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VARIABLE DELIVERY VANE-TYPE
HYDRAULIC PUMP

Neil Crane, Detroit, Mich., assignor, by direct and ;
mesne asswnments, to Eugene A. Casaroll, De-
treit, Mich., as trustee i

_ Application March 2, 1948, Serial No, 12,604

16 Claims,
1

The present invention relates to a hydrauli-
ca,lly balanced, varlable delivery, reversﬂole vane-
type hydraulic pump. .

A - preferred embodiment of the present in-
verition provides a symmetrical hydraulically
balanced pump comprising a vane carrying rotor
rotating between the spaced sidewalls of a sta-
tionary heusing and disposed to provide a pair
of annular pumping recesses formed between the
sides of the rotor and hoeusing, one on each axially
opposed ‘side of the rotor.  The rotor -is uni-
versally mounted relative to its drive means. to
permit piveting of the rotor’s axis of rotation
in .either direction about -an axis perpendicular
thersto. Thus the rotor is pivotal from a neutral
pos1t10n whereat the rotor is symmetrically dis-
posed equidistant from said spaced housing side-
walls, to .an -oblique. position, whereat diametri-
cally opposed portions of the rotor are tilted
toward . onie housmg sidewall and away from
another. ;

The vanes are equally spaced c1rcumfere1ﬂ-
tially and mounted on the rotor for relative
sliding movement fransverse to the direction of
rotation to permit said oblique tilting of the
axis of rotation.. The vanes project from. the
axially opposed sides of the rotor to partition
each pumping recess into a plurality of individual
flyid carrying pumping chambers.

Upon rotation of the rotor about an oblique
axis relative to said housing, the pumping cham-
bers within a semi-annular inlet portion of each
bumping recess gradually increase in volume and
thereby develop a'low pressure into which hy-
draulic fluid flows by way of inlet ports com-~
municating with said inlet portions. The en-
tering fluid is carried by the individua! pump-
ing chambers to a semi-annular discharge por-
tion of each pumping recess whereat the pump-
ing chambers gradually decrease in volume and
discharge the hydraulic fluid under pressure by
way of discharge. ports communicating with said
discharge portions.

By the arrangement described, each axially
opposed side of the rotor serves as an active
pumping element, the output of the pump being
dependent upon the rate of change of volume
of 'the pumping chambers as they rotate within
the pumping recesses. Thus the output of the
pump is variable or reversible merely by varying
or reversing the angle of the tilt of the axis of
rotation of the rotor relative to the housing, bui
without otherwise changing the direction. or
speed of rotation.

The torque resultlng from the hydrauhc in-
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let and discharge pressures exerted on the pors
tions of the. rotor bounding.thé pumping re-
cesses is counterbalanced in the present inven-
tion by porting said .inlet and discharge pres-
sures against portions of the rotor external to
the pumping recesses, so as to hydraulically bal-
ance the rotor for torqile about all axes other
than the axis of rotation,  thereby obviating
torque between the rotor and its drive means ex-
cept about the axis of rotation and permitting

a. “finger-tip”’ control over the mechanism for
varymg the rotor’s axis of rotation and rate and
direction of output.

Pripr . to the ‘present mventmn conventlonal
variable dehvery vane-type hydrauhc pumps
have utilized- a rotor and integral drive shaft
journaled in heavy, expenslve oversized" bear-
ings required to compensate for the thrust or
back pressure of the hydraulic fiuid on the rotor
In such constructions, the rotor itself frequently
comprised a “wobb]e plate” or eccentnc mem-
ber rotating so as to vary its axis of symmetry
constantly, thereby placing additional strains on
the rotor ‘shaft bearing' supports and rendenng
such pumps unfeas1ble for relatlvely large out-
puts. i

Another dlfﬁculty frequently encountered w1th
the -conventional variable delivery hydratilic
pump employing- slidable -vanes -carried ‘by. the
rotor is that cenfrifugal force ténds to throw
the vanes against stationary portions of ‘the rotor
housing, resulting in undue. friction and wear
between the vanes and housing, lowered opera-
tional efficiency ‘of the pump, and untimely Ieak-
age -of fluid by-passing the: vanes.

- Accordingly, 1mportant obJects of the present
invention are:

(1) To provide g -hydraulic- pump Wherem the .
axes of rotation and symmetry .of the rotor re~
main constant for umform dehvery of the pump;
and

(2) To provide a Van°~type pump having an
infinitely variable delivery characteristic within
the limits of the pump, wherein:the output.and
direction of operation of the pump -may be readily
varied by changing the axis of rotatlon :of the
rotor.

Other .objects :of the present mventmn are to
provide an improved, economically manufactured,
vane-type hydraulic pump having high operat~
ing eficiency characteristics wherein the rotor
is at all times maintained in hydraulic balance
regardless of its angle of rotation or the hy-
draulic .inlet -and. discharge = pressures acting
thereon; and wherein the rotor is floated freely
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relative to its drive shaft so as to substantially
eliminate torque on the drive shaft about all
axes other than the axis of rotation, thereby re-
ducing the initial and maintenance costs of the
pump and permitting the use of relatively in-
‘expensive light bearings to journal the drive
-shaft.

Another object of the present invention is to
provide a slidable vane-type pump wherein the
vanes rotating with the rotor are restrained
against centrifugal force by means rotating with
the rotor, thereby prolonging the operating effi-
ciency of the pump and avoiding a primary cause
of wear which otherwise results in conventional
vane-type pumps wherein the vanes are thrust
by centrifugal force against statlonary portions
of the pump housing.

Other objects of the present invention are to
provide 5 vane-type variable delivery hydraulic
pump which is completely reversible in its op-
eration; wherein the rotor may he operatively
rotated in either direction; wherein the hydrau-
lic inlet and outlet ports may be selectively re-
versed merely by changing the axis of rotation
of the rotor, without changing its direction of ro-
tation: and wherein the output of the pump is
readily infinitely variable between the limits of
maximum output in one direction, through zero
output, and maximum output in the reverse di-
rection, merely by changing. the axis of rotation
of the rotor and without otherwise changing its
speed or direction of rotation.

