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[57] ABSTRACT

A variable display hydraulic pump having at least one
pilot plunger, an operating plunger for adjusting the
displacement of variable control element, and a first and
a second spool for controlling travels of the plungers
towards the variable control element side so that a sin-
gle pumping element may precisely, stably carry out the
two pressure-two volume control of the pump.

14 Claims, 15 Drawing Figures
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VARIABLE DELIVERY HYDRAULIC PUMP

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

This invention relates to a variable delivery hydraulic
pump and more particularly to a variable delivery hy-
draulic pump providing a housing having a suction and
a discharge port, a variable control element, and a
pumping element exerting pumping in contact with the
variable control element so that the variable control
element may be adjusted in displacement thereof to
carry out the two pressure-two volume control of the
pump.

A conventional variable delivery pump employs one
pump to carry out two pressure-two volume control by
setting the pressures Pm; and Pc; at the low and the
high pressure lines respectively under the characteris-
tics as shown by the curves A and B in FIG. 15, where
not only the pressure Pc is hard to be set but also the
fluid discharge amount Q; corresponding thereto is
liable to change following variation of the pressure Pci,
hence, the pump has such a defect as an unstable control
from its fluctuant accuracy.

In such conventional pump, since the relief pressures
(the maximum discharge pressure) P4 and Ppg are high
and the required horse power within the range of the
above pressures Pmj and Pci is large, the pump 1s also
defective in more power loss and heat generation.

Briefly, the aforesaid two pressure-two volume con-
trol is performed under the characteristics shown by the
curves A and B, i.e., under those accessible to the con-
stant horse power characteristics, so that the discharge
amount Q) under the pressure P> at the high pressure
line is unstable to result in the aforesaid defects.

There has hitherto been suggested a pump aiming at
eliminating the aforesaid defects by use of two hydrau-
lic pumps having the characteristics as shown in the
curve C at FIG. 15. The pump of this system, however,
has the defects such that, first, the requirement of two
pumps and further an unloading pressure control valve
for setting the pressure Pm; at the high pressure line as
well, makes the pump expensive to manufacture and
disadvantageous to be restricted in a space for use due
to its wholly large-sized structure, and second, the pres-
sure Pcy set by the relief valve causes the pump to be
more defective in power loss of heat generation com-
pared with the former conventional control system.

The two pressure-two volume control system of the
invention mainly adopts the combination of low pres-
sure-large volume and high pressure-small volume con-
trol, which is described in that, for example, when an
actuator is exerted with the hydraulic pump, there are
three conditions such that rapid traverse of a tool at-
tached to the actuator under the control of the low
pressure-large volume characteristics in light load until
the tool contacts with a workpiece, slow traverse under
the control of high pressure-small volume characteris-
tics in heavy load of machining the workpiece, and
rapid return under the former control in light load when
the tool restores after its work finish.

There are other two pressure-two volume controls,
such as combination of high pressure-two volume con-
trol.
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The invention aims at providing a variable delivery
hydraulic pump controllable of the abovementioned
two pressure-two volume system by means of a single
pump, of which a main object is to provide a variable
delivery hydraulic pump capable of exerting the afore-
said two pressure-two volume control by use of a single
hydraulic pump, easy to settle each of the two pressures
and two volumes, and accurate and stable in its each
control.

Another object is to provide a variable delivery hy-
draulic pump automatically operable of the two pres-
sure-two volume control following the change of load
pressure, namely, the rapid traverse of tool under, for
example, the control of the low pressure-large volume
characteristics in light load prior to contact of the tool
with the workpiece, can be automatically changed to
the slow under that of the high pressure-small volume
characteristics in heavy load of machining the work-
piece.

Still another object is to provide a variable delivery
hydraulic pump capable of exerting the two pressure-
two volume control by means of changing a directional
control valve, which pump is changeable by operating
the directional control valve, for example, from the
high pressure-large volume to the high pressure-small
volume control characteristics.

A further object is to provide a variable delivery
hydraulic pump operable under the two pressure-two
volume control by being automatically changed follow-
ing the load pressure variation and by being changed
with the directional control valve as the abovemen-
tioned, that is, the pump of the so-called combination
control of composite type.

Still a further object is to provide a variable delivery
hydraulic pump optionally selective of the aforesaid
control systems by use of a simply interchangeable
valve block.

The invention has been designed to build up the
pump provided with at least one pilot plunger and a
control plunger, for adjusting the displacement of the
variable control element; a first and a second spool for
controlling the plungers in travels thereof towards the
variable control element side, into each one end of
which spools is introduced the fluid discharge pressure
and at each of other end is provided a push member
against a push of the spool from the discharge pressure
respectively; and at spool chambers receiving spools
therein respectively are formed control conduits which
are opened when the spools travel against the push
member’s biasing force so as to to be connected to either
the rear chamber of the pilot plunger or the back cham-
ber of the control plunger, thereby making it possible to
carry out the two pressure-two volume control.

Other objects and features of the invention will be-
come apparent from the following description of em-
bodiments with reference to the accompanying draw-
ings, in which:

FIG. 1 is a longitudinal section of a variable delivery
hydraulic pump of the combination control by system
pressure, embodying the present invention,

FIG. 2 is a graph of control characteristics of the
pump in FIG. 1,

FIG. 3 is a partially enlarged section showing the
structure adjusting strokes of a pilot plunger and a con-
trol plunger,

FIG. 4 is a longitudinal section of a modified embodi-
ment of the combination control by sysiem pressure,
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FIG. § i1s a longitudinal section of the pump of the
combination control by directional control valve,
showing another modified embodiment of the inven-
tion,

FIGS. 6 through 8 are graphs of control characteris-
tics of the pump shown in FIG. 5,

FIG. 9 is a longitudinal section of the pump of the
combination control of composite type, showing a fur-
ther modified embodiment of the invention,

FIG. 10 is a graph of control characteristics of the
pump shown in FIG. 9,

FIG. 11 is a partially sectional view of the pump of a
control block system showing still a further embodi-
ment of the invention,

i0

F1GS. 12 through 14 showing applications of each of 15

the control systems,

FI1G. 12 is a schematic illustration showing the con-
trol block applied to the combination control by system
pressure,

FIG. 13 is a schematic illustration showing the con-
trol block applied to the combination control by direc-
tional control valve,

FIG. 14 is a schematic illustration showing the same
block applied to the combination of composite type, and

FI1G. 135 is a graph showing a conventional two pres-
sure-two volume control characteristics.

Referring to the drawings, a swash plate type axial
piston hydraulic pump is shown as a typical variable
dehivery hydraulic pump in accordance with the inven-
tion. The reference A designates a housing constituting
a principal portion of the piston pump, accommodating
the pumping element to be hereinafter described.

The housing A comprises a hollow main body 1 and
a valve block 2§, at one side of which main body is fixed
a cover 2 with four mount bolts (not shown). The main
body 1 and the cover 2 are sealed with an O-ring or the
like and the former is fitted with a bearing 4 and the
latter with that 3, the bearings 3 and 4 rotatably sup-
porting a drive shaft 5§ therewith.

The drive shaft § carries a cylinder block 7 building
up the pumping element through a spline coupling
formed at substantially the intermediate portion of the
shaft, the cylinder block 7 being rotatable together with
the drive shaft § following the rotary torque therefrom.

The cylinder block 7 has a plurality of cylinders 7a
axially extending and housing therein axially movable
pistons 8 respectively. The pistons 8 have spherical
heads insertibly engaged with shoes 10 held by retainers
9 respectively, through which shoes 10 the pistons are
abutting against a swash plate serving as the variable
control element.

At the center of the cylinder block 7 is formed a bore
7o of a larger diameter than an outer diameter of the
drive shaft 5 so that an axially extending annular space
Is formed between the inner surface of the bore 7b and
the outer periphery of the drive shaft 5, the space re-
ceiving therein a spring means 15 for urging the cylin-
der block 7 towards the valve plate 14. The spring 15,
which is mounted between a seat 16 at the valve plate 14
side of the cylinder block 7 and a shoulder 17 formed at
the spline coupling 6 side of the drive shaft 5, is adapted
to urge the cylinder block 7 towards the valve plate 14.

