.

9. In a variable feed pump, an oil immersed cylinder
set at a fixed angle, said cylinder having an outlet in its
head end and a port through its side, a piston having a
drive pin affixed to its base extending outside its axis, a
longitudinal port in said piston extending from its head
part way down its outside surface, a revolving motor shaft,
a universal joint means interconnecting said piston pin
and said revolving motor shaft so as to simultaneously
produce one complete rotation and one complete recip-
rocation of the piston for each revolution of the motor
shaft, a second pump comprising a chamber, inlet and

outlet valves for said chamber, an opening covered by a

flexible diaphragm, a cover plate, means for securing said
chamber, diaphragm and cover plate in pressure tight rela-
tionship, a spring in said chamber holding said diaphragm
against said cover plate, said spring being at least strong
enough to prevent said diaphragm from moving away
from said plate when any vacuum is produced in said
chamber, an opening in said cover plate communicating
with said diaphragm, a connecting tube for hermetically
connecting the cylinder head opening of the first pump
with the opening in the aforesaid cover plate of said dia-
phragm chamber, timing means for causing the cylinder
port to be in registry with the piston port for somewhat
more than the last half of the suction stroke of said
piston, and out of registry for all other parts of the suc-
tion and compression strokes, regulator means including
a spring loaded piston in a cylinder, the head of which is
in hermetic liquid communication with the hydraulic
fluid leaving the cylinder head of the aforementioned
first pump, and motion limiting means for restricting or
stopping the stroke of said spring loaded piston.

10. A pump for the variable metering of liquids, con-
sisting of a first pump having a cylinder mounted at an
angle, said cylinder having an opening in its cylinder
head, and a single port in its side, a piston in said cylin-
der having a single longitudinal port communicating with
its head, a rotating driving shaft, a universal ball coupling
means interconnecting said driving shaft and said piston
to produce one rotation and one complete reciprocation
for each revolution of the driving shaft, means for vary-
ing the angle of said cylinder whereby the stroke of the
piston may be varied, a tube one end of which is con-
nected in a leakproof manner to said cylinder port and
the other end immersed in hydraulic fluid in an atmos-
pheric fluid reservoir, port timing of the piston and cylin-
der ports so arranged that the two ports are not in regis-
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try with each other for the first part of the suction
stroke and are in registry with each other and the fluid
immersed tube above menticned for the balance of the
suction stroke, and are out of registry with each other
for the entire exhaust siroke of said piston, a second
pump consisting of a diaphragm having a pumping cham-
ber hermetically mounted on its one side and a cover
plate hermetically mounted on the other side, said pump-
ing chamber having inlet and outlet valves, a spring press-
ing said diaphragm against said cover plate with a pres-
sure great enough to resist inward movement of the
same when any vacuum is produced in said chamber, an
opening in said cover plate, tubing hermetically connect-
ing said opening with the opening in the cylinder head of
the first pump.

11. In a variable volume liquid feeder system, a pri-
mary pump consisting of a cylinder mounted at an angle,
a port in the wall of said cylinder, a tube connected to
said port in a leakproof manner, a hydraulic fluid reservoir
open to the atmosphere, means for maintaining the open
end of said tube immersed in said hydraulic fluid, a head
for said cylinder having an opening therein, a piston hav-
ing a single port, a pin rigidly connected to the base of
said piston extending outside the axis of the same, a motor
driven rotating drive shaft, a universal joint coupling
for interconnecting said piston pin and said rotating shaft
50 as to cause the piston to simultaneously make one
complete reciprocation and one complete revolution for
each revolution of the rotating drive shaft, a secondary
pump comprising a chamber having inlet and outlet valves,
a flexible diaphragm for closing said chamber, a cover
plate having an opening therein, means for securing said
chamber, diaphragm and cover plate in leakproof rela-
tionship, a spring within said chamber for forcing said
diaphragm tightly against said cover plate, tube means
for hermetically connecting the opening in the cylinder
head of the primary pump and the opening in the cover
plate of the secondary pump. .

12. In a variable volume liquid feeder system, a pri-
mary pump consisting of a cylinder mounted at an angle,
the angle of said cylinder being variable without affect-
ing the timing of the port in the wall of said cylinder, a
port in the wall of said cylinder, a tube connected to said
port in a leakproof manner, a hydrautic fluid reservoir
open to the atmosphere, means for maintaining the open
end of said tube immersed in said hydraulic fluid, a head
for said cylinder having an opening therein, a piston hav-
ing a single port, a pin rigidly connected to the base of
said - piston extending outside the axis of the same, a
motor driven rotating drive shaft, a universal joint cou-
pling for interconnecting said piston pin and said rotat-
ing shaft so as to cause the piston to simultaneously make
one complete reciprocation and one complete revolution
for each revolution of the rotating drive shaft, means for
varying the angle of said cylinder to vary the piston
stroke, a secondary pump comprising a chamber having
inlet and outlet valves, a flexible diaphragm for closing
said chamber, a cover plate having an opening therein,
means for securing said chamber, diaphragm and cover
plate in leakproof relationship, a spring within said
chamber for forcing said diaphragm tightly against said
cover plate, tube means for hermetically connecting the
opening in the cylinder head of the primary pump and
the opening in the cover plate of the secondary pump.
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