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The present invention relates to improvements in vari-
able displacement pumps and is more particularly con-
cerned with novel structure and relationships in such
pumps for controlling pump displacement.

An important object of the present invention is to
provide improvements in variable displacement Jpumps for
automatically as well as selectively adjusting pump dis-
placement,

Another object of the invention is to provide improved
means for controlling variable displacement pumps re-
sponsive to pump-created pressure and selectively ad-
justable for varying the pump pressure responsiveness
thereof.

A further object of the invention is to provide novel
pressure responsive control valve means and means for
selective modification of its pressure responsiveness for
controlling the displacement of a variable displacement
pump.

Yet another object of the invention is to provide im-
proved control valve means for variable displacement
pumps normally responsive to predetermined pump-
created pressure above a mean pressure to maintain the
pressure substantially constant by varying the pump dis-
placement, and including means controllable from a point
externally of the pump to vary the pressure responsive-
ness of the valve means.

Still another object of the invention is to improve the
general construction of variable displacement pumps.

Other objects, features and advantages of the present
invention will be readily apparent from the following
detailed description of a preferred embodiment thereof
taken in conjunction with the accompanying drawings,
in which:

Figure 1 is an elevational view of one side of a variable
displacement pump of a type especially suitable for use
in a transmission for an automotive vehicle or the like;

Figure 2 is a sectional detail view taken substantially
on the line IT—II of Figure 1 through the face plate of
the pump assembly shown in full in Figure 1;

Figure 3 is a side elevational view of the opposite side
of the pump from that shown in Figure 1 and with the
face plate removed to reveal internal mechanism of the
pump; and

Figure 4 is a sectional detail view taken on substan-
tially the line IV—IV of Figure 1.

By way of illustration there is shown in the drawings
a variable displacement pump of the sliding vane type
and in the particular embodiment shown adapted for
use in the transmission system of an automotive vehicle.
The pump comprises a casing 10 housing a pump rotor
11 which has a uniformly spaced series of radial pe-
ripherally opening slots 12 within which are operably
disposed sliding reciprocable vanes 13. The sides of
the rotor 11 are inset at predetermined distance from
its periphery at both sides to accommodate concentric
rings 14 in engagement with the inner ends of the vanes
13 and functioning to maintain the outer ends of the
vanes or blades on a predetermined diameter. A cen-
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tral bore may be provided through the rotor 11 pro-
vided with spline teeth 15 by which the rotor is adapted
to be assembled for rotation upon a splined shaft in a
transmission assembly.

A circular pump chamber 17 concentric with the
control rings 14 and of a diameter to be constantly en-
gaged by the outer tips of the vanes 13 is provided by a
displacement control member or modulator 18. In the
present instance the modulator 18 is of the reciprocably -
guided type having opposite parallel flat sides or edges
19 slidably engaging parallel bearing walls 20 defining
opposite sides of a modulator control chamber 21 pro-
vided in an intermediate casing member or ring 22,
By preference the housing ring 22, the modulator 18
and the rotor 11 are of approximately the same thick-
ness, that is their broad faces are disposed in approxi-
mately the same planes while opposite facing plates 23
and 24 complete the housing or casing .10 enclosing the
pump and more particularly affording closures for the
pump chamber 17 and the modulator chamber 21. In
assembly, sufficient sliding clearance is afforded for the
pump rotor i1 and the modulator 18 after the facing
plates 23 and 24 have been secured to the opposite faces
of the intermediate casing member 22 so as to permit
free rotation of the rotor 11 and slidable reciprocation of
the modulator ring 18.

As best seen in Figure 4, the facing plate 23 may be
provided with a central hollow hub 25 provided with in-
ternal splines 26 for connection of 2 spline member in
the transmission with which the unit may be used. A
fluid passage 27 leads from the splined bore to the out-
side of the casing, The diameter of the spline bore in
the boss 25 may be smaller than the diameter of the
spline bore in the pump rotor 11. Clearance passage
for the shaft to which the pump rotor is splined is pro-

- vided by a concentric bore 28 in the facing plate 24.
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Rotation of the rotor 11 in operation is intended to .
be clockwise as viewed in Figure 3 so that hydraulic
fluid from any appropriate source is drawn through an
arcuate inlet duct or port 29 by action of the rotor blades
13 at the low pressure side of the pump and displaced
through an outlet duct or port 39 at the high pressure-
side of the pump. Both of the ports 29 and 30 are
preferably located in the inner face of the facing plate.
23. As best seen in Fig. 1, an inlet passage 31 leads to
the inlet port 29 while a discharge or high pressure.
passage 32 leads from the high pressure port 30.

