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18 Claims,
'I'his invention relates to a compound positive

‘ _ displacement pump circuit.

It has ‘particularly to do with a pump circuit
having two or more- positive dlsplacement pumps

¢ in serles to produce high pressures.

There. have been numerous attempts to ‘con-

nect two or more positive dlsplacement pumps in
serles ‘to tncrease ‘operating ‘- pressure but they

" “have: proved: unsuccessful becailse no means or
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‘16

 which will ‘allow two or more pumps to ‘operate

“20

method could be devised which would prevent one
pump taking the whole pressure..-

The object of.the present mvention is to: pro-
vide a variable pressure pumping system for posi-
tive displacement pumps which will allow two or
more of such-pumps to be connected inserieswhen
high pressure exists in. the ‘system;, sald pumps
each bearing a proportionate share of the load.
A further object is to provide a pumping system

at their ‘highest eficiency - points ‘to provide a
pressure . greater than either is- cape.ble ot effi-

" ciently obtaining.-.
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A still further object is to provide a compound
pump system having a relief valve which nor-
mally  handles - the  combined high pressure .of
both pumps; when operating in series, but which
will' also relleve the pressure output line at the
‘proper relief pressure of a 'single pump if one
of the pumps fails to operate-in series for ‘one
‘reason or another,

Briefly, the invention consists of & pump. circuit
which Includes two or more positive displacement
pumps, suitable valves and conduits which per-
mit (assuming two pumps) both pumps to de-
‘liver the sum of their two volumes into a common
line or conduit until the pressure reaches a cer-

. taln: predetermined point, at which point & valve
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is automatically operated to cause one pump to
deliver its- volume into the intake of the other
pump, both pumps thereafter working in series
to deliver the sum of the pressures.of the two
pumps with ‘the volume of the last pump in the
series. The increase -in pressure in:the system
can- be handled  with substantially the same
horsepower as is' necessary for low pressure de-
livery.  Illustrations of the invention utilizing

“two and three pumps are disclosed in the accom-~

panying drawings‘and: the following ‘description.
The pumps are said to be in'series when the out-
put of one is directed into the inlet of another
and so on, the first and last in the series being
respectively connected to the liquid supply source
and the main pressure line. ‘

In the drawings: .

Fig. 1 shows the relationship of the ta.nk

s

(Cl. 103--11)

pumps, and motor of the compound pumping cir-
cuit, and shows the valves in said circuit in
cross-section.

Fig. 2 {llustrates the circuit with three pumps
arranged to operate in parallel and in series; 5

‘With reference to Fig. 1 of the drawings, a mo-

“tor 1 drives positive displacement pumps 2 and 3,
said pumps being connected to a tank 4 filled
with 'oil or other suitable liquid by conduits §
and 8, respectively. Pump 2 a lower stage pump 10
is designed to have a slightly larger volume out-
put or capacity than pump 3. An outlet conduit

1 from an upper stage pump 3 leads to a pressure
utilizing means (not shown), as for instance a
‘machine tool, through a relief valve 8 and a con- 15
duit ‘9. - The operating principles of the relief
valve 8 are explained in my Patent #2,043,453.
Condult 9a serves as a return from the pressure -
utilizing means to the tank.

The outlet of pump 2 is connected to the con- ¢
duit 1 through a conduit 10, a bypass valve 11,
an elbow 12, a check valve {3, and a pressure con-
duit 18, Pressure conduit (4 and the housing of
‘the bypass valve i1 are also connected by a con-
duit 15 which leads, through passageways [ba 25
and 18b, to opposite sides of a piston 16 in the
valve i1, sald piston being backed by a light
spring IBa Tt will be seen that, since both sides
of the piston {6 are exposed to the main pressure
line 1, the effective working pressure area is equal 30
to the difference in working pressure areas of the
two sides. - This permits the use of the relatively
light spring 16a.

