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This invention relates to proportioning pumps for de-
livering at least two different substances in a fixed propor-
tion.

Proporticning pumps having a plurality of cylinders
are known. In pumps of this type, one of the cylinders
delivers one liguid and the other cylinders the other
liquid, the two liquids being delivered in a fixed propor-
tion. Such pumps are used, for example, in the manu-
facture of margarine where a mixture of oil and water
in the ratio of approximately 4:1 has to be delivered.
For that purpose pumps having five cylinders of equal
bore have been used, four for the oil and one for the
water. The piston of the cylinder for the water-phase is
sometimes provided with a variable stroke so that an
adjustment can be made for differences in the volumetric
weights of the liquids.

With such a pump, however, it is impossible to alter the
proportion between the output of the four cylinders on
the one hand and the output of the fifth cylinder on the
other hand without throwing the pump seriously out of
balance. Nor is it possible to obtain a ratio of say 4:1
with a three-cylinder pump of normal construction.
This is a serious disadvantage as a three-cylinder pump
is much simpler in construction and has only a slight
larger maximum deviation from the average output than
a five-cylinder pump.

It is, therefore an object of the present invention to pro-
vide a pump having a plurality of cylinders capable of
being readily adapted to deliver at least two substances
in any desired proportion without throwing the pump
seriously out of balance.

According to the invention a pump can be provided
having a plurality of main cylinders for one substance
and at least one interchangeable secondary cylinder for
another. The latter cylinder is joined in direct com-
munication with one main cylinder and a common in-
phase piston motion provided for the two to establish a
total output which equals that of another main cylinder
so that dynamic balance obtains, assuming fluids of equiv-
alent characteristics are being pumped. A preferred em-
bodiment of the invention from which the several advan-
tages and features can be perceived is described below
having reference to the drawing in which:

Figure 1 is a view in vertical section of the pump taken
on the line -1 of Figure 2 looking in the direction of
the arrows; and

Figure 2 is a horizontal section taken on the stepped
line 2—2 of Figure 1 looking in the direction of the ar-
rows, with the details of the second and third main cyl-
inders having been omitted for the purpose of simplicity
and clarity.

Referring to the drawings the invention is illustrated as
embodied in a pump having a casing 1 in which a crank
shaft 2 is journalled as by ball bearings 3 and 4. The
crank shaft is driven through stepdown gears § and 6
by an input shaft 7, which can also be mounted in ball
bearings 8 and 9, and which can be arranged to be driven
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by suitable motive means such as by an electric motor,
not shown. The casing 1 is provided with three guides
10 for cross-head assemblies 11, each of which is con-
nected to the crank shaft 2 by a connecting rod 12. The
casing 1 is also provided with the usual oil level gauge
13, drain plug 14, and a cover 15 having a cap 16 for
lubricating purposes.

A cylinder block 17, formed with three main cylinders
18 of equal bore in register with the corresponding guides
19, is boited to the casing 1 with three intermediate lo-
cating rings 19 disposed therebetween. Each of the cyl-
inders 18 receives a piston 20 connected as by a bolt 21 to
a piston rod 22 which can form part of the cross-head
assembly 11, FEach cylinder has a poppet type inlet valve
23 and an outlet valve 24. Seats 254 and 26z for these
valves are arranged in two separate blocks 25 and 26
which are clamped to the cylinder block 17 at the loca-
tion of the pump chamber 27 by valve blocks 28 and 29
bolted to the cylinder block 17. The valve block 28
houses the inlet valve 23 and the valve block 29 houses
the outlet valve 24. The valves 23 and 24 are normally
forced against their seats by compression springs 23« and
24a. The inlet valve of each cylinder is in communica-
tion with a manifold 30 and the outlet valve with a duct
31 which can be formed in the valve block 29.

The back-wall of one of the pump chambers 27 is
provided with an aperture 32 in which a cylinder block
33, formed with a cylinder 334, is mounted so that the
cylinder 33a is in register with the corresponding cylin- -
der 18. The cylinder 334 has a smaller bore than cylin-
der 18 and is provided with a piston 34 coupled in tandem
with the piston 20 by a rod 35 which is integral with the
bolt 21. A block 36 formed with a pump chamber 37
is fitted over the end of the cylinder 33aq, a gasket 38
providing a seal between the blocks 33 and 36.

To hold the blocks 33 and 36 tightly in place and at
the same time facilitate dismantling for cleaning, replace-
ment or substitution, locking means in the form of a
bolt 39 is provided. The bolt is screwed into a frame
member 48, which can be carried by the casing 1 to bear
against the outer surface of the block 36.

The cylinder 334 is furnished with an inlet valve 41
and an outlet valve 42 which seat respectively, under the
influence of compression springs 414 and 424, on seats
43a and 444 formed in blocks 43 and 44. The blocks
43 and 44 are clamped between the block 36 and valve
blocks 45 and 46, respectively, the latter being bolted to
block 36 by the bolts 47. The cavitics 454 and 46a in
the valve blocks 45 and 46, respectively, are connected
to inlet and outlet conduits, not shown.

For accurate adjustment of the output of cylinder 33q,
its pump chamber 37 is provided with an adjusting de-
vice 48 comprising a guide 49 screwed into the block 36.
The guide is in open communication with the chamber
37 by means of an aperture 50 in that chamber. A free
piston 51 is movable in the guide 49, with the stroke
limited at one extremity by the block 36 and at the other
by an adjustable stop 52 screwed into the guide 49. A
lock-nut 53 is provided for fixing the position of the stop
52.  The piston 51 is forced against the block 36 by
means of a compression spring 54 situated between the
piston and the stop 52.