At the beginning of operation, at least, it is desirable
that the pump displacement be at maximum, and for
this purpose the modulator 18 is preferably biased to
dispose the pump chamber 17 in maximum eccentric
pumping relation to the rotor 11 by a spring 33 which
may be in the form of a coiled compression biasing
spring seated at one end in a shallow depression 34
in one end of the modulator and at its other end in a
socket-like recess 35 in the opposing wall defining the
modulator chamber 21 in the intermediate casing ring 22.

The principal function of the biasing spring 33, which
may be of relatively light weight and which need. not be
of any critical load or compression strength, is to assure
that the modulator 18 will normally be, at least at the
beginning of operation, in a position of pump chamber
eccentricity with respect to the pump rotor 11. As a re-
sult, when the pump is started, maximum displacement
will occur. -

Means are provided for automatically adjusting the
modulator 18 to vary displacement of the pump in opera-
tion to maintain predetermined mean output pump pres-
sures throughout a selective range. This is accomplished
by the provision of a pump-pressure-responsive, automa-
tically adjustable control valve structure 37 (Figs. 1 -
and 2) operable to control the application of pump-
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created pressure for directly adjusting the position of the
modulator 18 within the modulator chamber 21 for es-
tablishing and maintaining such a relationship of the
pump chamber 17 to the pump rotor 11 that a mean pump
cutput pressure selected within a.variable range is main-
tained as desired.

In a convenient, economical and highly efficient form
the . control valve assembly 37 includes a reciprocable
plunger valve member 38 operatively slidably disposed
within a. bore 39 in the pump housing 10, and in the
present instance located in the facing plate 23 which for
this, purpose is provided with a thickened portion or em-
bossment 40 at one side of the hub 25. A salient ad-
vantage of such location of the valve bore 39 resides in
that all piping can be avoided for effecting communica-
tion between the fluid system of the pump and the modu-
lator chamber 21 by way of the control valve. Al such
communication can thus be effected by passages or ducts
in the housing 10. This is a valuable feature where

space is at a premium and a compact unit without ex- :

ternal ducts, tubes or piping is desired, such as in an au-
tomotive transmission. This arrangement also avoids
the liability of accidental blockage or restriction of the

intercommunicating fluid passages as often occurs in sys- .

tems including tubes serving as fluid passages and thus
liable to damage during installation or servicing of the
apparatus, or otherwise. Furthermore, frictional pres-
sure losses are greatly reduced because of the relatively
more direct, short passage communications that can be at-
tained through the ducts and bores providing fluid pas-
sage within the walls of the housing 10.

By preference, the control valve housing bore 39-is so
disposed that direct communication with the high pres-
sure or discharge port 30 of the pump is effective through
a.passage bore 41 between the port 30 and one end por-
tion of the valve bore 39. In this way the adjacent end
of the valve body 38 is subjected to pump pressure dur-
ing operation. In order to assure constant exposure of the
mentioned end of the valve member to the high pressure,
such end may be provided with a reduced diameter or
head end stop finger 42 engageable with a closure plug 43
by which the proximate end of the valve bore 39 is sealed
off outwardly from the high pressure communication
duct 41.

The valve.member 38 is normally biased in opposi-
tion to. pump pressure, that is toward the head end
of the valve, by means herein comprising a coiled com-
pression spring 44 acting against the opposite or rear end
of the valve member and seated against a bottom or shoul-
der 45 at the inner end of the valve bore. For this pur-
pose, the length of the valve housing bore 39 is substan-
tially longer than the body portion of the valve member
38, The spring 44 is selected both as to length and ten-

sioning qualities to resist, under load, movement of the .

valve member 38 in opposition to the spring with a prede-
termined static force. Thus, until the dynamic pressure
of the pump-impelled fluid attains a force in excess of the
spring loading, the valve 38 will be maintained in its fully
biased position,