Between an inlet conduit 17 of pump 38 and the
relief valve {1 is a conduit 18, which is open to 35
the pressure outlet 10 of pump 2 when the piston '
valve 18 opens a port 19, The elbow 12 in the
pressure outlet of pump 2 is connected to the re-
lief valye 8 by a conduit 20. The relief valve 8
consists of valve housing 21 which contains a 49
valve seat 22 and a piston valve 23 which is
formed integrally with a piston 23a. One side of
the piston 23a is directly exposed to the pressure
outlet of pumps 2 and 3 in conduit T while the -
other side is open to the liquid pressure in said 45
conduit T through a small passageway 24 in the
valve housing 21. - The chamber behind the valve
piston 23a contains g light spring 26 which tends
to close the valve 28, and sald chamber is also
open to the conduit 20 except for a spring oper- 50
ated valve 26. . ' .

A valve assembly 21 with a slidable piston 30
is located near the entrance to the pump 3 and
is ‘open on one side through a conduit 28 to the
pressure outlet conduit 7 and on the other side 55
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to conduit 18 and pump inlet 1. Between the
tank conduit 6 and the valve 21, is a bypass con-
duit 28 which is open to conduits 17 and {8 when
the slidable piston 30 is moved to the left from
its position in the drawings. A check valve 31 is
located in the line 8 between the tank 4 and the
inlet 17. ‘

The liquid in the system is preferably oil, and
will hereafter be referred to as oil. By design,
pump 2 has a slightly larger capacity than pump 3.

In the operation: Assuming for purposes of il-
lustration that a high pressure of 1500 pounds
is required by a machine tool in the pump circuit,
the. bypass valve 1l will be set for 750 pounds.
The pumps 2 and 3 each have g maximum capacity
of around 1500 pounds though neither is expected
to carry that load. When the motor | is started
the pumps 2 and 3 will deliver a large volume of
oil into the pressure line 9, the pump 3 discharg-
ing through conduit 7, and the pump 2 discharging
past the bypass valve (1 and the check valve 13
through the conduit 14 to conduit 7.

If for any reason there occurs a restriction in
the pressure line 9 or if the machine tool requires
2 higher pressure so that the oil pressure in the
system rises to 750 pounds, the bypass valve 16
will be moved to the Icft against the spring {6a
due to the differential action of pressure on the
piston (6. This will open the port (9 and bypass
the discharge of the pump-2 to conduit 18 and in
turn to the inlet {1 of the pump 3. Pump 3 was
previously pulling oil from tank 4, the valve 30
being closed, However, after the opening of the
valve Il the pump 8 will receive its supply from
the conduit 18 and, since the pump 2 has a slightly
larger capacity than the pump 3, the check valve
31 will be closed and the valve 30 may open slight-
ly to allow the surplus oil to return through con-
duits 29 and 6 to the tank., The valve piston 38
is so constructed that the working pressure area
exposed to the conduit 28 has a definite relation-
ship to the working pressure area exposed to the
inlet of pump 3. Assuming, for example, that
this relationship is one to two, the pressure be-
hind the pump 3 will be one-half the pressure in
1 and 9.  With this relationship
it will be seen that the pump 2 will be bearing &
definite proportion of the main pbressure. For in-
stance, if the pressure in the main line is 1500
pounds the load on the pump 3 will be 750 pounds,
and the load on the pump 2 will also be 750 pounds.

As long as the pressure in the main line is over
750 pounds, which is the opening point of the
valve {1, pump 2 will bear one-half of the pressure,
If the pressure drops to 750 bounds, then the
bumps will cease to operate in series and pump 2
will discharge directly into the main line. The
check valve 13 prevents the backing up of the

- ain line pressure after the valve {1 has opened.
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The discharge capacity of the pumps when oper-
ating in series will equal the capacity of the Ilast
pump in the series. ]
The relief valve 8 is a
bypass valve. The valve is set for 750 pounds,
but under normajl conditions, when the pumps are
working in series at 1500 pounds, the spring oper~
ated valve 26 is backed by 750 bounds liquid pres-
sure in conduit 20, so that the valve 8 really has
the effect of 1500 pounds, If, however, the pumps
failed to work in series, then the pressure on the
upper stage pump 3 might rise to over 1500 pounds
and cause a failure of the pump. Under these
conditions, however, if the lower stage pump 2 has
failed, the valve 26 will no longer be backed by

the pressure therefrom and the valve 8 will open

combination relief and”

2,218,565

at 750 pounds to allow the oil to bypass through
port 22 to the tank, If pump 3 alone fails, dis-
charge of pump 2 will be through valve 30 to the
tank.

