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This invention relates to hydraulic units of the hydro 
static type and has particular reference to a device of 
this character having variable displacement and being 
capable of variation in displacement from a maximum 
positive displacement through neutral to a maximum neg 
ative displacement. 
As illustrated, the hydraulic unit consists of a pump of 

the vane type in which the vanes are slidable in a rotor 
and in contact with a flexible vane ring adapted to be 
distorted from its neutral circular position into an ellipse, 
Such distortion being arranged to take place selectively 
upon axes at right angles to one another through the cen 
ter of the ring. The distortion of the vane ring is accom 
plished by means of walking beams or rocker arms adapted 
to be actuated by means of hydraulic pressure to various 
positions for varying the displacement of the pump. 

In the illustrated example of the pump, two such rocker 
arms are provided approximately 180° apart, although 
additional rocker arms may be employed in the event 
additional pumping chambers are desired. In the example 
illustrated, all hydraulic loads are balanced about the 
periphery of the pump and no radial load is imposed upon 
the shaft, thus permitting the use of simple inexpensive 
bearings, while producing extremely, high pressures. 
An important object is to employ a flexible vane ring 

which in positions of extreme distortion causes the vane 
to contact the vane ring over a radius in the sealing areas 
between ports which represents a true radius from the 
center of the pump. Moreover, at the areas of sealing 
the vane ring is arranged so that no sliding action of the 
Vanes takes place and the vane ring is most heavily backed 
and reinforced for resistance against movement at such 
points. 

It is a further object to arrange the flexible vane ring 
and the inlet and outlet ports in such a manner that the 
vane ring is exposed both on its inside and outside diam 
eters to identical pressures in the port areas. 

It is a still further object to employ a rocker arm 
which with the housing constitutes a multiple chamber 
control member, the rocker arm being pivoted within the 
housing with the pivot point separating the control cham 
bers. The central portion of the rocker arm adjacent the 
vane ring is exposed to working pressure, tending to seat 
said rocker arm upon its pivot point and to balance the 
rocker arms, thus reducing to a minimum the force re 
quired to actuate the rocker and control distortion of the 
vane ring. 

It is a further object of the invention to provide a 
means for compensating for heavy pressures, which is 
self-adjusting and which compensates only to the extent 
required by the amount of pump chamber distortion tak 
ing place at a given instant. 

In the drawings, of which there are four sheets: 
Figure 1 is a longitudinal, sectional view through an 

embodiment of the invention taken on the radial planes 
of broken line 1-1 of Figure 6 so as to illustrate a pres 
sure port and a suction port. 
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Figure 2 is a vertical, transverse, sectional view taken 

Substantially upon a plane as indicated by the line 2-2 
of Figure 1. 

Figure 3 is a transverse, vertical, sectional view taken 
Substantially upon a plane as indicated by the line 3-3 
of Figure 1 and showing the compensating pockets. 

Figure 4 is an enlarged detailed view similar to Figure 
2 and illustrating in greater detail the operation of the 
pump and the means for adjusting displacement. 

Figure 5 is a graph illustrating the ratio of vane ring 
displacement as between minor and major axes of an ellipse. 

Figure 6 is a transverse vertical sectional view taken 
Substantially on a plane as indicated by the line 6-6 of 
Figure 1 and looking in the direction of the arrows. 

In the drawings, the pump is illustrated as comprising 
a body portion 10, which supports a drive shaft 12 in a 
plain or sleeve bearing 14, shaft 12 extending past the 
face 6 of the body portion 3 and being keyed at 18 to 
a rotor 26. Rotor 20 is provided with a series of radial 
slots 22 which breakthrough the periphery of the rotor 
and in which vanes 24 are fitted for radial sliding move 
ment. The outer ends of vanes 24 are rounded as at 26 
for sliding contact with the inside diameter 28 of a vane 
ring 30. 
Vane ring 38 comprises a metallic cylindrical element 

of the same dimension along the direction of the shaft 
as the rotor 20 and is housed within a pump housing 32, 
having approximately the same thickness as the thickness 
of the rotor 20. Manufacturing operations and good 
running clearance considerations require that the pump 
housing 32 be slightly thicker in a matter of a few thou 
Sandths of an inch than are the rotor. 20 or the vane 
ring 30. 
Vane ring 30, while of a uniform wall thickness, has 