The relationship of the biasing spring 44 to the valve
member 38 is such that when a mean pump output pres-
sure value is exceeded, the pump pressure acting upon
the head of the valve drives the valve in opposition to
the spring for effecting valve controlled communication
with the modulator chamber 21 to effect shifting of the
modulator and thus adjustment in the pump displacement
and return to the mean output pressure. For this pur-
pose, communication is effected between appropriate por-
tions of the valve bore 39 and the modulator chamber
21. Since during acceleration of the pump at the begin-
ning of operation or during operation at lower. than the
mean output pressure, it.is desirable to have the modula-
tor 18 in the position -of maximum pump chamber eccen-
tricity relative to the pump rotor 11, initial communica-
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tion between a sub-chamber 47 between the end of the
modulator 18 engaged by the biasing spring 33 and the
opposing wall defining the modulator chamber is effected
with the high pressure side of the pump by way of a port
or duct 48 (Figs. 1, 2 and 4) leading from the valve
bore 39 to a recess 49 in the periphery of the facing plate
23 and communicating with a fluid passage channel '50
provided in the periphery of the intermediate housing
member 22 running to a radially inwardly directed. pas-
sage 51 entering the modulator sub-chamber 47. A Hous-
ing member 10a about the casing 1€ closes the reces.s.49
and the channel 50. In the fully biased or at rest position
of the valve member 38 an- annular groove 52 in the
valve member registers with the passage 48, while a plu-
rality of annularly spaced longitudinally extending bores
53 in the head end portion of the valve member afford
communication between the head end of the valve mem-
ber and the channel 52. Thus, pump-created pressure
less than and up to the mean pressure for which the valve
member 38 is biased will be effected through the com-
munication passageway to the modulator sub-chamber 47"
for acting on that end, namely the biased end of the modu-
lator to assist the biasing. spring 33 in maintaining the
modulator in full eccentric position.

At the same time, all pressure is relieved from the
opposite end of the modulator 18. At this end, the moglu-
lator is formed with a.flattened stop portion 54 which
engages a complementary flattened abutment porti{m 55
defining part of the wall of the modulator chamber in the
intermediate casing member 22 (Fig. 3). Adjacent th.e‘
stop portion 54, the end portion of the modulator is
recessed or set back to provide. a modulator sub-chamber
57. A bore passage 58 communicates with the sub—ch.am-
ber 57 and with the valve bore 39 in a position to register
with a peripheral annular communication groove 59 in
the valve member 38 communicating by way of an an-
nularly spaced set of longitudinal passages 60 with apd
through the end of the valve member 38 and thus with
the biasing spring chamber in the bore 39 behind the
valve member. A port 61 effects communication be-
tween the inner end portion of the valve chamber 39 a.qd
the low pressure or suction port 29 of the pump fluid -
system. Thus, means are provided in an efficient and
simple manner for relieving the modulator of pressure
at the end toward which it is biased while the pump _is
operating below a given mean operating pressure. It will
be understood, of course, that preferred communica-
tion could be effected between the. sub-chamber 57 and
atmosphere at a sump or the- like, since the principal
consideration is pressure relief.

When the pump-created pressure has. attained the de-
sired mean the valve member 38 is moved in opposition
to the biasing spring 44 to a balanced position wherein .
the valve member 38 closes off the ports or passages
48 and 58. This substantially locks the modulator 18
in its fully eccentric position.

Upon development of pump pressure in excess of the
mean pressure desired, the valve member 38 is moved
additionally in opposition to.the biasing spring 44 until
a pressure fluid duct or port62, which up to this time
has been closed by the valve 38, is.opened to the high
pressure side of the pump by registration of the high.
pressure groove 52 in the. valve with the port 62. The
pressure port or passage 62 communicates with the modu-
lator sub-chamber 57 to exert pressure upon the con-
tiguous end of the modulator 18 and shift the modulator
toward a position of less pump chamber 'eccentricity
relative to the rotor 11.- At the same time pressure relief
communication with the modulator sub-chamber 47 is
effected by opening of a port or.passage 63 upon registra-
tion of relief groove 59 in the valve member therewith to.:
effect communication with the recess 49 to which the -
passage 63 leads.. Thus, the modulator is quickly shift-
ed and the desired mean output pressure re-established, the .
valve member 38 returning to.a port blocking position
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as’soon as the desired mean pressure has been re-estab-
lished. '

It will thus be apparent that highly sensitive cortrol
automatically in response to pump-created pressure is
afforded over the modulator 18 by response of the valve
38 to action of the biasing spring 44 and the dynamic
pressure of the pump acting upon respective opposite
ends of the valve member.

To accommodate situations where in the course of op-
eration it is necessary to increase the mean pump output
pressure during any particular interval, means are pro-
vided for selectively imposing ‘an increased biasing pres-
sure upon the valve member 38 in addition to and sup-

plemental to the biasing spring 44. To this end, a sup- .

plementary biasing plunger element or member 64 is slida-
bly -disposed within a reduced diameter inward extension
65-from the valve bore 39 and concentric with the valve
bore.- Valve biasing engagement with the valve member
38 by the biasing plunger 64 is effected through the medi-
um of a rearwardly extending projection or stern 67 on the
valve member directed into the spring 44. .