As previously indicated, more than two pumps
can be introduced into this circuit in such manner
that each will bear a proportionate share of the
line pressure after a certain. point, It is prefer-
able, of course, that each pump in the series have
a slightly larger capacity than the one next ad-
jacent it on the work side of the series so that
the last pump in the series opening into the
pressure lines has the smallest volume capacity.
This compound circuit allows all the pumps to
operate at a pressure within their highest effi-
ciency ranges, even though the maximum pressure
in the system is such that none of the pumps
could economically carry it alone. 'The term
‘“positive displacement pump” is used in the
specification to designate what is generally known
as a constant displacement pump, this type of
bump being most suitable for the circuits herein
described. ‘

Referring to Fig. 2, a circuit is shown with three
positive displacement pumps which are also
adapted to operate in parallel up to a certain
pressure and to operate in series for pressures
above a certain minimum. Like reference numer-
als indicate like parts in Figs. 1 and 2. In Fig. 2,
an additional pump is indicated as.32 so that
when the pumps are in series the low stage pumps
will be 32 and 2 and the upper stage pump will
be 3. A differential proportioning valve 27a is
provided for pump 2 while the proportioning valve
21 operates in conjunctfon with pump 3. The by-
pass valve If serves as before to direct pressure
from the pump 2 to the inlet of pump 3 and a
similar bypass valve 1 la serves to direct the out~
let pressure from pump 32 to the inlet of pump
2. The relief valve 8 is the same as that shown
in Fig. 1 except that the control element 26 is
now adapted to be backed by the combined pres-
sures of pumps 32 and 2 when such are operating
in series. An additional relief valve 8a serves
specifically for pump 2,
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In the operation of the circuit shown in Fig. 2, -

assuming for purposes of illustration that a pres-
sure of 1500 pounds is required by a machine tool
in the pump ecircuit, each of the bypass valves
i1 and 1ta will be set for 500 pounds. Pumps
32, 2 and 3, each have a capacity of around 1500
bounds but no single pump is expected to carry
that load when the most efficient load for each
pump is around 500 pounds. The pumps 32, 2 and
3 have different volume capacities, these capacities
being slightly decreasing in the order named.
When the pump motors 1, la and Ib are started,
the pumps 32, 2 and 3 acting in parallel will

. deliver a large volume of oil into the Pressure

line 9. If for any reason there occurs a restriction
in the pressure line 8 or if the machine tool re-
quires a higher pressure so that the.oil pressure

"in the system rises above 500 pounds, the bypass

valves lla and {1 will be opened in the order
named so that the discharge of pump 32 will be di-
rected to the inlet of pump 2 through conduit 18
and the discharge of pump 2 will be directed to
the inlet of pump 8 through conduit {8a. The dif-
ferential areas of valve pistors 30 and 30a and
valves 27 and 27a are so proportioned that each
of the pumps will bear one-third of the total pres-
sure in the line 9. For example, assuming that
the pressure in line 9 is 1500 pounds, the pressure
at the discharge of pump 2 and the inlet of pump

3 will be 1000 pounds, while the pressure at the 75
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discharge of pump 32 and the inlet of the pump
2 will be 500 pounds.

The relief valve 8 is a combination relief and
bypass valve as described in connection with Fig.
1, and is normally set for the pressure of pump
3 which, in the example above given, would be 500
pounds. However, when the pumps are operating
in series, the pressure from the discharge of pump
2 will be transmitted from -the conduit (8a
through conduit 20a to the control element 26 in
the relief valve 8 so that the actual effect of the
relief valve 8 will be 1500 pounds. - Relief valve 8a
is similarly arranged so that the control element
268a is backed by 500 pounds through the conduit
20b which is exposed during the series operation
to the pump 32. The effective pressure of this
valve is 1000 pounds. In practice, the spring 28§
in relief valves 8 and 8a would be set for slightly
higher than 500 pounds. to insure opening of the
valves i1 and lla prior to the opening of the
relief valves. Likewise the spring in valve (|
would be set slightly higher than the spring in
valve | lg to insure the pump 32 cutting into the
series operation before the pump 2.