Other objects of this invention will appear in
the following description and appended claims,
reference being had to the accompanying draw-
ings forming a part of-this specification wherein
like reference characters designate correspond-
ing parts in the several views.

In the drawings:

Fig. 1 is essentially a vertical mid-section
through the drive shaft of a hydraulic pump em-
bodying the present invention. taken in the di-
rection of the arrows along the line {—{ in Fig. 2,
the rotor and integral pressure equalizing mem-
ber being shown in side elevation and tilted rela-
tive to the rotor housing to show portions of the
right sides thereof. ’

Fig. 2 is essentially a horizontal section through
the drive shaft, taken in the direction of the ar-
rows along the line 2—2 of Fig. 1, the rotor be-
ing rotated. slightly from its position shown in
Fig. 1 and the vanes being removed.

- Pig. 3 is a vertical section through the rotor,
taken in the direction of the arrows essentially

along the broken line 3-—3 of Fig. 1, the rotor be- -

ing shown in the central neutral position and
slightly rotated from the position of Fig. 1.

Pig. 4 is a vertical section taken in the direc-
tion of the arrows along the line 4—4 of Fig. 1,
the rotor being shown in the central neuiral po-
sition and slightly rotated from the position of
Fig. 1.

Fig. 5 is a reduced elevation of one of the forked
hydraulic bearings embodying the present in-
vention.

Pig. 6 is a reduced elevation showing the ro-
tor, together with the hydraulic bearings and
pivotal yoke for controlling the axis of rotation
of the rotor. The hydraulic bearings and yoke
are shown partially sectioned and displaced from
their assembled positions. - ‘The hydraulic bear-
ings are shown in phantom in their assembled

positions engaged with the pressure equahzmg
member.
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Fig. 7 is an elevation of the pivotal yoke taken
from the left end of Fig. 6.

Pig. 8 is a fragmentary section taken in the di-
rection of the arrows along the broken line 8—8
of PFig. 1, showing the eccentric means and pivo-
tal yoke for pivoting the hydraulic bearings.

Pig. 9'is a fragmentary elevation taken in the
direction of the arrows along the line 89—39 of Fig.
1 and showing the indexing means for selective-

i ly determining the axis of rotation of the rotor.

Fig. 10 is .a diagrammatic view indicating the
hydraulic pressure balance on the rotor.

Fig. 11 is a schematic section showing the sys-
tem of hydraulic inlet and discharge ducts and
the ducts for hydraulically balancing the rotor.

Before explaining the present invention in de-
tail, it is to be understood that the invention is
not limited in its application to the details of con~
struction and arrangement of parts illustrated in
the accompanying drawings, since the invention
is capable of other embodiments and of being
practiced or carried out in various ways. Also it
is to be understood that the phraseology or ter-
minology employed herein is for the purpose of
description and not of limitation.

A particular embodiment of the present inven-
tion is described by way of example in connec-
tion with the drawings. Figs. 1 and 2 show the
housing 206, having the large recess 28 for the
right and left rotor housing members 30 and 32
respectively. The recess 28 is enclosed by the end
cover 22 secured to the housing 20 by the plural-
ity of bolts 24 and lock washers 26. The housing
members 20, 30, and 32 provide the coaxial shaft
openings 34, 36 and 38 respectively for the rotat-
able drive shaft 40, its bearing supports, and the
rotor.

An annular reduced portion 42 of the opening
28, concentric with the shaft 48, is provided for
the shaft bearing 44 which rests against and is
prevented from leftward movement, Fig. 1, by the
shoulder 46 of the rotor housing member 32. The
reduced left end of the shaft 40 is journaled
within the bearing 44 and held against leftward
movement by the annular shoulder 48 of the
shaft 40, resting -against the inner race of the
bearing 44.

Communicating concentrically with the open-
ing 24 is the annular recess 5% provided for the
hydraulic pressure seal 52 around the shaft 490.
A similar and somewhat larger concentric an-
nular recess 98 is provided for the shaft bearing
88 which is spaced from the hydraulic seal 52
by the annhular spacer 62. The reduced right
end of the shaft 46 is journaled within the bear-
ing 50 and held in the assembled position against
movement to the right, Fig. 1, by the annular
shoulder 84 of the shaft 40. The bearing 69 is
held within the recess 58 by the end cover 66
which is secured to the housing 20 by the plurality
of bolts 1¢ and lock washers T2.

The walls of the openings 36 and 38 prov1de
the paired concentric spherical portions 74 and
16 respectively which provide bearing surfaces
for the paired spherical segments of the rotor
body 78. The latter is bounded between its right
and left parallel sidewalls 80 and 82 respectively,
Fig. 2, perpendicular to the rotor’s axis. Simi-
larly, the walls of the openings 36 and 38 provide
the paired concentric spherical portions 84 and
86 having only an operating clearance from the
segmental spherical surface of the annular vane
holder 88, which latter is integral and coaxial
with the rotor body 18. The vane holder 88 pro-
vides  the plurality of equally circumferentially
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-spaced radial slots 90 for ‘the plurality of thin
flat slidable vanes .92, which extend laterally
from opposite sides of the vane holder. 88 for
rotation within the paired annular pumping re-
cesses 931 and 93R formed between the sidewalls
of the rotor and stationary housing members on
the axially opposed left and right sides respec-
tively of the rotor.

The lateral proiecting portions of .each vane 92
essentiglly fills the cross sectional area of itspor-
tion of the pumping recesses 93L and 93R so
that the latter is partitioned into a plurality of
rotating pumping chambers bounded between ad-
jacent vanes and the surfaces of the rotor and
housing and adapted to carry hydraulic filuid
upon rotation of the roter. The adjacent sur-
faces between the vanes and the rotor and hous-
ing are accurately machined to conform :to-each
.other so as to minimize -fluid leakage from -the
individual pumping chambers. The oufer and
inner perirheral edge portions :of the vanes §2
are spherical to conform respectively fo the
spherical surfaces 84—88 and to the spherical
surface of the rotor body 78. The lateral ends
of the vanes 82 abut the parallel annular side-
wall portions 84 and 96, which are concentric
with and perpendicular to the axis of rotation
of the shaft 49 and are provided by the housing
members 38 and 32 respectively. The lateral
ends of the vanes 92 are also slightly convex so
as tomaintain a sliding contact at all times with
the said surfaces 94 and 8% 1e@a1dxess of the
angle of rotation of the rotor.

