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ABSTRACT

A fluid circulation system having a primary flow circuit
for supplying fluid under pressure to an operating unit
for performing a desired control function and a second
ary flow circuit operative under regulated pressure
conditions of said primary flow circuit for effecting a
regulated control of the fluid being circulated in said
secondary flow circuit. The pressure and rate of flow of
fluid in the secondary flow circuit is a function of the
pressure and rate of flow of fluid in the primary circuit.
6 Claims, 3 Drawing Figures

7 A/her and Aeservoir

Z2X214414214
ZZZZ 2212,
-

97. 2

7

25 ANA

Jo

Operating

q

An if

A2

Aron Aeservoir

Patented Aug. 21, 1973

3,753,627

S

SS

SS

(S

AZMAAPA, WAAD

Patented Aug. 21, 1973

3,753,627

A//W7OAp

AZMAA A. Waad

3,753,627

1.
PUMP BYPASS LIQUID CONTROL
This application is a continuation-in-part of my co
pending application Ser. No. 836,312, filed June 25,

2
Other provisions of this invention will become more
apparent when taken in conjunction with the following
detailed description and accompanying drawings

1969 now abandoned.

wherein:

BACKGROUND OF INVENTION

A method of fluid control of various types of operat
ing units is presently accomplished by utilization of
fluid circulation systems wherein high pressure rotary
fluid pumps deliver fluid under pressure from a reser
voir means to the operating unit and thence return to
the reservoir, said operating unit thereby performing a
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desired control function in accordance with the rate of

flow and degree of pressure of said fluid provided by
the fluid pump. In such fluid circulation systems in ad
dition to the primary control function provided by the
circulating fluid under pressure, the fluid is also utilized
to operate ancillary apparatus and serve as a lubricant
and coolant for both the pump and said ancillary appa

15

FIG. 1 is a sectionalized view of the pump shown in
a high discharge opening condition;
FIG. 2 is a sectionalized view of the pumps shown in
a low discharge operating condition; and
FIG. 3 is a fluid circuit diagram showing the pump
and associated elements as employed to control a fluid
operating unit.
DESCRIPTION FIG. 1, FIG. 2
Referring to FIG. 1 and similarly FIG. 2 there is
shown a fluid pump device 10 having a casing 12 en
closing a rotary barrel type pump 14 and hereinafter

described passageways and valve means comprising the
novel fluid control apparatus. The pump 14 is opera
tively rotated by a shaft 16 driven by any suitable motor
means 18. The pump 14 includes a barrel 20 having a

ratus. The pump normally utilized in such systems is of 20
the type which operates at a constant or variable speed plurality of bores 22 spaced therein in normally parallel
at a controlled discharge pressure, and with a variable relation with the axis 24 of the barrel 20. Each bore 22
discharge rate.
has a piston 26 slidably positioned therein and operable
Cooling and lubrication of a typical pump is accom with a reciprocating action therein responsive to rota
plished by circulation of the fluid being pumped. At full 25 tion of the barrel 20. The reciprocating action of said
displacement there is a very generous supply of coolant pistons is effected by having one end of each piston se
flowing through the unit. At zero discharge flow, how cured to a swash plate 28 in a non-rotating yoke 30
ever, the passage of coolant is limited to leakage flow which is positioned at variable angles of inclination
which accumulates in the pump case area. Although with respect to the barrel axis 24 in a manner to
this flow is normally adequate for cooling and lubricat 30 thereby cause the reciprocating movement of the pis
ing the pump, it is not sufficient to provide for cooling ton 26 within the bores 22 as the barrel 20 rotates. The
of ancillaries, such as an electric motor used to drive length of stroke of the pistons 26 and consequently the
the pump. In addition, the pressure at which this leak rate of fluid discharge from the bores 22 is determined
age flow can be returned to the reservoir is limited to by the degree of the angle at which the yoke 30 is in
the pressure capability of the pump case housing and 35 clined, which in turn is determined by the positioning
the pump shaft seal. As a result, this leakage flow (com of a yoke flange 32 between a spring 34 and valve stem
monly called "case flow") is usually restricted to a very 36 as explained herein. The smaller the degree of angle
low pressure and, therefore, cannot be combined with of inclination of the yoke 30 with respect to the axis 24
the normal system high pressure return flow from the the greater the degree of rate of discharge of fluid being
40
operating unit to the reservoir.
pumped by the pistons 26 and similarly as the angle of
inclination of the yoke 30 versus the axis 24 increases
SUMMARY OF THE INVENTION
the rate of discharge of fluid by the pistons 26 is de
It is an object of the present invention to provide a creased. Movement of the valve stem 36 to the right
new and novel fluid control apparatus of the type sup 45 (explained hereinafter) may cause the axis of yoke to
plying fluid under pressure from a reservoir to an oper pivot to approach a 90° angle of inclination with the
ating unit wherein the control fluid is utilized to control axis 24 of the barrel 20 (FIG. 2). If a large angle of in
ancillary equipment in the circulation system. A bypass clination is maintained, it is of slightly lesser degree
communication means is provided in a pump means than 90 as limited by a suitable stop means and the
and includes a valve means in a passage whereby the spring 34 such that the pumping action of the pump 14
valve means may be variably positioned to selectively 50 is maintained to provide a constant circulation of fluid
establish communication from a discharge passage of in a manner described hereinafter.
the pump means to a reservoir in a manner to maintain
Included in the pump casing 12 is an intake passage
circulation of the fluid within the pump and ancillaries 38 leading from an intake pipe 40 to the face of barrel
while the requirements of the operating unit are 20 which is positioned abutting the casing wall 42 in a
changed. Relief valve means may be provided in associ 55 manner such that the bores 22 sequentially come into
ation with said bypass communication to further pro alignment with the intake passage 38 to receive fluid
vide a lubricating and cooling means should said bypass therein on the intake stroke of the pistons 26. A dis
communication become ineffective because of exces
charge passage 44 similarly leads from the casing wall
sive pressure therein for any reason such as clogging of 60 42 at a position where it will come into alignment with
filters therein.
the bores 22 sequentially to receive fluid under pres
Another object of the invention is to provide means sure discharged from the bores 22 on the compression
for eliminating branch circuitry such as filter bypass stroke of the pistons 26 to thereby supply fluid under
circuitry when not required.
pressure to the discharge pipe 46 and thence to an op
Still another object of the invention is to provide ade 65 erating unit (labeled as such in FIG. 3).
quate cooling and lubricating fluid flow to ancillary
A spool valve 50 is slidably positioned in a bore 52
equipment during periods of low discharge rate of flow within
the pump casing 12 in a manner such that the
from the pump.
right hand extremity or valve stem 36 abuts the yoke
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flange 32 in opposition to biasing forces of spring 34.
The spring 34 tends to maintain the yoke flange 32 in