The valve plate 14, which is attached close to the
inner surface of the cover 2 in non-rotatable relation,
serves to alternately communicate each of the cylinders
7a of the cylinder block 7 with a suction conduit 18 and
a discharge conduit 19 displaced at 180° phase there-
from. The function of the valve plate 14 is that in a
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suction stroke of the piston 8 the cylinder 7a communi-
cates with the suction port at the valve plate 14 so that-
the fluid is introduced into the cylinder 7a from the
suction conduit 18, while, in a discharge stroke of the
piston the cylinder 7a communicates with the discharge
port at the valve plate 14 so that the fluid in the cylinder
7a is discharged through the discharge conduit 19.

The swash plate 11 is easily swingable at the fulcrum
of the trunion 12, urged towards a control plunger 21 to
be hereinafter described, by means of a spring 13 in-
serted between the rear of the plate and the inner sur-
face of the body 1, and normally inclined at the maxi-
mum angle as shown is FIG. 1.

The cylinder block 7 rotates through the drive shaft 5
to allow each piston 8 to reciprocate in the cylinder 7a
so that the fluid may be discharged at the maximum
amount when the swash plate 11 is maximumly inclined,
the slant angle being changeable to obtain a desirable
discharge amount.

The aforesaid principal obstruction of the swash plate
type axial piston pump is well known.

Next, the two pressure-two volume control by the
swash plate slant angle adjustment will be described as
for the aforesaid pump.

The two pressure-two volume control of the inven-
tion is, as shown in FIGS. 2, 6 and 10, combined mainly
of the low pressure-large volume and high pressure-
small volume control, besides this, there are combina-
tions of the high pressure-large volume and low pres-
sure-small volume control as in FIG. 8, and the equiva-
lent pressure-two volume control as in FIG. 7.

The two pressure-two volume control includes; the
combination control by system pressure, automatically
changeable of the flow rate by variable discharge pres-
sure from the pumping element, i.e., variable load pres-
sure; the combination control by directional control
valve, changeable of the flow rate by a control valve;
and the combination control of composite type, com-
bined with both the combination control by system
pressure and that by directional control valve.

In greater detail, application of the control systems
will be exemplified by the press work for pressing a
workpiece with a punching tool attached to an actuator
connected to the pump, as follows:

First, the combination control by system pressure is
available for punching a workpiece such as rubbery
material or a thick metal sheet because of being auto-
matically changeable from the low pressure-large vol-
ume to the high pressure-small volume by means of load
pressure alternation, that is, the punching tool is, in
rapid traverse, brought into contact with the workpiece
under the low pressure-large volume control, and upon
rise of the load pressure (the discharge pressure) caused
by the contact the pump is automatically changed to the
high pressure-small volume control so that the tool
may, in slow traverse, punch the workpiece.

Second, the combination control by directional con-
trol valve is capable of alternating the low pressure-
large volume and high pressure-small volume control
by means of the directional control valve, of changing
therefrom to the equivalent pressure-two volume con-
trol, or of changing from the low pressure-small volume
to the high pressure-large volume. The combination is
available, for example, for punching a thin metal sheet
In accompanying with a fear of causing distortion in the
workpiece, which is applied in such a manner that the
tool is, first, rapidly traversed under the low pressure-
large volume control, thereafter, once stopped just be-
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fore the workpiece, and is changed to the slow to be in
contact with the workpiece for punching it, thus the
machining is finislied.

Also, the aforesaid equivalent pressure-two volume
control in this control system is effective in that differ-
ent works or rough and finish cuttings require the alter-
nation of the tool traverse speed, and that alternation of
the low pressure-small volume and high pressure-large
volume controls 1s applied for interchanging the cutting
and travel of workpiece in machining.

Third, the combination control of composite type,
which is combined of the combination control by sys-
tem pressure with that by directional control valve, is
available for changing the workpiece in its material,
thickness or size, at the press work.

Now, the principal element adjusting the slant angle
of the swash plate 11 in the aforesaid control feature and
system, will be described as follows:

The element comprises at least one of pilot plunger 24
and a control plunger 21, which are assembled into the
cover 2, and a first and a second spools 22 and 23, fabri-
cated into the valve block 25. Each of the element is
connected with each other through a present conduit,
and the pilot plunger 24 and control plunger 21 are
travelled towards the swash plate 11 by means of the
discharge pressure and the control pressure reduced
therefrom, so that the swash plate 11 may be adjusted in
its slant angle to thereby carry out the aforesaid fluid
control, the reduced control pressure being against the
inclined moment of the swash plate 11 and the force of
the spring 13.

Furthermore, the element will be detailed in the fol-
lowing. The control plunger 21 is axially movably in-
serted in a cylinder chamber a formed in parallel to the
axis of the drive shaft 5, the tip of the plunger 21
projects from the chamber a to abut against the swash
plate 11, and at the backside of the plunger is formed a
back chamber into which the pilot plunger 24 is axially
movably inserted.

The pilot plunger 24, which serves to settle the dis-
charge amount in the pump characteristics under the
high pressure-small volume and low pressure-large vol-
ume, 18 composed of a larger diameter portion 24a and
a small diameter one 24b, the former dividing the back
chamber into a front chamber b and a rear one k. The
small diameter portion 24b is abutted at its tip against
the back of the plunger 21 and the large diameter por-
tion 24a is formed to be restricted in a given stroke from
its travel] towards the swash plate by a contact at the
shoulder of the large diameter portion 24a with a stop-
per ¢ which is formed at substantially the middle por-
tion of the back chamber of the control plunger thereby
enabling the control plunger to be axially moved in a
regular stroke towards the swash plate 11. In addition,
the small diameter portion 24b is provided at its outer
periphery with a screw thread and an adjusting means
42 screwable therewith so that the pilot plunger 24 may,
as shown in FIG. 3, be optionally controlled in its trav-
elling stroke to thereby adjust the discharge amount at
the small volume control. An adjuster 43 in contact at
the tip thereof with the rear surface of the pilot plunger
24 1s screwably mounted to the cover 2 for adjusting the
stroke of control plunger, thereby adjusting the maxi-
mum slant angle of the swash plate 11, i.e., the maxi-
mum fluid discharge amount. The pilot plunger stroke
adjustment may be carried out by means of a movable
stopper ¢, also operable from the outside of the cover 2.
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The spools 22 and 23 are axially movably inserted
into spool chambers 26 and 27 respectively and are
made to communicate at one end of each of the spools
with the discharge conduit 19 at the high pressure line
36 through the high pressure conduit 37 and guide con-
duits 28 and 29 so that the discharge pressure from the
discharge outlet 19 may allow the spools 22 and 23 to
travel.

At the rear side of each of the spools 22 and 23 are
provided push members 30 and 31 against the spool
travel, mainly formed of spring means respectively. The
push members 30 and 31 are against the discharge pres-
sure led into the spool chambers 23 and 23 and restrict
the spools 22 and 23 from their travels until the dis-
charge pressure exceeds the predetermined value.

The two pressure-two volume control: the low pres-
sure-large volume and high pressure-small volume,
varying the travel of each of the spools 22 and 23 caused
by the biasing forces of the push members 30 and 31,
can be carried out in such a manner that the pressure
Pm) at the low pressure control is settled by reducing
the biasing force of the push member 30 corresponding
to the first spool 22 and the pressure Pc) at the high
pressure control by enlarging that of the push member
31 to the second spool 23.

The biasing force of each of the push members 30 and
31 can be optionally settled with the biasing force ad-
justing screws 32 and 33 provided at the valve block 25
correspondingly to both the members respectively, the
screws 32 and 33 serving to control the pressures Pmj
and Pci at the low and the high pressure controls re-
spectively.