It is to be mnoted that the rotor in Migs. 2, 3
and 4 has been rotated slightly frem its posi-
tion .of Fig. 1. In Fig. 2 the section does not pass
through any of the vanes and the pumping re-
cesses 93L and $3R are clearly shown in section
at the upper left and lower right respectively of
the rotor.

The recesses within the members 38 and 32
for the spherical vane holding segment £8 are
continuous with the paired -annular recesses §$3
and 188, Fig. 2, provided for the pressure bal-
ancing member §82 comprising an annular disc
secured coaxially to the outer periphery of the
vane holder &8 for-votation therewith. The fotor
body 18, vane holding annulus 88, and ‘pressure
halancing member 82 are preferably secured to-

gether to complete a concentric and coaxial in- ;

tegral rotor unit. The body. 78 and annulus 88
may be suitably formed from a single element.
The vane slots $8 are then preferably milled, and
the member 182 is thereafter concentrically se-
cured to the annulus 88 so as to. hold the vanes
92 against centrifugal force which would other-
wise cause undue frictional- wear. between :tlie
stationary surfaces 84 and 82 and the outer pe~
ripheries of ‘the vanes 92.

The spacing between the parallel annuiar faces
94 and 96 is' somewhat greater than the width
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of the vane holder 88 to permit rotation-of the

rotor out of coaxial alignment with the shaft 48,
Figs. 1 and 2, thus forming the expanding and
contracting pumping chambers. As the axis of
rotation of the rotor is tilted out of coaxial:align-
ment with the shaft 48, the vanes 82 move slid-
ably within their slots 88 relative to the vane
carrier 88 to maintain their positions for rota-
tion within the said pumping .recesses. 931 and
83R essentially coaxially about the shaft 49,
Changing of the rotor’s axis of rotation relg-
tive to the axis of the drive shaft 45 is permitied
by a universal coupling best shown in PFigs. 2, 3
and 4. Within the rotor body 78, the shaft 49

70

75

, the upper portion of the latter.

6
provides an enlarged portion 104, Figs. 2 and 4,
having the two opposed parallel faces 106 paral-
lel  to the axis of the shaft 46. A pinhole 108
extends through the axis of the shaft 40 -and
receives the pin {16 which projects perpendicu~
larly through the opposed parallel faces 196 to
receive the paired rectangular caps 112 -at its
opposite ends. Each cap {12 provides the recess
{14 for its respective end of the pin 10 and also
provides the outer cylindrical surface 116, Fig. 2.
The latter allows adequate clearance between
the rotor and caps {12 when the axis of rotation
of the rofor is: at an angle to the axis of the
shaft 40. The rotor body 78 provides the central
axial bore {i8 of slightly larger diameter than
the diameter of the portion of the shaft 40 there-
in to permit tilting of the rotor body 18 relative
to the shaft 40. Driving engagement between
the rotor and shait 40 is effected by the lateral
sides of the pair of diametrically opposed slots
120, Fig. 3, extending axially of the bore 118.
‘BEach slot 120 is adapted to receive one of the caps

112 with the lateral sides of the slots 20 and

adjacent sides of the caps 112 providing bearing
surfaces for pivotal movement of the rotor about
an- axis perpendicular to the axes of both the
shaft 45 and the pin {10, and also providing a
driving contact hetween the rotor and shaft 40.
Tilting of the axis of rotation of the rotor
relative to the axis of rotation of the -shaft
40 is effected by the coaxial, pivotal, diametrically
opposed forked hydraulic hearings 122, Figs. 1
and 5, mounted ‘within the paired semi-cylindri-
cal openings {24 and {26 within the rotor housing
member. 38 and 32 respectively for pivoting about
the diametrical axis therebetween. Each bear-
ing 122 provides the slot {28 which receives the
pressure balancing member (22, the hydraulic
pressure balancing chamber 130 which extends
threugh the bearing 122 perpendicularly to the
slot 28, and the slotted cylindrical segmental
bosses or prongs 132 having the channel or slot
134 between them to receive one of each of the
pair of parallel arms i38 of the pivotal yoke {36,
Fig.-8. Thearms {38 extend along the two longi-
tudinal recesses #48 provided therefor within the
housing 28, above and below the rotor, Figs. 1,3
and 4, and also extend into their respective slots
134 at diametrically opposed positions above and
below the pressure balancing member 102 for
pivoting the bearings 122. The central part
of 'the\yoke 136 provides the lateral extensions
142 from which project the parallel arms 144,
Figs. 6 and 7, on opposite sides of the indexing

J ghaft 146, Figs. 2 and 8. The indexing shaft {46

is' rotatably mounted at opposite ends at 147
and 149 within the cover 22 and extends upward
within the recess 148 of the cover 22 and through
‘ ~An’cil seal-ring
{58 is. provided around the shaft 148 within the
upper journal {48. .

Within the cover 22 and communicating with
the recess {48 is the recess {54 for the cam {56
mounted eccentrically on the indexing shaft {46
and secured thereto by the pin 158 within the
pinhole {60 provided. by the shaft 146 and cam
156. - Rotation of the. indexing shaft {46 is
effected by the knurled disc 182 secured -to its
upper end by the nut i164. The knurled dise 152
provides the plurality of spaced semi-circularly
arranged indexing holes 86 and is selectively
held-in one of a plurality of indexed positions by
inserting the pin 168 through one of the indexing
holes 168-and into the pinhole {10 provided there-
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for within the upper surface of the housmg 20,
Figs. tand 9.