4.
can be applied to FIG.2 and also FIG. 3 where applica

constant engagement with the valve stem 36 and biased

Referring to FIG. 3 there is shown a fluid circuit dia
gram including the fluid pump device 10 driven by the
motor 18 for drawing fluid from a reservoir 126 via a
pipe 44 to the pump device 16 wherein said fluid is
pressurized and delivered via a pipe 46 to any desired
operating unit 128 to perform a desired function and is
returned via a main filter pipe 130 including a large
main filter 32 and thence to the reservoir i26. A regu
lating valve 34 is provided in the pipe 46 to regulate
the flow of fluid therethrough as desired. In the event
of reduced rate of flow in the pipe 46 a bypass filter cir
cuit is provided from the pump device 10, said circuit
including pipe 66, and a pipe 136 to the reservoir 126.
Said bypass filter circuit includes a cut-off valve 138
and a relatively small filter 140 in the pipe 136.
An alternate and preferred by-pass circuit is incorpo
rated in FIG. 3 by closing of valve 138 wherein the by
pass flow from pump device 10 is directed from pipe 66
via pipe 142 and open cut-off valve 144 into pipe 130
thus eliminating the need for separate filter 140.
The flow path of the various pipes in the diagrams of
FIG. 3 is indicated by arrows at various positions along

ble.

in a leftward direction as viewed in the drawings. The
left hand extremity or valve stem 54 of the spool valve
50 is of suitable diameter shown herein as a reduced di

ameter for guide means, and slidably extends through
a chamber 55 into a bore S6 which in turn is connected

by a passage 58 to the discharge passage 44. Intermedi
ate the extremities of the spool valve 50 is an annular

10

groove 60 which is in constant communication with a

bypass passage 62 connected to the discharge passage
44. When spool valve 50 is positioned in its right hand
position (F.G. 2), the annular groove 60 establishes
communication between bypass passage 62 and return
passage 64 leading to a return pipe 66. Such urging may

5

be effected by fluid pressure means in chamber 55 or

by a manual or other control shown at 67 as having
schematic connection with the plunger extension 54.
A normally seated relief valve 68 may be provided to
limit pressure in bypass passage 64. This valve is biased
toward its seat 70 by a spring 72 and is positioned in the
pump casing 2 such that when unseated or open, com
munication is established between the return passage
64 and a yoke housing chamber 74 in the pump casing
12 by way of a passage 76, a spring chamber 78 and a
passage 80. The chamber 74 is provided with a return
drain passage 82 leading to the intake passage 38 for
recycling the fluid in the chamber 74.
A compensating device 84 is provided within a bore

25

the pressure of fluid discharge from the pump 14. The
compensator device 84 comprises spool valve 88 hav
ing an annular groove 90 located between opposite pis
ton ends thereof. The upper piston end 92 is subject to
the fluid discharge pressure from passage 44 and cham