At substantially the intermediate portion of each of
the spool chambers 26 and 27 are provided a first and a
second control conduits 34 and 35, opening into the
spool chambers by travels of the spools 22 and 23 to
communicate with the guide conduits 28 and 29 respec-
tively, so that the control pressure indicated into the
first and second control conduits 3¢ and 35 through
openings thereof may permit the pilot plunger 24 and
control plunger 21 or only the latter to be axially moved
towards the swash plate 11.

The aforesaid construction, which is principal to
regulate the pumping characteristics under the two
pressure-two volume control by adjusting the swash
plate 11 slant angle, may be so formed that the biasing
forces of the push members 30 and 31, the connection of
the first and second control conduits 34 and 35, and that
of the control guide conduits 38 and 39 communicating
with the front chamber b and rear chamber k of the
pilot plunger 24 at the back chamber of the control
plunger 21, can be changed to perform the same control
of the aforesaid feature and system.

Next, the combination control by system pressure, by
directional control valve, and of composite type, carry-
ing out the two pressure-two volume control based on
the aforesaid construction, will be concretely detailed in
the following.

First, the variable delivery hydraulic pump employ-
ing the combination control by system pressure for the
two pressure-two volume control as shown in FIG. 2,
will be described in accordance with FIG. 1, as follows:

The pressure Pmj at the low pressure control and that
Pcy at the high pressure are settled by the first and
second push members 30 and 31 corresponding to the
first and second spools 22 and 23 respectively, in a man-
ner that the biasing force of the first push member 30 is
made smaller than that of the second member 31, and
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the first control conduit 34 is connected to the guide
conduit 38 communicating with the rear chamber k of
the pilot plunger 24 and the second control conduit 35
to the guide conduit 39 communicating with the front
chamber b of the same at the back chamber of the con-
trol plunger 21. Referring to FIG. 1, the pilot plunger
24 and the control plunger 21 are both located at the left
stde and the swash plate 11 is at the maximum slant
angle thereof, in which the rotation of drive shaft §
causes the pistons 8 at the cylinder block 7 to be axially
reciprocated so that the fluid may, under its maximum
flow rate, be discharged from the discharge conduit 19
to the high pressure line 36.

Then, a part of the fluid flows through the high pres-
sure line conduit 37 from the discharge conduit 19 to the
guide conduits 28 and 29 provided at one end of each of
both the spools 22 and 23, and enters the spool cham-
bers 26 and 27 thereby urging rightward the spools 22
and 23 therein. In this instance, being biased leftward by
the push members 30 and 31 respectively, no travel of
each of the spools 22 and 23 occurs until the discharge
pressure becomes over the biasing forces of the push
members. The push member 30 is, as aforesaid, smaller
in its biasing force than that 31, hence, the discharge
pressure from the conduit 19 firstly oercomes the bias-
ing force of the former so as to force the spool 22 to
travel rightward, as the result, the first control conduit
34 is opened to lead therethrough the fluid under the
control pressure into the rear chamber k of the pilot
plunger 24 so that both the plungers 24 and 21 may
simultaneously be axially moved rightward to decrease
the swash plate 11 slant angle, where the displacement
thereof is equal to the extent of the stroke of the pilot
plunger 24.

In the pump’s running under the low pressure as
shown by the curve C in FIG. 2, the swash plate 11
being the maximum at its slant angle and the discharge
amount at the maximum Q3, the spool 22, as the afore-
said, begins to travel for rightward urging the control
plunger 21 when the discharge pressure rises to reach
Pmy, so that the swash plate 11 is reduced in its slant
angle to yield the discharge amount Q; and the pressure
Pmj, the discharge amount Q; depending upon the
stroke of the pilot plunger 24. Its maximum stroke is
defined by the travel of pilot plunger until the larger
diameter portion 24a comes into contact with the stop-
per c at the front chamber b, where the pump is kept in
the low pressure-large volume control until the dis-
charge pressure becomes Pm; as aforesaid, thereafter,
the pressure rise permits the pump to automatically
changed to the high pressure-small volume control.

In the pump operation under the high pressure-small
volume control characteristics, the discharge pressure
rises to the pressure Pc; over the biasing force of the
push member 31 relative to the spool 23, for example, at
the final stroke of punching after completion of molding
a workpiece in the press work, then the second spool 23
initiates to travel rightward against the push member
31, whereby the second control conduit 35 is opened to
allow the fluid control pressure to enter the front cham-
ber b: the back chamber of the control plunger 21, so
that the plunger 21 may rightward be urged for mini-
mizing the slant angle of the swash plate 11.

Thus, the construction shown in FIG. 1 is available
for automatically obtaining the fluid control, as shown
in F1G. 2, from the low pressure-large volume by means
of the combination control by system pressure to the
high pressure-small volume. In addition, the pressures
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Pmj and Pcjat the low and high pressure respectively
are optionally adjustable with the adjust screws 32 and
33, and the discharge amount Q; at the low pressure-
large volume and Q; at high pressure-small volume
control can be so with the adjusters 42 and 43.

The aforesaid combination control by system pres-
sure providing the guide conduits 28 and 29, opened
into the spool chambers 26 and 27, and connected to the
conduit 37 at the high pressure line respectively, the
guide conduit 29 opening into the second spool cham-
ber 27 may, as shown in FIG. 4, be communicated with
the first control conduit 34.

Incidentally, in FIGS. 1 and 4 the numeral reference
40 designates a line connected to a sump (not shown)
through the housing.body 1, connecting the secondary
sections 26a and 27a of the spool chambers 26 and 27
with the push-member-receiving-chambers 30a and 31a
respectively.

Second, the two pressure-two volume control by
directional control valve will be described referring to
FIG. §.

In the drawing, the first control conduit 34 communi-
cates with the secondary section 27a of the second spool
chamber 27 and the second control conduit 35 with the
front chamber b of the pilot plunger 24: the back cham-
ber of the control plunger 21, through the guide conduit
39, the rear chamber k of the pilot plunger 24 communi-
cates with the guide conduit 29 for the second spool 23
through the guide conduit 38, and between the guide
condutits 28 and 29 corresponding to the first and second
spool 22 and 23 respectively and the conduit 37 at the
high pressure line connected to the outlet 19 is inserted
a solenoid directional control valve 62.

The directional control valve 62 employs, as shown
in a symbol at FIG. §, a four external port-two position
directional control valve which is adapted to be change-
able cooperatively with an actuator (not shown) con-
nected to the high pressure line 36. For example, when
the solenoid control valve is, as shown in FIG. 5, used,
a limit switch (not shown) provided at a route where
the actuator is exerted, is closed to yield electric signals
for directionally changing the control valve.

Incidentally, the directional control valve 62 is free to
use any valve other than the solenoid one, in which the
control signals may be electrical or hydraulic or the
like.

The hydraulic pump constructed as aforesaid can
optionally carry out the low pressure-large volume and
the high pressure-small volume controls of the charac-
teristics as shown in FIG. 6, the equivalent pressure-
two volume control as shown in FIG. 7, or the high
pressure-large volume and low pressure-small volume
control as shown in FIG. 8.

In the case of exerting the two pressure-two volume
control of the low pressure-large volume and high pres-
sure-small volume control, shown in FIG. 6, the first
push member 30 corresponding to the first spool 22 is,
as in the construction shown in FIG. S, reduced in its
biasing force more than the second push member 31
corresponding to the second spool 23, thus, the pressure
Pm at the low pressure control being set by the biasing
force of the first push member 30 and the pressure Pc
at the high by that of the second push member 31 re-
spectively.

When the equivalent pressure-two volume control as
shown in FIG. 7 is carried out, the first and the second
push members 30 and 31 are equalized in their biasing
forces, and when the two pressure-two volume control
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of the high pressure-large volume and low pressure-
small volume as shown in FIG. 8 is performed, the
biasing forces of the push members 30 and 31 are re-
versed to those shown in FIG. 6, namely, the pressure
Pc at the high pressure control is settled by the biasing
force of the first push member 30 and the pressure Pm
at the low by that of the second push member 31.