. It is -apparent from the structure shown that
as the shaft 148 and eccentric cam {85 are
rotated, the latter pivotally moves the arms (44
and 138 through an arc about the center of the
coaxial bearings . 122, Fig. 8, for pivoting the
latter. The pressure balancing member 1682
which  rides within the diametrically opposed
hydraulic bearing slots {28 is thus pivoted about
the axis of the bearings {22 to change the axis of
rotation of the rotor on its aforementioned uni-
versal coupling. The position of the zero indi-
cator {72, Fig. 9, shows the axis of rotation of
the rotor tilted o the limit in one direction rela-
tive to theé axis of the shaft 46. By rotating the
knurled knob 162 ninety degrees clockwise in Fig.
9 the rotor will be placed in the neutral or central
position in coaxial alignment with the shaft &G.
Upon continued clockwise rotation of the knurled
disc #82 through another 90°, the rotor will be
tilted to the limit of its movement in the opposite
direction from that shown in Figs. 1 and 2.

Hydraulic :fluid is supplied to and discharged
from the pumping recesses 33L and 93R by four
arcuate hydraulic ports, two on each axially op-

10
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25

posed side of the rotor and extended concentri- -

cally adjacent each pumping recess 93L and 93R
for communicating therewith, each arcuate port
being somewhat less than a semi-circle in length
and being symmetrically disposed relative to the
plane of the pivot axes of the bearings i22 and
shaft 4. These ports are best shown in Figs, 3
?nd 4 and include the arcuate ports 174L and

14R,
other and provided on opposite sides of the axis
of rotation of the shaft 48 within the housing
members 32 and 3% respectively, and also include
the arcuate ports 178L and (18R, in hydraulic
communication with each other and provided on
opposite sides of the axis of rotation of the shaft
40 within the housing meinbers 32 and 33 re-
spectively. The adjaceni ends of the arcuate
ports i74L and {18L, Fig. 4, and correspondingly
the adjacent ends of the arcuate ports {74R and
{16R, Fig. 3, are preferably circumferentially
spaced by a distance somewhat greater than the
circumferential spacing between adjacent vanes
82. Thus as each individual pumping chamber
between adjacent vanes 92 is carried from one of
the said arcuate ports to another by rotation of
the rotor, the pumping chamber will be complete-
1y shut off from the one port before opening to the
other port, Fig. 3.

The ports (781, ! 74R are in hydraulic commun-
ication with the condults f78L and IT8R respec~
tively, Figs. 3 and 4, which communicate with the
hydraulic port 180 at the exterior of the pump.
Similarly, the ports {T6L, 1T6R are in hydraulic
communication with each ofther by way of the
ducts {821 and 182R respectively, which commun-
icate to the exterior of the pump at the hydraulic
port 184.

Assuming for the sake of illustration that the
rotor is tilted as shown in Figs. 1 and 2 and that
the shaft 49 is rotating in the direction of the ar-
row 186, i. e.; clockwise as seen from the right end
in Fig. 2, the rotation of the rotor will be clock-
wise similarly, but around an axis at an angle {81
to the axis of rotation of the shaft 48. In this
situation, the individual pumping chambers be-
tween adjacent vanes 92 in the upper portion of
the pumping recess 93L and the lower portion of
the pumping recess 83R, i. e., in communication
with the arcuate ports IT4L and IT4R, gradually

in hydraulic communication with each

30
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. 8
increase in volume from minimum to maximum
as they pass over the said ports {74L and IT4R,
creating a suction in these pumping chambers to-
ward which the inlet hydraulic fluid flows from
the port {88 by way of the conduits {78L and 178R.

Similarly, the individual pumping chambers be-
tween adjacent vanes 92 in the lower portion of
the pumping recess 931: and the upper portion of
the pumping recess 93R, i. e., in communication
with the arcuate ports {16L and [T6R, gradually
decrease in volume from maximum to minimum
as they pass over the said ports 176L and [76R.
The fluid is thus forced out of these pumping
chambers and through the port 84 by way of the
conduits 182L and (8ZR.

Accordingly, with the rotor tilted as shown in
Pigs. 1 and 2, the upper portion of the pumping
recesses 93L: and the lower portion of the pump~
ing recess 93R, the arcuate ports 114L and IT4R, -
the conduits 178L and 178R, and the port 180, all

in communication with each other, become the

complete hydraulic inlet portion of the pump.
The lower portion of the pumping recess 93L and
the upper portion of the pumping recess 33R, the
ports (781 and 176R, the conduits 182L and 182R,
and the port 184, all in hydraulic communication
with each other, become the complete discharge
portions of the pump. It is apparent from the
structure shown that the hydraulic ports (80 and
184 may be interchangeably the inlet or outlet
ports, depending upon the direction in which the
axis of rotation of the rotor is pivoted relative to
the axis of the shaft 40. It is not necessary to re-
verse the direction of rotation in order to reverse
the direction of operation of the pump. Likewise,
it is apparent that the volume output of the pump
depends upon the rate of change of the volume of
the individual pumping chambers as they rotate
within the pumping recesses 93L and 93R, which
in turn depends upon the angle (87 between the
axes of rotation of the rotor and shaft 40.

The relatively low hydraulic pressure within
the inlet portions of the pumping recesses 93L and
83R and the relatively high hydraulic pressure
within the discharge portions of the pumping re-
cesses 931 and 92R exert a torque on the rotor
tending to rotate the latter about a horizontal
axis perpendicular to its axis of rotation. For ex-
ample, with the rotor tilted as shown and rotating .
in the aforesaid clockwise direction, the hydraulic
pressure within the discharge portions of -the
pumping recesses 93L and 93R tends to force the
lower portion of the rotor to the right and the
upper portion of the rotor to the left, Fig. 1.
Torque of comparatively smaller magnitude is
also exerted on the rotor as a result of the pres-
sure within the inlet portions of the pumping re-
cesses 93L and 93R. )

The above mentioned torques exerted on the
rotor during normal operation are counterbal-
anced in the present invention by means of the
diametrically opposed pressure balancing cham-
bers 138 within the forked bearings 122, each
communicating with axially opposed sides of the
The conduits
188L, and 188R, communicating with the ducts
1781 and 178R respectively, conduct fluid to the
pressure balancing chambers 138 at the lower
left and upper right -sides of the member 92 re-
spectively. -Similarly, the ducts 199L and {90R,
communicating with the ducts 182L and {32R
respectively, conduct fluid to the pressure balanc-
ing chambers (39 at the upper left and lower
right sides respectively of the member {02, Fig. 1.
Thus the arcuate ports i74L, 174R and the por-
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tions of the pressure equalizing chambers 13&:

at the lower left and upper right of the disc 182
are in hydraulic communication with each other
and at the same hydraulic pressure. Similarly,
the arcuate-ports {7181, {T6R and the portions
of the pressure:equalizing chambers (80 at the
lower right and upper left of the disc {62 are in
hydraulic communication with each other and
at the same hydraulic pressure.