When the control valve 38 is to function solely under
the biasing influence of the spring 44, the auxiliary bias-
ing plunger 64 remains inert or free floating in the bore
extension 65. However, when it is desired to increase
the- bias upon the valve 38, fluid under pressure is in-
troduced into the bore portion 65 through a passage 68
leading into a further reduced diameter portion or port
69 at the rear of the reduced bore portion 65. The pas-
sage. 68 leads off through the casing face plate 23 and if
desired on through the outer housing or supporting mem-
ber 10a and communicates with any preferred source of
fluid under pressure which may be a separate source of
fluid or may be the pressure fluid displaced by the pump.
In any event, any preferred additional biasing load may
be imposed upon the valve 38 by the fluid pressure in-
troduced ;behind the biasing plunger 4. For example,
if the biasing spring 44 is rated at a loading of thirty
pounds per square inch resistance to the valve 38, and it
is desired to establish a mean pump output pressure of
sixty pounds per square inch, then the pressure introduced
behind the biasing plunger 64 will be sixty pounds per
square inch. Of course, it will be clear that any other
selected or additional pressure desired may be imposed
upon the valve 3§ through the plunger 64 by imposing
the desired auxiliary biasing fluid pressure upon the aux-
iliary biasing plunger 64.

The stem extension 67 of the valve member 38 also
serves as a stop for limiting rearward or pressure in-
duced movement of the valve member 38, so that under
unusual pressure thrusts the valve member will not over-
run the system of control ports leading to the modula-
tor chamber. Accordingly, at the limit of pressure thrust
movement of the valve member, the auxiliary plunger
64 comes to rest against a stop shoulder 70 provided at
the bottom of the auxiliary reduced diameter auxiliary
plunger bore 65. In this thrust limit position, of course,
high pressure fluid from the pump will be conveyed by
way of the passage 62 to the modulator sub-chamber 57
for driving the modulator toward a position of reduced
pump chamber eccentricity. .

/From the foregoing it will be apparent that the present
i/ivention provides a variable displacement pump control
arrangement that is not only highly sensitive for selec-
tive multi-stage pressure responsiveness within a large
range, but also in any stage of selected or adjusted pres-
sure responsiveness of the control valve mechanism is
automatically adjustable for variable displacement of
the pump to maintain a desired mean pumping pressure.

It will be understood that modifications and variations
may be effected without departing from the scope of the
novel concepts of the present invention.

We claim as our invention:

1. In combination in control means for a variable
displacement pump, a casing having a bore, a control
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valve plunger in said bore and means for directly. subs
jecting the valve plunger at one end to pressure fluid from
the high pressure side of the pump, a spring in said bore
operative on the valve plunger in opposition to the high
pressure on the valve plunger, a stem projecting from
the valve plunger past the spring, a reduced diameter
portion at the rear end of the bore, an auxiliary pressure
plunger in said reduced diameter portion, said stem being
engageable by said auxiliary plunger, and means for in-
troducing pressure fluid into said reduced diameter bore .
behind said auxiliary plunger for thrusting said auxiliary
plunger against said stem and thereby supplementing the
bias of said spring.

2. .In combination in conirol means for a variable
displacemeént pump, a casing having a bore, a control
valve plunger in said bore and means for directly sub-.
jecting the valve plunger at one end to pressure fluid
from the high pressure side of the pump, a spring in said

. bore operative on the valve plunger in opposition to -
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the high pressure on the valve plunger, a stem projecting
from the valve plunger past the spring, ‘a reduced diam-
eter portion at the rear end of the bore, an auxiliary
pressure plunger in said reduced diameter portion, said

. stem being engageable by said "auxiliary plunger, and

means for introducing pressure fluid into said reduced
diameter bore behind said auxiliary plunger for thrust-
ing said auxiliary plunger against said stem and thereby
supplementing the bias of said spring, said auxiliary bore

zhaving an inner generally axially facing shoulder against

which the auxiliary plunger is' engageable as a stop to -
limit movement of the valve plunger in opposition to
the spring and auxiliary plunger, .