Referring to FIG. 5§, when the directional control
valve 62 is located as in F1G. §, the fluid from the outlet
port 19 enters, as the same as shown in FIG. 1, the spool
chamber 26 from the high pressure line conduit 37
through the guide conduit 28. When the fluid pressure
overcomes the biasing force of the push member 30
corresponding to the spool 22, the spool 22 is forced to
be rightward axially moved to open the port of the
conduit 34 so that the fluid 1s led into the rear chamber
b; the back chamber of the control plunger 21 through
the secondary section 27a of the spool chamber 27, 1n
which the biasing force of the push member 30 is, when
settled to equal to the pressure Pmj at the low, applied
to the control plunger to start its rightward travel, and
finally, the swash plate slant angle becomes nearly zero
to thereby make zero the discharge amount under the
pressure Pm;.

In addition, the hydraulic pump shown in FIG. 5§ can
be controlled at the settled biasing force of the push
member 31 when the directional control valve 62 is
leftward moved to be changed, namely, the same 1is
controllable under the high prressure-small volume
control by means of the biasing force settled as the
pressure Pcj at the high pressure line.

In greater detail, the fluid flow from the discharge
conduit 19 to the guide conduit 29 through the high
pressure line conduit 37, is also led through the guide
conduit 38 into the rear of the pilot plunger 24, 1.e., the
rear chamber k of the back chamber of the control
plunger. When the fluid pressure, 1.e., the discharge
pressure, rises to overcome the sum of the inclined
moment of the swash plate 11 and the force of the
spring 13, the plunger 24 starts to be rightward urged so
as to force the control plunger 21 to be axially moved
thereby decreasing the swash plate slant angle, hence,
the discharge amount becomes Q;. Thereafter, the dis-
charge pressure further rises to reach the pressure Pc;,
then the spool 23 begins to travel and rightward move
the control plunger 21 as the same as in FIG. 1, so as to
push the swash plate 11 until its slant angle becomes
nearly zero, thus the discharge amount under the dis-
charge pressure Pc2 becoming zero.

The abovementioned description concerns the two
pressure-two volume control: the low pressure-large
volume and high pressure-small volume control, from
which the controls shown in FIGS. 7 and 8 will be
understood.

In addition, in the construction shown in FIG. §, the
control of characteristic indicated with the curve E in
FIG. 6 is so carried out that the directional control
valve 62 is displaced reversely of its position in FIG. §,
and the rear chamber k of the pilot plunger 24 and the
high pressure line conduit 37 are made to directly com-
municate with each other. In this control valve change,
if the discharge pressure is, as aforesaid, over the sum of
inclined moment of the swash plate 11 and the force of
the spring 13, at the same time of the change is right-
ward moved the pilot plunger 24 so as to allow the
swash plate slant angle to be decreased to approach the
center position thereof, hence, the characteristics
shown in the curve E of FIG. 6 may immediately be
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obtained, while, if under the sum, the pump is kept in
the low pressure-large volume control characteristic
until the discharge pressure overcomes the sum, thus
the pump being controlled under the two pressure-two
volume characteristic. The force of the spring 13 can,
however, be designed smaller, and the distribution pipe
resistance at the discharge line 36 and the actuator oper-
ation load connected thereto usually cause the pump to
be controlled under the high pressure-small volume at
the same time of change of the directional control valve
62, whereby the pump control is changed from the low
pressure-large volume to high pressure-small volume,
thus the two pressure-two volume control being per-
formed.

Third, the two pressure-two volume control com-
posed of the combination control by system pressure
and that by directional control valve, will be described
as follows:

The control of composite type includes the two pres-
sure-two volume control automatically obtainable, as
shown in FIG. 2, by the system pressure and that by
operating the directional control valve 62 as shown in
FIG. 6, whose control characteristics are as shown in
FI1G. 10.

Referring to FIG. 9, the construction of the control i1s
that: the first control conduit 34 and the rear chamber k
of the pilot plunger 24 communicate with each other
through the guide conduit 38; the second control con-
duit 35 communicates through the guide conduit 39
with the front chamber b of the pilot plunger 24: the
back chamber of the control plunger 21; on the way of
the guide conduit 38 communicating with the first con-
trol conduit 34 is inserted a solenoid directional control
valve 72; a first inlet port P; of two inlet ports of the
valve 72 is connected to the conduit 37 and a second
inlet port P2 to the guide conduit 38 communicating
with the first control conduit 34; and a first outlet port
P; of two outlet ports of the valve 72 is connected to the
pump T and a second outlet port P4 to the guide conduit
38 communicating with the rear chamber k.

At a first position of the valve 72 are connected the
first inlet port P| and the second outlet port P4 with
each other, and are closed the second inlet port P; and
the first outlet port P3; at a second position of the same
is opened each port to communicate with each other
and led to the sump line 40; and at a third position are
connected the second inlet port P2 and outlet port Py
with each other and are closed the first inlet port P and
outlet port P;.

Incidentally, the valve 72 occasionally has the two
positions instead of the three positions, neglecting the
center position thereof, however, the second position s
available for no load running in tool’s 1dling.

The valve 72 mainly employs the solenoid control
valve, but-a manual control may be available. The sole-
noid three position control valve requires solenoids S
and Sz provided at both sides of the valve, and if the two
position valve is used, one of the solenoids may be a
spring.

Now, operation of the pump of the aforesaid struc-
ture will be described in the following.

First, the two pressure-two volume control automati-
cally carried out by system pressure: the combination
control by system pressure, has the pressure preset by
the pressure adjust screws 32 and 33 for changing the
control from the low pressure-large volume to the high
pressure-small voltage.
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In this control system, the solenoid S at the right side
in FI1G. 9 is excited and the directional control valve 72
is set at the position shown in FIG. 9. Hence, the con-
trol conduit 34 at the low pressure line 1s directly con-
nected to the rear chamber R of back chamber of the
control plunger, and the conduit 37a communicating
with the high pressure line conduit 37 is closed. The
condition in FIG. 9 is the same as tha. in FIG. 1, in
which the two pressure-two volume control of low
pressure-large volume and high pressure-small volume,
namely, the discharge pressure-flow rate characteristics
shown by the curve C in FIG. 10, is automatically ob-
tainable by the system pressure control through the
process seen from FIG. 1 so that the pump may be
controlled under the low pressure-large volume (P;,
Q2) and high pressure-small volume (P3, Qi) at the
curve C in FIG. 1, in which the low and high pressure
P, and P; are as aforesaid optional to be set.

Second, the two pressure-two volume control not
with the combination control by system pressure but
with operation of the directional control valve 72, is
that the valve 72 may be changed to desirably select the
pressure of the low pressure-large volume and the high-
small control, where manupulation, catching the pres-
sure rise, or operating the solenoid valve with a limit
switch at the tool's travelling range, 1s available for
changing the valve 72.

The two pressure-two volume control by this system,
similar to the combination control by system pressure, is
that the rnghtside solenoid S, is excited, the valve 72 1s
set to be located as shown in FIG. 9, and when the tool
attached to the actuator reaches just before a work-
piece, the leftside solenois S 1s excited to displace the
valve 72 to the left position from that in FIG. 9.

The wvalve-changing allows the conduit 37a at the
high pressure line conduit 37 to communicate with the
guide conduit 38 and with the rear chamber k there-
through, thus the discharge pressure being directly led
to the chamber k from the high pressure conduit 37,
thereupon, if the discharge pressure exceeds, as in the
construction shown in FIG. §, the sum of the swash
plate 11 inclined moment and the spring 13 force, the
pilot plunger 24 initiates its travel without delay so that
the control plunger 21 is forced to rightward travel
resulting 1n decreasing the swash plate slant angle. Con-
sequently, the discharge amount of the small volume Q
allows the tool cooperable with the actuator to ap-
proach the workpiece in slow traverse, the tool finally
coming in contact therewith without any impact.