It will be observed that the tandem pistons 20 and 34
have sides working in the same chamber 27 so that the
output supply pumped into the duct 31 is equal to the
difference between the displacements of the tandem pis-
tons. The pumping action of the piston 34 in the cham-
ber 37 is not affected.

The operation of the apparatus is as follows:

Assuming that the pump is intended to deliver a mix-
ture of two liquids, for example oil and water, in a pro-
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portion of 5:1, the three cylinders 18 will be used to sup-
ply the ocil-phase and the single cylinder 33a to supply
the water-phase. In that case the diameter of the bore
of cylinder 33a is equal to ¥%v/2XD, where D is the
diameter of the bores of cylinders 18. This is derived
by subtracting from the output of the tandem piston
26, the displacement of the piston 34. As the total out-
put supply (including two different fluids) of cylinders
33q and 18, which are coupled in tandem, is always equal
to the supply of each of the other cylinders 18, which are
not coupled in tandem to water-phase cylinders, it will
be evident that by variation of the diameter of the bore
of cylinder 33a any desired proportion between the oil
and water delivered can be obtained without affecting the
balance of the pump. For example, if a ratio of 8:1 is
required the diameter of the bore of cylinder 33a will
equal 153 XD.

However, in order to take into account variations of
the volumetric weight of the liquids, the adjusting device
48 is provided. The strength of the spring 54 is such
that the piston 51 is moved against stop 52 before the
pressure buiit up in the chamber 37 is sufficient to open
valve 42. The liquid delivered from cylinder 33a is
consequently reduced by the volume displaced by the pis-
ton 5%. The diameter of the bore of cylinder 33a is
calculated so that this cylinder 33a supplies the correct
quantity if stop 52 is situated in its middle position.

It will be evident that the spring 54 must fulfill two
conditions. Firstly, it must yield at a pressure in the
pump chamber 37 lower than the ultimate pressure in
that chamber during the delivery stroke of piston 34 and,
secondly, it must bring the piston 51 again into contact
with the block 36 before the minimum pressure in the
pump chamber 37 is reached during the suction stroke
of piston 34.

Although a preferred embodiment of the invention has
been illustrated and described herein, it is to be under-
stood that the invention is not limited thereby, but is sus-
ceptible of changes in form and detail. Thus more than
one secondary cylinder assembly can be provided in com-
munication with other main cylinders and a common
in-phase drive provided for their respective pistons. The
invention should not, therefore, be regarded as limited
save as defined in the followmg claims.

I claim:

1. A proportxomqg pump for providing at least two
different substances in preestabllshed portions compris-
inga plurauty of first cylinders each having a valve cham-
ber, pistons in the cylinders and common drive means to
reciprocate the pistons, at least one secondary cyllnder
having a secondary valve. chamber and a piston in the
cylmder means placmv the secondary cylinder on one
side of its piston in communication with the valve cham-
ber of one of said first cylinders, and means to recipro-
cate the secondary piston in phase with the piston of
one of the first cylinders.

2. A proportlonmg pump for providing at least two
substances in preestablished portions comprising a plu-
rahty of first cylinders each having a valve chamber, pis-
tons in the cylinders and common drive means to recipro-
cate the pistons, at least one secondary cylinder, a piston
in the secondary cylinder, means placing the secondary
cylinder on one side of its piston in communication with
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the valve chamber of one of said first cylinders, a valve
chamber for the secondary cylinder on the other side of
its piston, and means to reciprocate the secondary piston
in phase with the piston of the said one first cylinder, said
secondary cylinder being smaller than the first cylinder.

3. A proportioning pump for delivering at least two
substances in preestablished portions comprising wall
means defining a plurality of first cylinders, pistons in

the first cylinders, valve chambers in communication with
the first cyhnders a common crank shaft, and operative
driving connections between the crank shaft and the re-
spective pistons, wall means defining at least one sec-
ondary cylinder substantially in alignment with one of
said first cylinders, a pisten in the secondary cylinder, said
secondary cylinder on one side of its piston being in di-
rect communication with the valve chamber of said one
first cylinder, a secondary valve chamber on the other end
of the piston of the secondary cylinder, and connecting
means between the piston of said one first cylinder and
the piston of the secondary cylinder whereby the two are
driven in phase.

4. Apparatus as set forth in claim 3, including adjust-
ing means comprising an auxiliary chamber in communi-
cation with the secondary valve chamber, and a spring-
loaded piston in the auxiliary chamber movable in re-
sponse to pressure changes in the secondary chamber.

5. Apparatus according to claim 4, including adjusting
means for the piston in the auxiliary cylinder comprising
a threaded member axially movable in the cylinder and
spring means between the adjusting member and the pis-
ton.

6. A propottioning pump as set forth in claim 3 in-
cluding a detachable block containing the secondary cyl-
inder, a detachable block containing the secondary valve
chamber, aligned openings between the blocks and be-
tween the secondary cylinder block and the wall means
defining said one first cylinder, and releasable clamping
mean for holding the blocks and wall means together.

7. A proportioning pump as set forth in claim 3, said
first cylinders being of equal diameter, the piston in the
secondary cylinder being connected in tandem to that
of said one first cylinder so that the two move in unison
to carry out their delivery strokes simultaneously and
their suction strokes simultaneouslty, said operative driv-
ing connections between the crank shaft and the respec-
tive pistons comprising a plurality of cranks, one for each
of said first cylinders, and said second cylinder being of
a diameter smaller than said first cylinders.

8. A proporiioning pump as set forth in claim 7, said
one first cylinder and said secondary cylinder being in
axial alignment and said connecting means connecting
the piston of said one first cylinder and the piston of the
secondary cylinder comprising a connecting rod in align-
ment with the paths of travel of said pistons.
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