If pump 32 alone should fail, the pump 2 would
draw liquid directly from the tank. Since there
would be no pressure in conduits 18b and 200,
the effective pressure of relief valve 8a would be
500 pounds; consequently, the load on pump 2
could not exceed that amount. However, the by-

. pass valve {1 would. operate as above so that at

least. 500 pounds pressure could be exerted
through the conduit 28 to the control element 26
of the relief valve 8. Effective pressure of the
relief valve 11 would then be 1000 pounds and the

load on the pump 3-cannot exceed 500 pounds.

If pump 2 alone should fail, pressure on both
sides of the piston 30a would be equal and, due
to the larger area on the right end, piston 30a
would move to the left and allow the delivery of
pump 32 to return to the tank through conduit
29a¢. Pump 3 in this case would continue to

operate but since pressure could not exist in line '

20a, relief valve 8 would open at 500 pounds. If
pump 8 alone should fail, the effect would be had
on the piston 30 and the entire discharge of
pumps 32 and 2 would pass. to. the tank through
the conduit 29,

If lower stage pumps | and 2 should fail, no
pressure could exist'in conduit 20a¢ and conse-
quently, the relief valve 8 would be effective at
500 pounds ‘to -prevent overloading of pump 3.
Failure of pumps 2 and 3 would permit pressure
over 500 pounds from pump 32 to pass to both
sides of the piston 30a through the.conduit 18b.
This would move the piston 30a to the left and by-
pass the discharge of pump 32. Similarly, in case
of failure of pumps 32 and 3, the discharge of the

" remaining pump 2 would bypass through line 29

to the tank.

What I claim is:

1, In a compound pump circuit, a plurality of
positive displacement pumps normally connected
to a maln pressure line, pressure controlled valve
means operative to connect said pumps in series at

a certain predetermined pressure in the main line,

valve means. responsive to the inlet and outlet
pressures of each of sald pumps but.the first in
series to predetermine the relative proportions of
pressure to be carried by each pump when oper-
ating in series, and relief valve means connected
to said main pressure line and normally set for
the pressure of the last pump in series and pro-
vided with a control element backed up by the

3

pressure of the remaining pumps in series when
such are operating,

2. In a compound positive displacement pump
circuit having a liquid supply source, a plurality
of positive displacement pumps normally con-
nected to a main pressure line, and adapted to
be connected in series, conduit means for coh-
necting the outlet of each pump but the last in
series to the inlet of the next succeeding pump,
pressure controlled valve means in said conduif
means operative at a certain predetermined. line
pressure to open said conduits and connect the
outlet of each of said pumps to the inlet of the
next succeedmg pump, thereby placing the liquid
supply source in series with the main pressure
liné through each of said pumps in turn, differ-
ential valve means at the inlet of each of said
pumps. but the first in series to regulate the

relative proportions of the total pressure to be

carried by each pump when operating in series,
said differential valve means comprising a bypass
conduit and a differential area piston for con-
trolling the opening of said bypass conduit, said
piston being open on one side to the inlet of a
pump and open at the other side to the outlet of
said pump, and relief valve means adapted to
open only at a maximum circuit pressure when

said pumps operate in series, and adapted to

open at a proportionately lower predetermined
pressure when any of said pumps fail to operate
in serjes. :

3.Ina compound positive displacement pump
circuit adapted to produce a total circuit pressure
greater than the pressure load on any one pump
in the circuit when said pumps are connected in

“series, upper and lower stage pumps, means for

regulating the relative proportions of the. circuit
pressure to be carried by upper and lower stage
pumps when said pumps are connected in series,
said means comprising a casing and a differential
pressure ares piston valve open on one side to the
circuit pressure and on the other side to the dis-
charge pressure of the lower stage pump, the
respective pressure areas of said piston valve
having a ratio substantially €équal to the ratio to
be maintalned between the lower. stage pump
pressure and the circuit pressure, said casing
having a bypass outlet for the lower stage pump
normally closed by said piston, and relief valve
means normally set for the pressure of the last

pump in series and provided with a control ele-:

ment backed up by the pressures of the remaimng
pumps when such are operating.