Also, since the discharge port 19 is as aforesaid led to
the spool chamber 27 through the high pressure line
condutt 37 and the guide conduit 29, the spool 23
therein tries to travel under the high pressure, but is
impermissible of its travel due to the biasing force of the
push member 31 abutting against the spool, which force
exceeds the discharge pressure until it reaches Pcjy.
When the discharge pressure becomes over Pc, the
spool 23 travels to urge the push member 31 to open the
port 35, hence, the opened port 35 applies the control
pressure to the front chamber b to cause the control
plunger 21 to travel resulting in raising up the swash
plate 11 as the same as the aforesaid case. Consequently,
the swash plate i1s lessened 1n its slant angle until 1t be-
comes zero so as to make the discharge amount zero,
thus, the characteristics shown by the curve F in FIG.
10 being obtained.

Hence, from the aforesaid operation, the pump can
be changed from the low pressure-large volume to high
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pressure-small volume control at an optional pressure
stage so as to be effectively applicable of machining the
workpiece.

As 1s clearly seen from the aforesaid description, the
hydraulic pump of the invention is capable of exerting
with a single pump the two pressure-two volume con-
trol and is further precise and stable in setting the low
and high fluid pressure thereof.

There are suggested, as the two pressure-two volume
control system in the hydraulic pump, the three control
systems: the combination control by system pressure
automatical to act by load pressure alternation, the
combination control by directional control valve em-
ploying the directional control valve’s operation, and
the combination control of composite type combined of
both the above systems.

Each of the control systems is desirably selectable in
manufacturing process, however, the control system
once selected to be assembled in the pump, should be
restricted to this selected system only so that it is impos-
sible for the pump in duty to select another system.

Such a problem is solvable by the method that at
either one of the housing body 1, the cover 2 and the
valve block 25 is formed each of the conduits opening at
one side thereof, three kinds of control block communi-
cating with each of the conduits are formed in coinci-
dence with the aforesaid control system respectively,
and one of the control blocks is optionally selected to be
detachably mounted to either one of the housing body
1, the cover 2 and the valve block 25.

Next, the valve block 25 will be exemplified for the
above constitution as follows:

The valve block 2§ is, as shown in FIG. 11, provided
with the guide conduits 28 and 29, the first control
conduit 34, the second control conduit 35, the high
pressure line conduit 37 connected to the discharge port
19, the control pressure introducing conduit 38 commu-
nicating with the rear chamber k of the pilot plunger 24,
the sump line 40, and the connecting conduit 41, which
conduits are all opened at one side of the valve block 285.

In addition, the valve block 28 may be fixed to the
upper portion of the housing A by means of mount bolts
(not shown) or be integrated with the housing body 1.
In the former case, the second control conduit 35 at the
valve block 25 communicates with the guide conduit 39
connected to the front chamber b of the pilot plunger
24, the control flind pressure introducing conduit 38
does with the rear chamber k of the pilot plunger 24, the
high pressure line conduit 37 does with the discharge
port 19, and the sump line 40 does with the interior of
the housing body 1, these conduits being communicat-
ing with each outer through three kinds of control
blocks 50, 60 and 70, to be hereinafter described, thus
the swash plate 11 can be controlled with either one of
the combination control by system pressure, that by
directional control valve, and that of composite type.

The control blocks 50, 60 and 70 are formed to be
detachable mounted to one side of the valve block 25.
The control blocks have at one side thereof ports which
are as many as the ports of conduits at the one side of
the valve block 25 and have the relation of being lo-
cated in coincidence with the ports of conduits, so that
the hydraulic pump of one of the control systems is
completed by attaching any one of the control blocks to
the valve block 25. Incidentally, being opened at the
one side of the valve block 28, each of the conduits may

be opened at one side of the housing body 1 or the cover
2.
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Now, first, the control block 50 for the combination
control by system pressure will be described as follows:

The block 50 is, as shown in FI1G. 12, provided with
a first fluid passage 51 connecting the high pressure line
conduit 37 at the valve block 25 to the guide conduits 28
and 29, a second passage 52 for connecting the low
pressure line control conduit 34 to the control pressure
introducing conduit 38, and a third passage 53 for con-
necting the sump line 40 to the connecting conduit 41.

The attachment of the block 50 to the valve block 25
allows the guide conduits 28 and 29 at one end of each
of the spool chambers 26 and 27 to communicate
through the first passage 51 with the high pressure line
conduit 37 connected to the discharge port 19, the low
pressure line control conduit 34 to communicate with
the control pressure introducing conduit 38 through the
second passage 52, and the sump line 40 and the con-
necting conduit 41 to communicate with each other
through the third passage 53 to thereby make open the
rear sides of the spools 22 and 23 respectively.

Under these conditions, when the drive shaft § is
rotated to work the pump the fluid of the maximum
flow rate flows out from the discharge port 19 to the
discharge line 36 so that the fluid discharge pressure
may be introduced through the guide conduits 28 and
29 into the one end side of each of the spools 22 and 23
from the discharge conduit 19, the high pressure line
conduit 37, and the first passage 51. Upon rise of the
discharge pressure (load pressure) the spool 22, at first,
travels rightward, the control conduit 34 opens into the
spool chamber, the fluid control pressure is led to the
rear chamber k from the conduit 34 through the second
passage 52 and the control pressure introducing conduit
38. the pilot plunger 24 is rightward moved, and the
swash plate 11 is decreased in its slant angle, thereafter,
when the discharge pressure further rises, the spool 23
rightward travels to open the control conduit 33, and
the control pressure is introduced therefrom into the
front chamber b to rightward move the control plunger
21 thereby making minimum the swash plate slant an-
gle. Thus, the pump can work under the automatic
control of two pressures (Pi, P2) and two volumes (Q1,
Q3) as shown by the characteristic curves in F1G. 2, by
means of the system pressure.

Second, the control block 60 for the combination
control by directional control valve comprises, as
shown in FIG. 13, combination of a block body 61 and
a directional control valve 62. The valve 62 employs an
solenoid valve of four external ports and two positions
as the same as in FIG. 5 and the block body 61 is pro-
vided with; a first passage 63 communicating a first port
P of the electro magnetic valve with the high pressure
line conduit 37; a second passage 64 communicating a
second port T with the sump line 40; a third passage 63
communicating a third port A with the guide conduit 28
for the spool 22; a fourth passage 66 communicating a
fourth port B with the guide conduit 29 for the spool 23
and the fluid control pressure introducing conduit 38;
and a fifth passage 67 communicating the low pressure
line control conduit 34 with the connecting conduit 41.

By attaching the block 60 to the valve block 25 and
operating the solenoid control valve 62 as is positioned
shown in FIG. 13; the guide conduit 28 at one end side
of the spool 22 communicates through the third passage
65, the electromagnetic directional control valve 62 and
the first passage 63, with the high pressure line conduit
37 connecting to the discharge conduit 19; the low
pressure line control conduit 34 communicates with the
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connecting conduit 41 through the fifth passage 67 and
with the front chamber b of the back chamber of the
control plunger 21 through the connecting conduit 41,
the rear side of the spool 23, and the control conduit 33;
and the fluid control pressure introducing conduit 38
connecting to the rear chamber k and the guide conduit
29 for the spool 23, communicates with the sump line 40
through the fourth passage 66, the solenoide directional
control valve 62, and the second conduit 64 respec-
tively.

The pump running under these conditions leads the
discharge pressure to the one end side of the spool 22,
and upon rise of the pressure the spool 22 nghtward
travels to open the control conduit 34 from which the
control pressure is introduced into the front chamber b
of the back chamber of the control plunger 21 through
the aforesaid low pressure line including the fifth pas-
sage 67, and the operating plunger is allowed to right-
ward travel so as to decrease the swash plate slant angle
so that the discharge amount becomes zero at the low
pressure Pmj settled by the push member 30. In this
instance, the control corresponds to the low pressure-
large volume (Pm,, Q2) as shown by the curve D in
FIG. 6. Next, the high pressure-small volume control
(Pci, Q1) as shown by the curve E in FIG. 6, can be
carried out by directionally changing the control valve
62 reversely to the position in FIG. 13. The valve-
changing permits the high pressure conduit 37 to be
communicated through the first passage 63, the solenoid
control valve 62 and the fourth passage 66, with the
guide conduit 29 for the spool 23 and with the control
pressure introducing conduit 38 connected to the rear
chamber k; and the guide conduit 28 for the spool 22
communicates with the sump line 40 through the third
passage 65, the solenoid control valve and the second
passage 64.