35 function and thence returned to the reservoir 126. The

20

means may be included under the definition of pipes.
OPERATION

30

86 in the pump casing 12 to control the upper limit of

ber 96 acting on the piston face 98 to tend to move the
spool valve 88 downward. The lower piston end 100 is
subject to the fluid intake pressure from the intake pas

sage 38, passage 102, passage 104 and chamber 106
acting on the piston face 08 in cooperation with bias
ing forces of a spring 110 to tend to move the spool
valve upward to a normal position shown in FIG. I. The
spring 110 is positioned between the piston face 108
and a bore 2 by an adjustable cap screw 14 in a
manner that the spring biasing force acting on the pis
ton face 108 can be pre-regulated.
According to the positioning of the spool valve 88
(explained hereinafter) two fluid pressure communica
tions may be selectively established: a first communica
tion shown in F.G.

includes chamber 55 in the bore

52 adjacent the face of the spool valve 50, a passage
16 to a control opening below the lower face 118 of
the upper piston end 92, the annular groove 90, a pas
sage 120, and passage 102 to the intake passage 38
such that the pressure throughout said communication
is maintained at the low level of intake fluid pressure.

A second communication shown in FIG. 2 includes the

aforementioned chamber 55, passage 116 to a control
opening above the upper face 98 of the upper piston
end 92 and passage 22 to the discharge passage 44
such that the pressure throughout said communication
when established is at the level of pump discharge fluid
pressure when such pressure is high.
For simplicity of description it should be understood
that all reference numerals applied to FIG. 1 similarly

the pipes. It should be noted that the terminology
"pipes' is utilized, wherein, "tubing' or similar conduit

Under normal operating conditions the pump 14 of
the pump device 10 is rotated by the motor 18 such
that low pressure fluid is circulated from the reservoir
126 through the pump i4, and delivered as fluid under

pressure to the operating unit 128 to perform a control

40
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SO

reciprocating action of the pistons 26 within pump 14
causes the low pressure fluid to be drawn from the in
take passage 38 into the bores 22 and pumped out at
the discharge passage 44 as each bore passes said pas
sages 38 and 44. The pistons 26 and bores 22 are manu
factured with tolerances therebetween that during the
reciprocating action of the piston 26 permits the leak
age flow or a limited access flow of fluid between the
walls of the bores 22 and the pistons 26 into a fluid
filled yoke housing chamber 74 such that the fluid in
said chamber is being circulated from said chamber 74

via drain passage 82 to the low pressure intake passage
38 and thence either out the discharge 44 or recircu
lated through the limited access flow between the pis
ton 26 and bores 22 back to the yoke chamber 74. This
circulation of leakage flow in addition to normal circu

lation of incoming fluid from the low pressure reservoir
to the operating unit serves for both cooling and lubri.
cating purposes for the moving parts of the pump and

associated ancillaries as long as there is a relatively
large amount of discharge of fluid from the pump.
When the fluid pressure requirements of the operating
unit 128 have been attained, or should the regulating
60 valve 134 be operated to a reduced flow condition
while the pump is still running at its operating rate of
speed, the pressure to the operating unit 128 and in the
discharge passage 44 continues to increase slightly
while the rate of flow therethrough decreases. Under
65 these conditions, the cooling and lubricating of the
pump 14 and associated ancillaries becomes critical
due to the reduced discharge rate effecting reduced re
circulation of fluid. Also when the fluid pressure re
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quirements of the operating unit 128 have been at
tained, it is very often desirable to operate the associ
ated ancillaries such as driving motors, flowmeter or
auxiliary operating units.
In the present invention there is provided by-pass
flow control for supplying fluid under pressure to a sep

arate flow circuit for operating, lubricating or cooling

6
proper operation of the cut-off valves 138 and 144. If
for any reason during operation, one or both of these
circuits become ineffective by filter clogging or unde
sired valve closing, the resultant pressure build-up in
return pipe 66 and return passage 64 would automati
cally open the relief valve 68 to permit continued fluid
circulation through the pump 14. It should be noted
herein that if so desired the bypass filter circuit of pipe
136 may be completely eliminated to prevent difficul
10 ties resultant from the use of filter 40.
Although the flow control shown herein is shown and
described as functioning with rotary barrel type pumps,
it may readily be adapted with fluid circulation of other
type pumps, without inventive modification.