4. In a compound positive displacement pump
circuit adapted to have pumps in series -each
bearing a pressure load lower than the total
circuit pressure, upper and lower stage pumps
designed to have progressively decreasing volume
capacities when in a series circuit, a fluid supply
source and main fluid pressure line, means for
each of said pumps but the first in series for regu-
lating the relative proportions of pressure to be

‘carried by each pump when said pumps are con-~

nected in series, sald means comprising a casing
and a piston valve in sald casing having- dif-
ferential pressure areas, said piston valve being
open on one side to the inlet pressure and on the
other side to the. discharge pressure of each
particular pump, said casing being provided with
‘'a bypass outlet for said particular pump normally
closed bysaid piston, the respective pressure areas
of said piston valve having a ratio substantially
identical to the ratio. to be maintained between
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the inlet pressure of the particular pump and the -

outlet pressure, and relief valve means normally
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. set for the pressure of the last pump in serles and
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- provided with a control element backed up by the

pressure of the remaining pumps when such are
operating,

5. A liquid power circuit, comprising in com-
bination, a source of liquid supply, a main pres-
sure line, two continuously operating positive dis-
placement pumps normally drawing liquid from
the liquid source, passageways leading from said
pumps for conducting liquid under pressure to
said main line, bypass valves operatively con-

.nected to one of said pumps and adapted to

conduct liquid from said one pump to the inlet of
the other pump when said bypass valves are
open to place said pumps in series, a connection
between the main pressure line and said bypass
valves to allow opening of said bypass valves to
turn the discharge of each of said pumps into
the inlet of the next succeeding pump only upon
the building up of a predetermined pressure in the
main line, means for closing the liquid supply
from all but the first one of said series of pumps
when said bypass valves are open, differential
pressure means responsive to the inlet and: out-
let pressures of the last pump in series for regulat-
ing the proportions of pressure to be carried by
each pump when said bypass valves are open, and
relief valve means nermally set for the pressure
of the last pump in series and provided with a
control element backed up by the pressure of the
first pump In series, said pumps combining to
rroduce their combined volume when the main
line pressure is below said predetermined pressure,
and to produce the volume of the last pump in the
series when operating in series. .

6. A liquid power circuit, comprising in com-
bination, a source of liquid supply, a main pres-
sure line, two continuously operative positive dis-
placement pumps each normally drawing liquid
from the liquid source and having progressively
decreasing volume .capacities, passageways lead-
ing from said pumps for conducting liquid under
pressure to said main line, a bypass valve in the
outlet of the highest capacity pump adapted to
admit liquid under pressure from said pump to the
next succeeding pump when said bypass valve is
open, connections between the main pressure line
and said bypass valve to allow opening of said
bypass valve to place said pumps in series only
upon the building up of 4 predetermined pressure
in the main line, means for closing the liquid
supply from all of said pumps except the pump
first in series when said bypass valve is open,
means responsive to the inlet and of outlet pres-
sures of each pump in series for regulating the
proportions of pressure to be carried by each
pump when said bypass valves are open, and
relief valve means normally set for the pressure
of the last pump in series and provided with a
control element backed up by the pressure of the
first pump when such is operating, said pumps
combining to produce their combined volume
when the main line pressure is below said Dbre-
determined pressure, and to produce the volume
of the last pump in the series when operating in
series. 3

7. A liquid power circuit comprising, in com-
binaticn, a liquid supply, a main pressure line,
two continuously operating positive displacement
bumps, supply conduits between each of said
pumps and the liquid supply, pressure conduits
between each of said pumps and the main pres-
sure line, & one-way check valve in one of said
last named conduits, a bypass valve in said last
named conduit between said check valve and one