Thus, the discharge pressure is introduced into the
rear chamber k of the pilot plunger 24 as well as the one
end side of the spool 23. At this time, when the dis-
charge pressure exceeds the sum of the inclined moment
of the swash plate 11 and the force of the spring 13, the
pilot plunger 24 immediately rightward travels to re-
duce the swash plate slant angle thereby controlling the
pump under the high pressure-small volume character-
istic control. Upon a further rise of the pressure the
spool 23 travels to control the pump at the maximum
discharge pressure and zero discharge amount as shown
by th curve E in FIG, 6.

Hence, the use of the control block 60 and operation
of the directional control valve 62, make 1t possible to
obtain the characteristics of the two pressure-two vol-
ume control as shown in FIG. 6: those of the low pres-
sure-large volume and high pressure-small volume.

Third, the control block 70 for the combination con-
trol of composite type, which is, as the same as the
aforesaid control valve 60, combined with the block
body 71 and the directional control valve 72, employs a
solenoid control valve similar to the abovementioned
directional control valve 62 used in the control block
60. The block body 71 is, as shown in FIG. 14, provided
with; a first passage 73 communicating a first port P of
the solenoid valve 72 with the control pressure intro-
ducing conduit 38; a second passage 74 communicating
a second port T of the valve with the sump line 40 and
connecting conduit 41; a third passage 75 communicat-
ing a third port A of the valve with the low pressure
control conduit 34; and a fourth passage 76 communt-
cating a fourth port B of the valve with the guide con-
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duits 28 and 29 and the high pressure conduit 37, and

further both the guide and pressure conduits with each
other.

The attachment of the control block 70 to the valve
block 25 is available for the composite type control. The
combination control of composite type means the con-
trol of composite characteristics obtainable of the two
pressure-two volume control combined with both the
combination control by system pressure and the high
pressure-small volume control at the combination con-
trol by directional control valve. The composite type
control becomes the same control circuit as the combi-
nation control by system pressure as shown in FIG. 12
by attaching the control block 70 to the valve block 25
and using the solenoid valve 72 at its position as shown
in FIG. 14 so that the two pressure-two volume control
may automatically be applicable by means of the system
pressure as shown by the characteristic curves in FIG.
2, while, by displacing the control valve 72 reversely to
the posttion shown in FIG. 14 is formed the control
circuit similar to the high pressure-small volume control
circuit at the combination control by directional control
valve shown in FIG. 13 to thereby make it possible to
exert the high pressure-small volume control repre-
sented with the curve E in FIG. 6.

Briefly, when the control valve 72 is used at the posi-
tion as indicated in FIG. 14, the guide conduits 28 and
29 communicates with the high pressure line conduit 37
through the forth passage 76 respectively and the low
pressure line control conduit 34 communicates with the
fluid control pressure introducing conduit 38 through
the third passage 78, the solenoid control valve 72 and
the first passage 73, on the contrary, when the control
valve 72 1s displaced reversely to the position shown in
FIG. 14, the fluid control pressure introducing conduit
38 communicates with the high pressure line conduit 37
through the first passage 73, the control valve 72 and
the fourth passage 76.

In greater detail, the high pressure conduit 37, as the
same as the circuit of high pressure-small volume con-
trol characteristic at the control valve system in FIG.
13, communicates with both the one end side of the
spool 23 and the rear chamber k of the pilot plunger 24,
to which the discharge pressure in the conduit 37 is
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In addition, the control blocks 60 and 70 of the afore-
sald three control blocks, which are combined with the
directional control valves 62 and 72 respectively, may
be preassembled integrally with the valves, and if those
valves are on sale, the block bodies 61 and 71 are pre-
ferred to be separated therefrom.

50

55

635

16

As is clearly understood from the aforesaid descrip-
tion, the provision of selective one of the three kinds of
control block may perform the two pressure-two vol-
ume control of three kinds of combination control by
system pressure, by directional control valve, and of
composite type.

Furthermore, the control blocks adapted to be de-
tachably mounted are selectively usable in each of the
aforesaid control systems for meeting working condi-
tions, for example, machining condition.

Accordingly, the housing and cover of the pump are
usable 1n common with respect to any control block so
that the variable delivery pump of the invention is easy
in process and supervision to manufacture and also in
product management, thereby becoming more econom-
ical and widely usable.

In addition, the swash plate type axial piston pump
has heretofore been explained, but the invention is ap-
plicable for all other variable delivery hydraulic piston
pumps and the same type vane pumps, in which a tilting
yoke, eccentric ring or cam ring, serves as the variable
control element.

The aforesaid pump of the invention all having one
pilot plunger respectively, two or more plungers may
be provided. '

While various embodiments of the invention have
been shown and described, the invention is not limited
to the specific construction thereof, which is merely
exemplified in the specification rather than is defined.

What 1s claimed is:

[1. In a variable delivery hydraulic pump including a
housing having a suction and a discharge conduit, a
variable control element movable between maximum
and minimum displacement positions corresponding,
respectively, to a maximum and a minimum fluid dis-
charge amount, a pumping means associated with said
variable control element and controlled thereby to vary
the fluid control element and controlled thereby to vary
the fluid discharge amount of said pumping means be-
tween said maximum and minimum amount, the im-
provement comprising:

a biasing means for constantly urging said variable
control element toward said maximum displace-
ment position, a bore, a pilot plunger and a control
plunger slidably disposed in said bore with one end
of said control plunger in operative engagement
with said variable control element for adjusting
sald displacement position thereof from said maxi-
mum to said mimimum against the urging of said
biasing means, said pilot plunger being slidable
with one end thereof in engagement with the other
end of said control plunger through a stroke dis-
tance to thereby move, engaged with said control
plunger, said variable control element from said
maximum displacement position to an intermediate
displacement position between said maximum and
minimum positions, to vary said fluid discharge
amount from said maximum amount to a medium
amount, said control plunger being slidable
through a stroke distance to move said variable
control element from said intermediate displace-
ment position to said minimum displacement posi-
tion to vary said fluid discharge amount from said
medium amount to said minimum amournt,

means for controlling the sliding movement of said
pilot and control plungers including first and sec-
ond spool valves each disposed for axial movement
in a spool chamber, each spool chamber having one
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end thereof in fluid communication with said dis-
charge conduit of said pumping means, so that said
spool valves will be exposed to the fluid discharge
pressure of said pumping means, first and second
push members disposed at the other ends of said
first and -second spool chambers for engaging the
ends, respectively, of said first and second spool
valves for urging said spool valves against the fluid
discharge pressure from said discharge conduit,
said first and second push members exerting differ-
ent biasing forces on said respective spool valves so
that said spool valves will each be caused to move
against said respective push members in response to
different fluid discharge pressures, a first control
conduit for establishing fluid communication from
a point intermediate the said ends of said first spool
chamber, and thereby from said discharge conduit
when said first spool valve is moved past said point
towards its said other end, to the other end of said
pilot plunger in said bore when said fluid discharge
pressure exceeds a medium level to overcome the
biasing force of said fist push member, a second
control conduit for establishing fluid communica-
tion from a point intermediate the said ends of said
second spool chamber, and thereby from said dis-
charge conduit when said second spool valve 1s
moved past said point in said second spool chamber
toward its said other end, to a point in said bore
between said pilot and control plungers when said
fluid discharge pressure exceeds a maximum level
to overcome the biasing force of said second push
member, the biasing force of said fist and second
push members being such that said spool valves
will be moved thereby to close off said first and
second control conduits from said fluid discharge
conduit when said fluid discharge pressure is lower
than said medium level whereby said biasing means
will move said variable control element to its said
maximum displacement position to cause said
pumping means to discharge saild maximum
amount of fluid.}

2. The variable delivery hydraulic pump according to
claim 1, wherein said first and second push members
corresponding to said first and second spool valves are
provided with adjusters for controlling the biasing
forces of said push members respectively.