thickened areas 34 in four locations spaced 90° apart 
circumferentially of the vane ring. These thickened areas 
34 serve a dual purpose; first, to provide a land which 
may be used as a pressure point for generally distorting 
the vane ring without producing a local deformation of 
the ring, and, Second, to provide a land which seats 
against shoulders 35 upon rocker arms 36 to prevent 
rotation of said vane ring. Thickened areas 34 also in 
sure that such areas upon the inside diameter of the vane 
ring as lie beneath such thickened areas will not partake 
of general distortion of the vane ring upon deflection 
thereof. This insures that no sliding motion of the vanes 
24 within the vane slots 22 will take place while the vanes 
are traveling across the inside diameter of the vane ring 
in the vicinity of the thickened areas 34, the vane ring 
being ground so that the inside diameter of the vane ring 
in such areas represents a true radius from the center 38 
of the pump shaft. 

General distortion of the vane ring, as previously 
noted, is accomplished by means of the rocker arms 36, 
each of which has a lug 49 positioned in a ground slot. 
42 in the pump housing 32. 

Since the distortion of a cylinder into an ellipse by 
imposing a load upon a diameter of the cylinder will 
result in a greater displacement along the axis of the 
load than along the axis at right angles thereto, accorn 
modation has to be made in the unit for backing up the 
vane ring upon the Suction side or at right angles to the 
loaded axis. 

Reference should be had to Figure 5, which comprises 
a graph showing on the vertical axis the amount of travel 
of a vane ring toward its center as it is loaded. On 
the horizontal ordinate the amount of vane ring travel 
away from the center is indicated. It will be noted that 
with a deflection toward the center of 0.10 inch, the 
vane ring travel upon the unstressed axis will be 0.085 
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inch. The vane ring travel toward the center of 0.10 
inch is the maximum for which this particular pump is 
designed and the vane ring travel away from the center of 
0.085 inch is the maximum of which the pump is capa 
ble. These travels are determined experimentally by 
distorting a tubular vane ring of this type and measuring 
the amount of distortion along both axes of the ellipse. 
To accommodate the disparity of movements upon the 
minor and major axes of the ellipse, bearing in mind that 
a reversal of the pump through a reversal of the major 
and minor axes of the ellipse requires different degrees 
of movement along such axes, it is necessary to construct 
the rocker arm 36 in such a fashion that these variances 
in movement can be accommodated. 
To this end the inwardly facing portion 44 of the slots 

42 in the pump housing 32 are ground upon a radius 
from the center 38 of the pump shaft 12. The outside 
radius of the rocker arm 36 upon lug 40 is ground at 
46 on a true radius from point P, determined geometrical 
ly as follows: measuring from the inside diameter of the 
vane ring in the normal or at rest position, when the 
vane ring is undistorted, toward the center in the bottom 
segment of the ring, the amount of desired vane ring 
travel toward the center, as illustrated in the lower por 
tion of Figure 4, and measuring then again from the 
normal position of the vane ring in the right hand seg 
ment to the desired amount of vane ring travel away 
from the center, produces a set of lines which intersect 
at point 48. A radius is drawn from point 48 to the cen 
ter point 38 of the shaft and this radius intersects at point 
P at center line 50 of the rocker arm 36. The point P 
will, of course, move from the location shown to a point 
X along the arc R as the rocker arm 36 is activated from 
the position shown to the reverse position of the pump. 
Again, in so moving from the point P to the point X 
the vane ring will be returned to neutral or cylindrical 
condition and then distorted in the reverse direction 
about the opposite axes to cause the pump to reverse its 
suction and pressure sides. 

Stationary Supports 51 upon housing 32 contact the 
outside diameter of the vane ring intermediate the rocker 
arms 36, such points on the vane ring being neutral and 
not partaking of the distortion of the vane ring when 
the displacement is altered, and serving to maintain the 
proper configuration and function of the vane ring. 
The ends 52 of the rocker arms 36 are adapted to 

contact the outside diameter of the heavy sections 34 
of the vane ring 30 and both are ground in the contact 
ing areas so as to maintain at least 50% of the facing 
area 54 and the external surface 56 of thickened lands 
34 in contact in any position of displacement of the 
vane ring. The extreme end surfaces 58 of the rocker 
arms 36 are ground on a radius from the point Y and 
are in constant contact with sealing blades 60, which are 
spring pressed into contact with the surface 58 to provide, 
with the pump housing, control chambers 68 and 70 sepa 
rated by lugs 40. 