2,218,565

of said pumps, a by'xpass conduit connecting said
bypass valve and the supply conduit of the other
of said pumps, & one-way check valve in said last
named supply conduit between said bypass con-
duit and the liquid supply, a connection between
the main pressure line and said bypass valve
to allow opening of said bypass valve to turn the
discharge of the pump first in series with the
supply conduit of the pump second in series only
upon the building up of a predetermined pressure
in the main line, valve means responsive to the
inlet and outlet pressures of each pump for
regulating the proportion of main line pressure to
be carried by each pump when in series, and a
bressure balanced relief valve means normally
set for-the pressure of the last pump in serles and
provided with a control element backed up by
the pressure of the remaining pump when such
is operating, and adapted to open at a lower
pressure when said first named pump fails to
operate, said pumps combining to produce their

- combined volume when the main line pressure is

below said predetermined pressure, and to produce
the volume of the last pump in the series when
operating in series.

8. In a compound pump circuit, a plurality of
upper and lower stage pumps normally connected
in parallel to a main pressure line, pressure con-
trolled valve means operative to connect said
pumps in series at a certain predetermined pres-
sure in the main line, valve means responsive to
the inlet and outlet pressures of each of said
pumps but the first in series to predetermine the
relative proportions of pressure to be carried by
each pump when operating in series, and relief
valve means having a control element responsive
to pressures in the lower stage pumps when
such are operating and adapted to open only
at a maximum circuit pressure when said pumps
operate in series and to open at a lower pressure
when a lower stage pump fails to operate.

9. In a compound positive displacement pump
circuit, a plurality of positive displacement upper
and lower stage pumps connected in series, dif-
ferential area valve means responsive to pressures
in the inlet and outlet of each of said pumps but
the first in series to predetermine the relative
proportions of pressure to be carried by each
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pump when operating in series, and relief valve °

means having a control element backed by pres-
sures from said lower stage pumps and adapted
to open only at a maximum circuit pressure when
said pumps all operate in series and to open at a
lower pressure when a lower stage pump fails
to operate.

10. In a compound pump ecircuit adapted to
produce a total pressure greater than the effective
Dpressure load on any one pump in the circuit when
connected in series, a plurality of positive dis-
placement pumps, conduit means for connecting
the outlet of each pump but the last in series to
the inlet of the next succeeding pump in series, a
main conduit leading from said last pump in
series for directing fluid under pressure, means
responsive to the inlet and outlet pressures of all
but the first pump in series for regulating the
proportion of main line pressure to be carried
by each pump when in series, and a relief valve
means connected to said main conduit normally
set for the pressure of the last pump in series
and provided with a control element backed up
by the pressure of the remaining pumps in series
when such are operating,

11. In a compound pump circuit, a plurality of

positive displacement pumps normally connected.
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to & main pressure line comprising an upper stage
pump and one or more lower stage pumps, valve
means operable by ‘a predetermined pressure in
said main pressure line and adapted, when oper-
ated by said predetermined pressure, to shunt the
output of said one or more lower stage pumps to
the input of the next succeeding pump whereby
said pumps are connected in series, the upper
stage pump being the last in the series, a dif-
ferential valve means connected to the respective
outlets of each set of two adjacent pumps for regu-
lating the relative proportions of pressure to be
carried by each pump when operating in series,
said differential valve means comprising a housing
and a differential pressure area piston valve open
on one side to the outlet pressure of a specific
pump and on the other side to the outlet pressure
of an adjacent specific pump, said piston valve
normally closing a bypass outlet for said pump
inlet, and relief valve means normally set for
the pressure of the last pump ‘in series and
provided with a control element backed up by
the pressure of the remaining pumps in series
when such are operating.

12. In a compound positive displacement pump
circuit adapted to produce a total pressure greater
than the effective pressure load on any one pump
in the circuit when connected in series, a plurality
of pumps, conduit means connecting the outlet
of each pump but the last in series to the inlet
of the next succeeding pump in the series, a main
conduit leading from said last pump in series
for directing fluid under pressure, and. a relief
valve connected to said main conduit comprising
a housing, a bypass opening in said housing, and
a control element iti said housing normally block-
ing said bypass obening and normally set for the
pressure of the last pump in series and backed
up by the pressure of the remaining pumps in
series when such are operating.