3. The variable delivery hydraulic pump according to
claim 1, wherein said pilot plunger is provided at sub-
stantially the intermediate portion thereof with an ad-
juster for adjusting the maximum stroke of said pilot
plunger.

4. The variable delivery hydraulic pump according to
claim 1, wherein said pilot plunger is provided at the
rear side thereof with an adjuster for controlling the
maximum displacement of said variable control element
and the maximum fluid discharge amount.

§. the variable delivery hydraulic pump according to
claim 1, wherein the biasing force of said second push
member corresponding to said second spool valve 1s
made larger than that of said first push member corre-
sponding to said first spool valve.

[ 6. The variable delivery hydraulic pump according
to claim 1, wherein the biasing force of said first push
member corresponding to said first spool valve is made
equal to that of said second push member corresponding
to said second spool valve.]

F7. The variable delivery hydraulic pump according
to claim 1, wherein the biasing force of said first push
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member corresponding to said first spool valve is made
larger than that of said second push member corre-
sponding to said second spool valve.]

8. The variable delivery hydraulic pump according to
claim 1 wherein said means for controlling the shiding
movement of said pilot and control plungers are dis-
posed in a valve block which is removably attached to
said pump housing, said valve block including a plural-
ity of conduit means for establishing fluid communitca-
tion between said first and second control conduits and
said bore of said pilot and control plungers.

9. The variable delivery hydraulic pump as claimed in
claim 8, wherein said valve block includes a control
block which is removably attached to said valve block,
said control block having fluid passage means for estab-
lishing fluid communication between said discharge
conduit and said valve block.

[10. In a variable delivery hydraulic pump including
a housing having a suction and a discharge conduit, a
variable control element movable etween maximum and
minimum displacement positions corresponding, re-
spectively, to a maximum and a minimum fluid dis-
charge amount, a pumping means associated with said
variable control element and controlled thereby to vary
the fluid discharge amount of said pumping means be-
tween said maximum and minimum amount, the 1m-
provement comprising:

a biasing means for constantly urging said variable
control element toward said maximum displace-
ment position, a pilot plunger means and a control
plunger means for adjusting said displacement posi-
tion of said variable control element from said
maximum to said minimum against the urging of
said biasing means, said pilot plunger means having
a rear end and being slidable through a limited
stroke distance to thereby move said variable con-
trol element from said maximum displacement po-
sition to an intermediate displacement position
between said maximum and minimum positions, to
vary said fluid discharge amount from said maxi-
mum amount to a medium amount, said control
plunger means having a rear end and being slidable
through a stroke distance to move said variable
control element from said intermediate displace-
ment position to said minimum displacement posi-
tion to said minimum displacement position to vary
said fluid discharge amount from said medium
amount to said minimum amount,

means for controlling the sliding movement of said
pilot and control plunger means including first and
second spool valves each disposed for axial move-
ment in first and second spool chambers, respec-
tively, each spool chamber having one end thereof
in fluid communication with said discharge conduit
of said pumping means, so that said spool valves
will be exposed to the fluid discharge pressure of
said pumping means, first and second push mem-
bers disposed at the other ends of said first and
second spool chambers for engaging the ends, re-
spectively, of said first and second spool valves for
urging said spool valves against the fluid discharge
pressure from said discharge conduit, said first and
second push members exerting different biasing
forces on said respective spool valves so that said
spool valves will each be caused to move agamst
said respective push members in response to differ-
ent fluid discharge pressures, a first control conduit
for establishing fluid communication from a point



Re. 31,711

19

intermediate the said ends of said first spool cham-
ber, and thereby from said discharge conduit when
said first spool valve is moved past said point
toward its said other end, to the rear end of said
pilot plunger means when said fluid discharge pres-
sure exceeds a medium level to overcome the bias-
ing force of said first push member, a second con-
trol conduit for establishing fluid communication
from a point intermediate the said ends of said
second spool chamber, and thereby from said dis-
charge conduit when said second spool valve is
moved past said point in said second spool chamber
toward its said other end, to the ear end of said
control plunger means when said fluid discharge
pressure exceeds a maximum level to overcome the
biasing force of said second push member, the bias-
ing force of said first and second push members
being such that said spool valves will be moved
thereby to close off said first and second control
conduits from said fluid discharge conduit when
said fluid discharge pressure is lower than said
medium level whereby said biasing means will
move sald variable control element to its said maxi-
mum level displacement position to cause said
pumping means to discharge said maximum
amount of fluid. }

L11. In a variable delivery hydraulic pump having a
housing having a suction and a discharge conduit, a
variable control element movable between maximum
and mimimum displacement positions corresponding,
respectively, to a maximum and a minimum discharge
amount, a pumping means associated with said variable
control element and controlled thereby to vary the fluid
discharge amount of said pumping means between said
maximum and minimum amount, the improvement
comprising:
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a biasing means for constantly urging said variable

control element toward said maximum displace-
ment position, a pilot plunger means and a control
plunger means each having a rear end and each
slidably disposed in said housing in operative en-
gagement with said variable control element for
adjusting said displacement position thereof from
said maximum to said minimum against the urging
of said biasing means, said pilot plunger means
being slidable through a stroke distance that is
limited to thereby move said variable control ele-
ment from said maximum displacement position to
an intermediate displacement position between said
maximum and minimum positions to vary said fluid
discharge amount from said maximum amount to a
medium amount, said control plunger means being
slidable through a stroke distance to move said
variable control element from said intermediate
displacement position to said minimum displace-
ment position to vary said fluid discharge amount
from saild medium amount to said minimum
amount,

means for controlling the shding movement of said
pilot and control plunger means including first and
second spool valves each disposed for axial move-
ment in a first and a second spool chamber, respec-
tively, satd first spool chamber of said first spool
valve having one end thereof in fluid communica-
tton with said discharge conduit of said pumping
means so that said first spool valve will be exposed
to the fluid discharge pressure of said pumping
means, first and second push members disposed at
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the other ends of said first and second spool cham-
bers for engaging the ends, respectively, of said
first and second spool valves for urging said spool
valves against fluid pressure from said discharge
conduit, said first and second push members exert-
ing different biasing forces on said respective spool
valves so that said spool valves will each be caused
to move against said respective push members in
response to different fluid discharge pressures, a
first control conduit for establishing fluid commu-
nication from a point intermediate the said ends of
said first spool chamber, and thereby from said
discharge conduit when said first spool valve is
moved past said point towards its said other end, to
the rear end of said pilot plunger means when said
fluid discharge pressure exceeds a medium level to
overcome the biasing force of said first push mem-
ber, said first control conduit having a branch for
passing fluid under pressure to said second spool
valve, a second control conduit for establishing
fluid communication from a point intermediate the
said ends of said second spool chamber, and
thereby from said discharge conduit through said
first control conduit when said second spool valve
is moved past said point in said second spool cham-
ber toward its said other end, to the rear end of said
control plunger means when said fluid discharge
pressure exceeds a maximum level to overcome the
biasing force of said second push member, the bias-
ing force of said first and second push members
being such that said spool valves will be moved
thereby to close off said first and second control
conduits from said fluid discharge conduit when
satd fluid discharge pressure is lower than said
medium level whereby said biasing means will
move said variable control element to its said maxi-
mum displacement position to cause said pumping
means to discharge said maximum amount of
fluid. ]}