3. In a variable displacement pump construction, a

»casing ring defining a modulator chamber, a modulator

ring member in said chamber ‘and cooperating at diamet-
rically opposite sides with . the ‘wall of said ring defined
chamber to divide the space in said chamber into op-
posite sub-chambers at respective ‘diametrically opposite.
sides of the modulator between said first ‘mentioned’ di-
ametrically opposite sides, said modulator having therein
a pump chamber within which a pump rotor and fluid
impelling means are adapted to operate, casing structure
enclosing the opposite faces of said casing ring and the
periphery of said casing ring, respective fluid inlet and
outlet ports communicating through said casing struc-
ture with the pump chamber, said casing structure hav-
ing a valve chamber therein, said casing structure having
a passage leading from one of said sub-chambers to said
valve chamber, said casing ring and said casing structure
having a fluid passage leading to said valve chamber from
the other of said sub-chambers, said casing structure
having a further passage leading to said valve chamber
from said outlet port, and a valve member in said valve
chamber responsive to fluid pressure through said further
bassage to control the flow of pressure fluid from said
further passage through said valve chamber into selec-
tively the passages from said sub-chambers, said passage
leading from said other of said sub-chambers to said
valve chamber comprising in part a groove in the outer
periphery of said casing ring and said groove being
closed at the periphery of the casing ring by the sur-
rounding casing structure,

4. In combination in a variable displacement pump, a
casing defining a modulator chamber, a modulator adjust-
ably movable in said chamber and cooperating with the
walls defining said chamber to divide the modulator cham-
ber into sub-chambers at respectively substantially dia-
metrically opposite ends of the modulator, the modulator
having therein a pump chamber, a pump rotor operable
in said pump chamber and having means cooperating with
the wall of the modulator defining the chamber to dis-
place fluid through the pump chamber, fluid inlet and out-
let ports communicating with the pump chamber, and
means for controlling the position of the modulator in said
modulator chamber comprising: a valve chamber pro-
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vided by the casing, respective passages leading from said
sub-chambers to said valve chamber, a further passage
leading from said outlet port to the valve chamber, a
plunger valve reciprocable in said valve chamber and
operable responsive to fluid pressure communicated
through said further passage to control delivery of pres-
sure fluid from said further passage through said valve
chamber selectively to said passages that communicate
with said sub-chambers, a spring normally biasing said
valve plunger in opposition to the pressure of fluid de-
livered through said further passage, said valve plunger
having a portion extending therefrom past the spring, a
reciprocable plunger independent of the spring and re-
ciprocable relative to the valve plunger but disposed in
thrusting relation to said plunger, and means for subject-
ing the reciprocable plunger to fluid pressure to drive the
reciprocable plunger into thrusting relation to said por-
tion for supplementing the bias of the spring in opposing
pressure from the pump through said further passage,
whereby to increase the bias load that must be overcome
before the valve plunger will shift in opposition to the
spring.

5. In a variable displacement pump construction com-
prising a casing structure defining a modulator chamber
having movable therein a modulator cooperating with the
walls defining the chamber to divide the chamber into
respective sub-chambers at substantially diametrically op-
posite ends of the modulator, the modulator having there-
in a pump chamber cooperative with a pump rotor for dis-
placement of fluid through the pump chamber from an
inlet port to an outlet port communicating with the pump
chamber, the improvement which comprises: a reciproca-
ble valve plunger, said casing having a valve chamber
within which the valve plunger is reciprocable, respective
passages in the casing communicating with an intermedi-
ate portion of the valve chamber, a pressure passage com-
municating with one end portion of the valve chamber
and with the outlet port and impressing on one end por-
tion of the valve pressure from the pump and for supply-
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ing pressure through said respective passages under the
control of the valve plunger to said sub-chambers, addi-
tional passages leading from the valve chamber and com-
municating with said sub-chambers, a passage leading
from the inlet port to the opposite end portion of the
valve chamber for communication under the control of
the valve plunger with said additional passages, a spring
disposed between said opposite end portion of the valve
chamber and the adjacent end portion of the valve nor-
mally biasing the vaive toward said one end of the valve
chamber, said opposite end of the valve chamber having
a reduced diameter bore portion, a freely reciprocable
biasing plunger in said reduced diameter portion, a stem
on the valve adjacent to said biasing plunger and thrust-
ingly engageable by the biasing plunger, and a passage
leading into the inner end of said reduced diameter cham-
ber portion for supplying fluid under pressure behind said
biasing plunger to effect valve biasing thrust of said bias-
ing plunger against said stem supplemental to the bias
afforded by said spring.
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