associated ancillary equipment. The control of fluid
under pressure to this may be effected by manual oper
ation of the aforementioned control device 67 to repo
sition the spool valve 50, or such repositioning can be
accomplished automatically as now explained. When
the discharge flow through pipe 46 is reduced by the
decreasing demands of operating unit 28, the flow of
It should be noted herein that all directional referen
fluid through bypass 66 is automatically increased. As 15 ces made herein such as "leftward", "left hand', 'up
the flow through pipe 46 is decreased, the pressure in ward', etcetera, have been made relative to the present
passage 44 is increased. This increase in pressure is drawings associated herewith and should not be con
shown to be utilized to move spool valve 50 to the right strued as limiting requirements in actual applications.
in opposition to the biasing force of spring 34 to un
Summarizing, there is disclosed herein a "Pump By
cover return passage 64. Movement of spool valve 50 20 pass Liquid Flow Control" wherein a pump operating
is affected by the build-up of pressure in discharge pas with a high discharge flow rate may function with low
sage 44 acting on the face of valve stem 54 in addition or zero bypass flow rate, yet at low discharge flow rate
to the action of compensating device 84 as now ex will modify its bypass flow rate in inverse relationship
in discharge flow rate. In addition, the
plained. Increase in pressure in the discharge passage to the reduction
availability at the bypass discharge may be any
44 and discharge pipe 46 transmitted via passage 122 25 pressure
value from zero to full system pressure.
to chamber 96, acts on the piston face 98 of the spool required
What is claimed is:
valve 88 in opposition to the biasing force of the spring
1. A pump assembly comprising: a pump casing;
110 to thereby reposition the spool valve 88 downward pump
operable within said casing to pump fluid
as shown in FIG. 2. The spool valve 88 in its down posi for flowmeans
between
and discharge sides of said pump
30
tion permits flow of the high pressure fluid from cham means; said pumpinlet
means
a movable member
ber 96 past the upper piston end 92 to passage 116 and which controls the quantityhaving
of fluid being discharged
chamber 55 formed by the bore 52 associated with therefrom; a main discharge passageway means com
spool valve 50. The high pressure fluid in chamber 55 municable with the pump means discharge; a bypass
causes the spool valve 50 to move toward its right hand discharge passageway means selectively communicable
position wherein the return passage 64 is completely 35 with said pump means discharge; movable means to se
uncovered to permit full flow of fluid under pressure lectively control flow through said bypass discharge
from the bypass passage 62 to return passage 64 and passageway means and operable to establish such by
return pipe 66 to thereby further increase the intake of pass flow when a predetermined pressure has been
low pressure fluid from the reservoir 126 through the reached in said main discharge passageway means; and
pump 14 to the bypass passage 62 and thence to return 40 said movable means additionally being operable to en
passage 64 to be supplied to ancillary equipment and gage and move said movable member to decrease the
back to reservoir 126. Simultaneously the valve stem quantity of fluid being discharged from said pump
means when said predetermined pressure has been
36 has positioned the yoke 30 to a position (shown in reached.
FIG. 2) with an angle of inclination approaching 90 de 45 2. A pump assembly as specified in claim 1 wherein
grees wherein the pump 14 is operating with a pumping said movable means maintains at least a cooling flow of
action sufficient only to maintain this increased bypass fluid
through said pump means.
fluid circulation or operate ancillary equipment.
3.
A
pump assembly as specified in claim 1 addition
The pump continues to operate under this just de ally including
another movable means operable to es
scribed condition until the operating unit 128 begins to 50 tablish communication
between a portion of the flow
function, thereby creating a demand for fluid under through said main discharge passageway means and
pressure from discharge pipe 46. As the pressure in the said first mentioned movable means when a predeter
discharge pipe 46 and discharge passage 44 is reduced, mined pressure has been reached in said main dis
the pressure in chamber 96 on top of the spool valve 88 charge passageway means.
of the compensating device 84 is simultaneously re
4. A pump assembly as specified in claim 3 wherein
duced. Reduction of pressure in chamber 96 permits 55 such portion of such flow through said main discharge
the spring 110 to restore the spool valve 88 to its upper passageway means aids said first mentioned movable
position (shown in FIG. 1) wherein the fluid under means in establishing such bypass flow.
5. A pump assembly as specified in claim 3 wherein
pressure in chamber 55 adjacent spool valve 50 is
vented via passage 116, annular groove 90 and passage 60 said first and second mentioned movable means are
into a first position and establishment of
120 to the intake passage 38. With reduction of pres springabiased
bypass flow requires overcoming such spring
sure in chamber 55, the spring 34 acts on the yoke such
the portion of the flow through said main dis
flange 32 to tend to restore the yoke 30 and the spool bias by passageway
means.
valve 50 to the position shown in FIG. 1 with normal charge
6. A pump assembly as specified in claim 1 wherein
pumping operation defined.
movable means is spring biased into a first position
As described, the flow of fluid from return pipe 66 65 said
and
establishment
of such a bypass flow requires over
may be directed to either the bypass filter circuit of coming such a spring
bias.
pipe 136 or the bypass circuit of pipe 142 as desired by
as
:
3.