12. In a variable delivery hydraulic pump including a
housing having a suction and a discharge conduit, a vari-
able control element movable between maximum and
minimum displacement positions corresponding, respec-
tively, to a maximum and a minimum fluid discharge
amount, a pumping means associated with said variable
control element and controlled thereby to vary the fluid
discharge amount of said pumping means between said
maximum and minimum amount, the improvement com-

prising:

a biasing means for constantly urging said variable con-
trol element toward said maximum displacement
position, a bore, a pifot plunger and a control plunger
slidably disposed in said bore with one end of said
control plunger in operative engagement with said
variable control element for adjusting said displace-
ment position thereof from said maximum to said
minimum against the urging of said biasing means,
said pilot plunger being slidable with one end thereof
in engagement with the other end of said control
plunger through a stroke distance to thereby move,
engaged with said control plunger, said variable con-
trol efement from said maximum displacement posi-
tion te an intermediate displacement position between
said maximum and minimum positions, to vary said
fluid discharge amount from said maximum amount
to @ medium amount, said control plunger being slid-
able through a stroke distance to move said variable
control element from said intermediate displacement
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position to said minimum displacement position to
vary said fluid discharge amount from said medium
amount to said minimum amount,

means for controlling the sliding movement of said pilot
and control plungers including first and second spool
valves each disposed for axial movement in a spool
chamber, said first spool valve being movable indepen-
dently of the position of said pilot plunger, each spool
chamber having one end thereof in fluid communica-
tion with said discharge conduit of said pumping
means, so that said spool valves will be exposed to the
fluid discharge pressure of said pumping means, first
and second push members disposed at the other ends
of said first and second spool chambers for engaging
the ends, respectively, of said first and second spool
valves for urging said spool valves against the fluid
discharge pressure from said discharge conduit, said
first and second push members exerting different
biasing forces on said respective spool valves so that
said spool valves will each be caused to move against
said respective push members in response to different
fluid discharge pressures, a first control conduit for
establishing fluid communication from a point inter-
mediate the said ends of said first spool chamber, and
thereby from said discharge conduit when said first
spool valve is moved past said point towards its said
other end, to the other end of said pilot plunger in said
bore when said fluid discharge pressure exceeds a
medium level to overcome the biasing force of said
first push member, a second control conduit for estab-
lishing fluid communication from a point intermedi-
ate the said ends of said second spool chamber, and
thereby from said discharge conduit when said second
spool valve is moved past said point in said second
spool chamber toward its said other end, to a point in
said bore between said pilot and control plungers when
said fluid discharge pressure exceeds a maximum
level to overcome the biasing force of said second push
member, the biasing force of said first and second
push members being such that said spool valves will be
moved thereby to close off said first and second control
conduits from said fluid discharge conduit when said
fluid discharge pressure is lower than said medium
level whereby said biasing means will move said vari-
able control element to its said maximum displace-
ment position to cause said pumping means to dis-
charge said maximum amount of fluid.

13. In a variable delivery hydraulic pump including a
housing having a suction and a discharge conduit, a vari-
able control element movable between maximum and
minimum displacement positions corresponding, respec-
tively, to a maximum and a minimum fluid discharge
amount, a pumping means associated with said variable
control element and controlled thereby to vary the fluid
discharge amount of said pumping means between said
maximum and minimum amount, the improvement com-
prising:

a biasing means for constantly urging said variable con-
trol element toward said maximum displacement
position, a pilot plunger means and a control plunger
means for adjusting said displacement position of said
variable control element from said maximum to said
minimum against the urging of said biasing means,
said pilot plunger means having a rear end and being
slidable through a limited stroke distance to thereby
move said variable control element from said maxi-
mum displacement position to an intermediate dis-
placement position between said maximum and mini-
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mum positions, to vary said fluid discharge amount
from said maximum amount to a medium amount,
said control plunger means having a rear end and
being slidable through a stroke distance to move said
variable control element from said intermediate dis-
placement position to said minimum displacement
position to vary said fluid discharge amount from said
medium amount to said minimum amount,

means for controlling the sliding movement of said pilot
and control plunger means including first and second
spool valves each disposed for axial movement in first
and second spool chambers, respectively, said first
spool valve being movable independently of the posi-
tion of said pilot plunger means, each spool chamber
having one end thereof in fluid communication with
said discharge conduit of said pumping means, so that
said spool valves will be exposed to the fluid discharge
pressure of said pumping means, first and second push
members disposed at the other ends of said first and
second spool chambers for engaging the ends, respec-
tively, of said first and second spool valves for urging
said spool valves against the fluid discharge pressure
from said discharge conduit, said first and second
push members exerting different biasing forces on said
respective spool valves so that said spool valves will
each be caused to move against said respective push
members in response to different fluid discharge pres-
sures, a first control conduit for establishing fluid
communication from a point intermediate the said
ends of said first spool chamber, and thereby from
said discharge conduit when said first spool valve is
moved past said point toward its said other end, 1o the
rear end of said pilot plunger means when said fluid
discharge pressure exceeds a medium level to over-
come the biasing force of said first push member, a
second control conduit for establishing fluid commu-
nication from a point intermediate the said ends of
said second spool chamber, and thereby from said
discharge conduit when said second spool valve is
moved past said point in said second spool chamber
toward its said other end, to the rear end of said con-
trol plunger means when said fluid discharge pressure
exceeds a maximum level to overcome the biasing
force of said second push member, the biasing force of
said first and second push members being such that
said spool valves will be moved thereby to close off said
first and second control conduits from said fluid dis-
charge conduit when said fluid discharge pressure Is
lower than said medium level whereby said biasing
means will move said variable control element to its
said maximum level displacement position to cause
said pumping means to discharge said maximum
amount of fluid.

14. In a variable delivery hydraulic pump having a hous-
ing having a suction and a discharge conduit, a variable
control element movable between maximum and mini-
mum displacement positions corresponding, respectively, o
a maximum and a minimum discharge amount, a pump-
ing means associated with said variable control element
and controlled thereby to vary the fluid discharge amount
of said pumping means between said maximum and mini-
mum amount, the improvement comprising:

a biasing means for constantly urging said variable con-
trol element toward said maximum displacement
position, a pilot plunger means and a control plunger
means each having a rear end and each slidably dis-
posed in said housing in operative engagement with
said variable control element for adjusting said dis-
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placement position thereof from said maximum to
said minimum against the urging of said biasing
means, said pilot plunger means being slidable
through a stroke distance that is limited to thereby
move said variable control element from said maxi-
mum displacement position to an intermediate dis-
placement position between said maximum and mini-
mum positions to vary said fluid discharge amount
Jfrom said maximum amount to a medium amount,
said control plunger means being slidable through a
stroke distance to move said variable control element
from said intermediate displacement position to said
mintmum displacement position to vary said fluid
discharge amount from said medium amount to said
minimum amoun!,

means for controlling the sliding movement of said pilot
and control plunger means including first and second
spool valves each disposed for axial movement in a
Jirst and a second spool chamber, respectively, said
first spool valve being movable independently of the
position of said pilot plunger means, said first spool
chamber of said first spool valve having one end
thereof in fluid communication with said discharge
conduit of said pumping means so that said first spool
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valve will be exposed to the fluid discharge pressure of 25

said pumping means, first and second push members
disposed at the other ends of said first and second

spool chambers for engaging the ends, respectively, of

said first and second spool valves for urging said spool
valves against fluid pressure from said discharge con-
duit, said first and second push members exerting
different biasing forces on said respective spool valves
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so that said spool! valves will each be caused to move
against said respective push members in response to
different fluid discharge pressures, a first control con-
duit for establishing fluid communication from a
potnt intermediate the said ends of said first spool
chamber, and thereby from said discharge conduit
when said first spool valve is moved past said point
towards its said other end, to the rear end of said pilot
plunger means when said fluid discharge pressure
exceeds a medium level to overcome the biasing force
of said first push member, said first control conduit
having a branch for passing fluid under pressure to
said second spool valve, a second control conduit for
establishing fluid communication from a point inter-
mediate the said ends of said second spool chamber,
and thereby from said discharge conduit through said
Jirst control conduit when said second spool valve is
moved past said point in said second spool chamber
toward its said other end, to the rear end of said con-
trol plunger means when said fluid discharge pressure
exceeds a maximum level to overcome the biasing
Jorce of said second push member, the biasing force of
said first and second push members being such that
said spool valves will be moved thereby to close off said
first and second control conduits from said fluid dis-
charge conduit when said fluid discharge pressure is
lower than said medium level whereby said biasing
means will move said variable control element to its
said maximum displacement position to cause said
pumping means to discharge said maximum amount

of fluid.
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