The areas of the pressure halancing chambers
130 which open to the:opposite sides of the
member 102 are selected in consideration of their
distances from the center of the rotor so as to
completely balance the torque on the rotor re-
sulting from the hydraulic pressures within. the
pumping recesses 931 and 93R. The balaneing
of the pressures on the rotor is indicated in Pig.

10, which may be considered a schematic vertical.

section perpendicular to the axis of rotation of
the shaft 40. The port {i8L and the portion of
the chamber 130 opening to the left side of the
disc 102 are shown in solid lines. The port {16R
and the portion of the chamber {30 cpening to
the right'side of the disc 1982 are shown in dotted
lines. . 1521 and {92R represent the centers of
egravity of the areas A and Arer respectively
(indicated in the mathematical expressiocns be~
low) within the pumping recesses 93%. and IR
respectively and in. contact with the. surface
components of the rotor which are perpendicu-
lar to its axis of rotation and also in communica-
tion with the ports I76L and {T8R rasspectively.
The torque T resulting from hydraulic pres-
sure acting on the said areas Aiszn and Aisr for
which 19821, and 192R respectively represent the
centers of gravity, and tending to rotaie the
rotor about a horizontal axis perpendicular to
its axis of rotation, is given by the expression:

T'==P(A1927.D1941,+A1s2r. D19sr)

wherein P is the pressure on the areas Ao and
Aigor; and Diear, and Dior are the distances {941
and 194R respectively of the centers of gravity
1921, and 192R respectively from the axis of ro-
tation of ‘the rotor. By the symmetry ¢f con-
struction, dig2r.=A192r, and Disar=Digsr. Obvious-
1y, PA1o2rDioar, is the torque tending to force the
lower portion of the rotor to the right in Fig. 1.
PAisrDhosr is the: torque tending to force the
upper portion of the rotor to the left in Fig. 1.

The points {86R and 196L represent the
centers of gravity of the areas of the right side
of the lower pressure balancing chamber {38 and
the left side of the upper pressure balancing
chamber 130 in confact with the member {82.

The size and disposition of the chambers {38

are determined so that the following equah’mes
exist:

AssrDigsr=A1ear.Dioar,
and '

: A196LD198L—A192RDI94R

wherein Aissr and AusL are the areas for which
the points 186R and (96L respectively are the
centers of gravity; and Dissr and Disst are the
distances [98R and 198L respectively. Also by
the symmetry of construction,

Ager=A1er, and Digsr=Digsr

Since the lower right side and the upper left side
of the pressure halancing chambers 28, and the
areas. Aigor, and Amr-are in hydraulic communi-
cation with each other and at the same hydrau-
lic pressure, the torque on the rotor, resulting
from the hydraulic pressure within the pumping
_recesses 93L and 93R- and directed against the
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upper right. and: lower left sides of the roter ta
rofate -the latter about. a herizental axis perpens-
dicular to its axis of rotation, is counterbalanced.

Similarly, the torque on the rotor about the:
horizontal ‘axis perpendicular to its axis of ro-
tation and . resulting from hydraulic pressure
within the wpper and.lower portions respectively:
of the pumping recesses: 93L; and 93R and in hy~
draulic. communication with the arcuate ports.
{745 and (14R. is counterbalanced by communi--
céating the pressure within the ports (74L and
IT4R. to the portions: of the pressure balencing
chambers £30: at the upper right and lower left
sides: of the pressure balancing member {02,
“This symmetry of construction is. particularly de~
sirable as a feature permitting: reversal of the
pressure within the pump while maintaining the
rotor in. hydraulic. balance. -Obviously, by the
symmetiy of the construction, there is no terque
tending- to. rotate the votor about a vertical axis
perpendicular to: its: axis: of rotation. The cen-
ters. of gravity 92L; 192R and (96, 96R all -
lie ont 5, dizmeter parallel to the said vertieal axis.:
Fhus: every moment: of force on one side of the
vertical axis -is ‘counterbalanced by a corre-~
sponding moment of force on the other side
thereof. ’

It is also to be noted that the hydxauhc bal-
anecing of axially opposed peortions of the rotor
effected in the present invention by the pressuce
balancing chambers: 130 within the forked bear-
ings 122, provides a.simple and efficient hy-
draulic. bearing action for the said forked bear-
ings 122, which guides the retation of the rotar-
about an axis at a seleeted angle relative to the
axis of the drive shaft 40.

In order to relieve hydraulic: pressure whlch
may -occasionally--develop within various por-
tions of the pump housing as a result-of leakage
outside of the operating chambers or duets of
the pump, pressure relief ducts 200 and 202 with-
in the housing 20 communicate with the- ports
180~ and- 184 respectively, Fig. 2, and with, the

pressure relief valve-chambers 204 and 206 re-

spectively, which in turn. communieate respec-
tively with the ducts. 208 and 210: within. the
housing 20., ‘Ball valves 212 and 2i4- within the.
chambers 204 .and, 206 respecnvely are -seated
against the -epenings to. the ducts 203 and 210
respectively, and are resmently held- in; their
seated- positions by the arcuate heads of ‘the
plungers 216 -and 218 respectively, which in turn
are: spring-pressed -toward their respective ball
valves 212 and 24 by the coiled springs 220 and
222.  The ducts 224 and 226, partly within each

of the housing members 20 and 30, communi-

cate with the ducts 208 and 210 respectlvely and
with the right side of the cha.mber 98—i00: with-
i which. the rotor member £02 rotates. The left
side of the chamber 98—100 communicates with
the chamber (48 by way -of the ducts 228 and
230 within the rotor housing member 32.