13. In a compound positive displacement pump
circuit adapted to produce a total pressure greater
than the effective préessure load on any one pump
in the circuit when connected in series, a plurality
of pumps, conduit means connecting the outlet
of each pump but the last in series to the inlet
of the next succeeding pump in the series, a main
conduit leading from said last pump in series for
directing fluid under pressure, and a relief valve
means connected to said main conduit normally
set for the pressure of the last pump in series
and provided with a control element backed up
by the pressure of the remaining pumps in series
when such are operating.

14. In a compound positive displacement pump
circuit having a liquid supply source, a plurality
of positive displacement pumps normally connect-
ed to a main pressure line, and adapted to be
connected in series, conduit means for connect-
ing the outlet of each pump but the last in series
to the inlet of the next succeeding pump, pres-
sure controlied valve means in said conduit means
operative at a certain predetermined line pres-
sure to open said conduits and connect the out-
let of each of said pumps to the inlet of the
next succeeding pump, thereby placing the liquid
supply source in series with the main pressure
line through each of said pumps in turn, and
differential valve means at the inlet of each of
said pumps but the first in series to regulate the
relative proportions of the total pressure to be

5

carried by each pump when operating in series,
said differential valve means comprising a by-
pass conduit and a differenfial area piston for
controlling the opening of said bypass conduit,

said piston being open on one side to the inlet §

of a pump and open at the other side to the out-
let of said pump.

15. In a compound positive displacement pump
circuit adapted to have pumps in series, each
bearing a pressure load lower than the total cir-
cuit pressure, a plurality of pumps designed to
have progressively decreasing volume capacities
when in a series circuit, a fluid supply source and
main fluid pressure line, and means operatively
connected to adjacent pumps for regulating the
relative proportions of pressure to be carried by
each pump when sald pumps are connected in
series, said means comprising a casing and a
piston valve in said casing having differential
pressure areas, sald piston valve being open on
each side to the respective discharge pressure of
said adjacent pumps, said casing being provided
with a bypass outlet for the first in series of said
adjacent pumps normally closed by said piston,
the respective pressure areas of said piston valve
having a ratio substantially identical to the ratio
to be maintained between the outlet pressure of
the said adjacent pumps.

16. In a compound pump circuit, a plurality of
positive displacement pumps to be connected in
series, said pumps having progressively decreas-~
ing volume capacities in the series circuit, and a
pressure control valve operably located between
each two adjacent pumps in the series and ar-
ranged to control the excess volume of the first
in series of the adjacent pumps. to maintain a
definite relationship between the discharge pres-
sures of the two adjacent pumps whereby to in-
sure said pumps will always operate at maximum
efficiency. :

17. In a compound pump circuit, a plurality of
positive displacement pumps to be connected in
series, said pumps having progressively decreas-
ing volume capacities in the series circuit, and a
differential pressure control valve operably lo-
cated between each two adjacent pumps in the
series and arranged to control the excess volume
of the first in series of the adjacent pumps to
maintain a definite relationship between the dis-
charge pressures of the two adjacent pumps
whereby to insure said pumps will always operate
at maximum efficiency, said valve comprising a
differential piston and a bypass opening to be
controlled thereby, said piston being exposed on
each side to the respective discharge pressures of
said adjacent pumps whereby excess volume from
the first in series of said adjacent pumps will be
bypassed to effect the maintenance of propor-

tionate-loads on said pumps.

18. In a compound pump circuit, a plurality of
positive displacement pumps mounted on a com-
mon driving shaft and to be connected in series,
said pumps having progressively decreasing vol-
ume capacities in the series circuit, and a dif-
ferential pressure control.valve operably located
between each two adjacent pumps in the series
arranged to control the excess volume of the
first in serles of the adjacent pumps to maintaln
s definite relationship between” the discharge
pressures of the two adjacent pumps.

HARRY F. VICKERS.
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