The ends. of the ducts 200 and 202 removed
from the ports 189 and 184 are suitably, plugged
by the respective screw-threaded tapered plugs
246 and 242. Similarly, screw—threaded tapered
plugs 236 and 238 are provided to.close the ex-
terior ends of the valve chambers. 204 and 206
respectively. By sultably adjusting the fension
in the springs 220 and 222; the pressure ab which
the ball valves 212 and 214 open to. discharge
fluid.from the duets-208 and 210 may he readily
predetermined, which. pressure is preferably .ap-
proximately atmospherlc pressure or the Hy-
draulic inlet pressure. .The seated ba,ll valves
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212 and 214 serve as one way check valves fo.

prevent the hydraulic fluid at the discharge
pressure from entering ‘either-of the ducts 208
and 210, - -

© From the foregomg, 1t 1s beheved that the

operation of the pump of the present invention-

is readily apparent. We may assume the rota-
tion of the shaft 40 to be clockwise as indicated
in Figs.-1 and 2, although the pump is completely
reversible in every sense and performs equally
well regardless of the direction of rotation of
the shaft 40.. Upon rotation of the knurled knob
162 in one direction or the other, as for example
to the position .shown in the drawings, the ec-
centric cam 156 keyed to the shaft 148 pivots the

arms 144 of the yoke 136 about the pivot axis of
the rotatable hydraulic bearings 122 and there-~
by tilts the axis of rotation of ‘the rotor about
the vertical axis of the bearings 122 by virtue of
the forked engagement between the sides of the
slots (28 and the rotor member 102.

--The operation of the pump may be readily fol-
lowed by reference to the schematic plan of the

hydraulic system, Fig. 11, wherein. the rofor is
shown in the neutral position in-coaxial align-
ment with the shaft 40. In this. position, no
pressures are developed by the pump and.the
output is zero. - With the rotor tilted.as shown in
Figs. 1-and 2, the ports 180 and (84 become the
hydraulic inlet and discharge ports respectively.
The ducts 118L and IT8R, the arcuate ports (T4L
and 114R, and- the  pressure equalizing ducts
i88L; and i88R, are all in hydraulic communica-
tion and become the -complete inlet body of hy-
draulic fluid at the inlet ‘fluid pressure. The
complete discharge body of:-hydraulic fluid at
the hydraulic discharge pressure is contained
within the port 184, the conduits 182L and 182R,
the:arcuate ports 116L and {T6R, and the pres-
sure equalizing- ducts 1901 and {90R.

Considering first:the action within the pump-
ing recess 93R upon the aforesaid clockwise ro-
tation -of the rotor, hydraulic fluid enters the
individual pumping chambers which are exposed
to the arcuate port: {14R, Fig.-1. As each indi-
vidual pumping chamber on the right side of the
rotor -is-earried -across-the port 114R, the said
pumping chamber gradually inc¢reases. in volume
and creates’ a- partial vacuum therein toward
which hydraulic fluid flows from the arcuate port
{14R, duct {18R, and inlet port 180. - Upon con-
tinued rotation, the pumping chambers carry the
entrapped ‘fluid into the upper or discharge por-
tion of the pumping recess 93R and -across:the
arcuate port IT6R. As the pumping chambers
gradually rotate across the port-{16R, they grad-
ually decrease in volume and force the hydraulic
fluid: therein through the port 1T6R and out the
discharge port 184 via the duct 182R. In.a like
manner, hydraulic fluid is-conducted from the
inlet port-180 to the pumping chambers on the
left side of the rotor via the arcuate port- 1T4L
and is discharged through the arcuate port {T6L
to- the discharge port- 184.-

< As-may be readily observed in Fig. 11, assum-
ing-the rotor to be tilted as shown in Figs. 1 and
2, the inlet” pressure-on the lower right side of
the rotor in communication with the arcuate in-
et port {14R is counterbalanced by the inlef
pressure delivered to the lower pressure balanc-
ing chamber (30 on the left side of the member
102 via the duct 188L. The inlet pressure on the
upper left side of the rotor in communication
with the arcuate 1n1et port 1741, is counterbal-
anced by the inlet pressure communicated to-the
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upper pressure balancing chamber 130 ‘on the
right side of the member 102 via the duct 188R.
The hydraulic discharge pressure on:the lower
left side of the rotor in communication with the

arcuate discharge port 1781 is counterbalanced

by the discharge pressure conducted to the lower
pressure balancing chamber 130 on the right side
of the member {82 by way of the duct 180R. The
discharge pressure on the upper right side of the
rotor in communication with the-arcuate port
{76R is counterbalanced by the discharge pres-
sure conducted to the upper pressure balancing’
chamber 138 on the left side of the member 102
via the duct 196L. Thus the rofor is maintained
in hydraulic balance regardless of the angle of
its axis of rotation. Thrust beiween the rotor
member 82 and the forked bearings 122 is es-
sentially eliminated and pivoting of the axis of
rotation of the rotor is permitted without ap~
preciable effort. The output of the pump is
thereby readily varied or reversed in direction
without appreciable strain on the pumyp mecha~
nism, except for changes in the driving torque.
Since the rotor is floated freely relative fo the
drive shaft 40, the only apbreciable torque on
shaft 40 is about its axis of rotation. Accord-
ingly, the use of relatively small bearings 44 and
60 is permitted for journaling the shaft 48, in-
creasing both the operating economy and effi-
ciency of the pump.

The angle between the axis of rotation of the
rotor and the shaft 40 determines the rate of
volume variation of the pumping chambers upon
rotation of the rotor and thereby determines the
outpui of the pump. The pump will accordingly
be at its maximum output in one direction or
the other when tilted in either direction to the
maximum allowable tilt, and will have zero out~
put when the rotor is in coaxial alignment with
the shaft 48. Thus there is provided a balanced,
infinitely variable vane-type pump, which is ré-
versible as to inlet and discharge ports without
changing the direction of rotation of the drive
shaft 48. Inasmuch as the rotor rotates about a

. constant axis of symmetry for uniform output,

strains, which are ordinarily set up in the
wobble-plate type of pump or the type of pump
wherein the rotor is an integral part of the drive
shaft, are avoided in the present invention.:
Although the vanes 92 are slidable within
their slots 80, they are restrained by the inner
periphery of the member 182 from radial move-
ment resulting from centrifugal force. Thus
friction contact and wear between the vanes 92
and the stationary surfaces of the housing re-
sulting from centrifugal force is avoided. It fol-
lows as a corollary that leakage of hydraulic
fluid around the vanes within the pumping re-
cesses 931 and 83R, as a result of wear, is also
minimized, assuring optimum operating effi-
ciency throughout prolonged use. )
By the above disclosure, novel and 1n1portant
improvements have been provided in a vatriable
delivery reversible vane-type .hydraulic pump,
whereby the volume and direction of output may
be readily varied merely by tilting the axis of
rotation of the rotor, whereby an efficient and
economically maintained operation is achieved
with a. minimum of wear between the rotating-
vanes and stationary parts of the pump, whereby
simplified and -improved hydraulic' bearing
means are provided for tilting and maintaining
the axis of the rotor in a-preselected position,
and whereby the hydraulic:pressures exerted on
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the rotor during nermal operatmn are hydrauh-»
cally- counterbalanced

I claim: :

1. In a rotor type pump mcludmg a rotm hav-
ing an operative pumping portion and an: exter-
nal portion-and alse: including: a retor housing,
a pumping recess in said rotor housing, the
pumping portion of the rotor being rotatable
within said pumping recess, means to- counter~

balance forces on said rotor and including means is

to ‘conduct pressure from said recess against
portions of -said rotor ‘external to- said recess,
said: external portiens being spaced radially out-
wardly from the axis. of ‘retation: of said rotor
and also being spaced radially- eutvrardly frezn.
said pumping portion. :

2: In g pump having a retor operatlvely
mounted for changing the axis of rotation there-
of relative to stationary portiens of said pump,
said rotor having annular portions; meang to
change said axis of rotation and including piv-
obally mounted forked bearing means having the

annular portions of said roter disposed between

and slidable within the fork prongs.

~3. In a pump having a pumping recess formed
between a stationary housing and a roter, the
latter  being mounted for changing its: axis of
rotation, the combination of a forked hydraulic
bearing: means pivotally mounted - within- said
housing-and having portiens' of the roter  dis-
posed between the fork prongs and adapted: to
engage the same for pivoting the axis of rota-
tion of said roter; said-hydraulic bearing. means
including & hydraulic pressure balancing cham-

ber in hydraulic communieation with the pres- &

sure of said pumping recess-and epening against
portions of said reter.- -

4. In a variable delivery vsne—type hydra,uh«-
pump- having a stationary housing and a. rotor,
the combination of & pumping recess -having
spaced sidewalls: comprising - portions- of - said
housing and said rotor, hydraulic inlet and. dis-
charge ports communicating with separate por-
tions of said pumping recess, means. to carry
fiuid from one portion of said pumping recess to
aheother and including a plurality of vanes ex-
tending outwardly from: and carried. by said

rotor for rotation therewith within said:pumping -

recess and adapted for partitioning the latter
into a plurality of rotating pumping chambers,
said rotor being universally mounted for pivot-
ing its; axis-of rotation se that the velume’of said
pumping chambers becomes progressively larger
upon rotation within the portions of said pump~
ing recess in communication with said inlet port
and becomes progressively smaller upon rotation
within the portions of said pumping recess in
communication with .said . discharge port, said
vane being movably mounted on:said reter. to
conform to variations. in the:spacing between
the side walls of said housing and said rotor
effected by pivoting of the axis of rotation of
said rotor, means for selectively controlhng said
pivoting of the axis of rctation, and means ex-
ternal to said pumping recess fo counterbalance
operational pressures therein directed against
said rotor and including inlet and. discharge
pressure balancing chambers in hydraulic com-
munication with said inlet and discharge ports
respectively and opening against portions of said
rotor in opposition to the said operational pres-
sures within said pumping recess. . .

5. The combination as claimed in claim 4 and
being further characterized in that said rotor
provides a peripheral ‘pressure balancing mem-

14

ber secured thereto i concentricity with: the

axig of rotation thereef, and in tkat sgid- inlet

and: discharge pressure balanecing chambers open

against said- pressure balaneing member;
5 6. . The combination as claimed in claim 5 and
being further eharaeterized in that said means
for controlling the piveting of said rotor’s axis
of retation inelude & pair of diameirically op-
posed forked: hydraulic hearings, the: fork prongs
of each bearing -bheing engaged ‘with -opposed
sides of said pressure balancing member for piv-
oting thereof. upon. the pivoting of said’ forked
bearings; and.in. that said inles. and. discharge
prassure -balancing e¢hambers. are provided: with-
» insald.forks. :

7. The: combination as. claimed. in.claim 4 and
heing further characterized. in: that said means
for contrelling the pivoting of said rotor’s axis
of rotation include a. pair of diametrically op-

=iy posed pivotally mounted forked hearings having
porticns of said rotor disposed between and éen-
gaging the fork prongs thereof, and: in that the
said - inlet . and discharge pressure bhalancing
chambers are provided within said prongs.
8..In a variable delivery vane-type hydraulic
pump, the cembination of a stationary housing,
a rotor within said housing, an annular pumap-
ing recess on each of the. axislly oppesed: sides
of said rotor, each recess having spaced side-
59 walls; comprising portions of said housing and:
said. rotor, said housing and said rotor being
operatively mounted for tilting relative to each
other to provide inlet. and: discharge portions
-within each of said pumping recesses. wherein
the volume per unit circumferential distance
taken in the direction of ratation ef said rotor
becomes progressively . larger throughout each
inlet portion and: hecomes progressively smaller
throughout each discharge portion, hydraulic
v inlet and outlet conduits communicating with
each pumping recess at the inlet portions and
outlet portions thereof respectively, vane means
carried by said- rotor for moving fluid within
said ;pumping recesses from the inlet porticns
45 thereof to the discharge portions thereof, means
for confrolling the said relative tilting between
said: housing and rotor so as to selectively vary
the: pregressive. cireumferential volume variation:
within said pumping recesses, said rotor also
50 having portions. extending externally of the re-
cesses, and means to counterbalance operationdl
forces. on: said. rotor angd including pressure. bal-
anecing chamber means in hydraulic pressure
communication with said pumping recesses and
55 opening against. portions of said rotor external
to said recesses and in opposition to said forces.
-.9.. The combination as claimed in claim 8§ and
being further characterized in that said pres-
sure balancing chamber means include a.pair of
80 discl;arge. pressure halancing chambers, one of
each. being disposed to counterbalance torgue on
said. rotor perpendicular fo its axis of rotation
and: resulting from. the pressure within the dis-
charge portions of one of each of the said two
85 pumping. recesses, and a. pair of inlet pressure
balancing chambers, one of each being disposed
to counterbalance torque on said rotor perpein-
dicular to its axis of rotation and resulting from
the pressure within the inlet portions of one of
70 each of said two pumping recesses.

10. The combination as claimed in claim 8
and being further characterized in that said
means for controlling the relative tilting be-

- tween said housing and said rotor include a pair

b

73 of diametrically opposed pivotally mounted

2§
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forked bearitigs having the fork prongs engaged
with said rotor for pivoting thereof.

11. The combinavion as claimed in claim 10 and .

being further characterized in that said diamet-
rically opposed pivotally mounted forked bear-
ings are pivotal about the diametrical axis there-
between, each of said forked bearings provides a
pair of spaced forked prongs extending radially
inward to engage axially opposed sides of said
rotor for pivoting the latter about said diamet-
rical axis, said pressure balancing chamber means
include four pressure balancing chambers, one
pressure balancing chamber being provided by
each of the said four prongs engaged with said
rotor, two of said pressure balancing chambers
are in hydraulic pressure communication with
the discharge pressure of said pumping recesses,
the other two of said pressure balancing cham-
bers are in hydraulic pressure communication
with the inlet pressure of said pumping recesses.

12. The combination as claimed in claim 8 and
being further characterized in that said rofor
provides a peripheral pressure balancing member
secured thereto in concentricity with the axis
of rotation thereof, and in that said pressure
balancing chamber means open against portions
of said pressure balancing member.

13. In a variable delivery vane-type hydraulic
pump, the combination of a rotor housing having
internal sides, a rotor rotatable within said hous-
ing and having axially opposed sides, a pair of
pumping recesses formed between the axially
opposed sides of said rotor and the sides of said
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rotor housing, a plurality of spaced vanes car- -

ried by said rotor for rotation within said pump-
ing recesses and extending transverse to the di-
rection of rotation to partition each of said
pumping recesses into a plurality of pumping
chambers, said vanes being mounted on said rotor
for relative slidable movement transverse to its
direction of rotation, a drive means for said rotor,
a universal coupling between said drive means
and rotor to permit changing of the axis of rota-
tion of said rotor so that said pumping chambers
gradually decrease in volume while rotating with-
in one portion of each of said pumping recesses
and gradually increase in volume while rotating
within another portion of each of said pumping
recesses, means for selectively changing the axis
of rotation of said rotor, hydraulic inlet and dis-
charge conduits communicating with each of said
pumping recesses at the portions thereof whereas
the pumping chambers increase in size and de-
crease in size respectively, a peripherally dis-
posed pressure balancing member secured to said
rotor concentrically with its axis of rotation, a
plurality of pressure balancing chambers, each
chamber being in hydraulic communication with
either the discharge pressure or the inlet pressure
of said pumping recesses and opening against
selected portions of said pressure balancing mem-
ber to counterbalance said rotor against the cor-
responding inlet or diseharge pressure exerted on
said rotor within said pumping recesses.

14. The combination as claimed in claim 13 and
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being further characterized in that said miesns for
changing the axis of rotation of said rotor include
a pair of diametrically opposed pivotally mounted
forked bearings pivotal about the diametrical
axis therebetween, each of said forked bearings
having a pair of spaced forked prongs extending
radially inward to engage axially opposed sides
of said pressure balancing member for pivoting
said rotor about said diametrical axis, one of
each of said pressure balancing chambers being
provided by one of each of the said prongs en-
gaged with said pressure balancing member.

15. The combination as claimed in claim 14
and being further characterized in that the inner
periphery of said peripherally disposed pressure
balancing member engages portions of the outer
periphery of each of said vanes to resisi the cen~
trifugal force of said vanes.

16. In a variable delivery vane-type hydraulic
pump, the combination of a stationary housing,
a rotor mounted within said housing for selec-
tively pivoting its axis of rotation, a pumping re-
cess formed between said rotor and said housing,
means to carry fluid from one portion of said
pumping recess to another and including a plu-
rality of vanes carried by said rotor for rotation
therewith, and mounted thereon for partitioning
said pumping recess into a plurality of rotating
pumping chambers, said vanes being movably
mounted on said rotor to permit said selective
pivoting of its axis of rotation so that said pump-
ing chambers gradually decrease in volume while
rotating within one portion of said pumping re-
cess and gradually increase in volume while ro-
tating within another portion of said pumping
recess, an inlet port opening into the portion
of said pumping recess whereat said pumping
chambers increase in volume, an outlet port
opening from the portion of said pumping recess
whereat said pumping chambers decrease in
volume, and means to control the said selective
pivoting of the rotor’s axis of rotation, said means
for controllng the selective pivoting of the axis of
rotation of said rotor including a pivotally mount-
ed forked bearing having the forked prongs en-
gaged with opposite portions of said rotor for
pivoting the latter upon selective pivoting of said
forked bearing.

. NEIL CRANE.
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