In addition to the slot 42, the pump housing 32 is cut 
away generally as at 62 and 64 to receive the rocker arm 
36, the areas 64 being provided with lands 66 which 
Serve to limit the rocking movement of the arm 36. 
Arm 36 is accurately controlled in thickness so as to be 
precisely the same thickness as the thickness of the rotor 
20 and vane ring 30, thus preventing or inhibiting the 
leakage of hydraulic fluid past the arm. 
When no displacement demands are imposed upon the 

pump, equal pressures will exist within the area 68 and 
the area. 70 on opposite sides of the lug 46 upon rocker 
arm 36. Consequently, the outer extremities 52 of the 
arm 36 will stand at equal distances from the center 38 
of the pump shaft and no sliding movement of vanes 24 
will take place within the slots 22 of rotor 20 when 
rotated. Upon the demand for displacement or pres 
Sure, a valve mechanism (not shown) will induce the flow 
of control pressure to the area 68 and will induce the 
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4 
flow of suction pressure to the area 70, causing the rocker 
arm 36 to move to the position of deflection shown in 
Figure 4, in which the vertical axis of the vane ring is 
compressed and the horizontal axis of the vane ring is 
essentially released from pressure. Under conditions of 
maximum displacement the outer surface of the rocker 
arm 36 will contact stop 66 upon the horizontal axis. 
It should be understood that this same condition pre 
vails upon the rocker arm 36 upon the opposite side of 
the pump rotor. 

it will be seen that pressure ports are provided at 72 
and 76, whereas suction ports are provided at 74 and 
78. While the vane 24 is moving from the position 
indicated by center line 80 to the position indicated by 
the center line 82, it is being subjected to the maximum 
working pressure. Also across this area, porting between 
the pressure and suction ports takes place with at least 
one vane providing a seal against the escape of suction 
pressure across between the ports. It can consequently 
be understood that the maximum lateral loading exists 
upon the vane as it is in the porting or sealing position 
and is moving across the area between center lines 80 
and 82. 
From an examination of the drawings it will be noted 

that the vane is not compelled to slide within the slot 22 
While it is moving between these positions and a minimum 
of vane wear hence occurs at maximum loading. As 
each vane passes the center line 82, both sides of the 
Vane are exposed to suction pressure from the port 74 
and as the vane moves outwardly in the slot 22, follow 
ing the internal diameter 28 of the vane ring in the dis 
torted position shown in Figure 4, hydraulic fluid will 
be drawn from port 74 into the pumping chamber formed 
between the inside diameter of the vane ring, the out 
side diameter of the rotor 20, the side walls of the 
pump elements, and the vanes 24. 

Again, as each vane leaves the suction port 74, ap 
proximately as shown by the center line 84, it is sealed 
against Working pressure from the pressure port 76 by 
the next adjacent vane 24. When such next adjacent 
Vane 24 crosses the edge of the working pressure port 76 
at approximately the center line 86, the following vane 
will be exposed to working pressure and will in turn 
take up the function of sealing between working and 
Suction pressure in the area between center lines 84 
and 86. 

Also, it should be noted that the internal diameter 
28 of the vane ring between center lines 84 and 86 forms 
a true radius from the center 38 of the pump and, con 
sequently, while performing the sealing function and while 
exposed to maximum pressure differentials, the vanes 
24 are not required to perform any sliding movement 
Within slots 22. It should also be noted each of the 
Suction and pressure ports is vented both to the ex 
terior and interior of the vane ring so as to equalize 
pressures upon opposite sides of the vane ring and to 
avoid local undesirable distortions from this cause. 

This equalization of pressures on inside and outside 
diameters of the vane ring creates an area between the 
shoulders 35 of rocker arm 36 which is exposed to work 
ing pressure. Since this area extends equally on both 
sides of the center point Y of the lug 40, the working 
pressure tends to seat the rocker arm 36 in the slot 42. 
This balanced arrangement also makes it possible to im 
part control movement to the rocker arm with a mini 
mum force and eliminates the necessity for using sufficient 
force to overcome the working pressure in accomplish 
ing a change in displacement. 

Referring again to Figure 1, it will be seen that the 
Support housing 10 is provided with a plate 88 which is 
Secured at its outside edge between pump housing 32 and 
the Support housing 10, the support housing being re 
lieved toward the center of the shaft 12, as at 90, to 
permit the plate 88 to flex in the direction of the axis of 
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the shaft. Plate 88 is provided with segmental grooves 
92 in its surface next to the rotor 20, each such segmen 
tal groove having a circumferential extent equal to the 
corresponding working pressure segment of the pump un 
der normal conditions of displacement of the pump. 
Segmental grooves 92 are each joined by a drilled chan 
nel 94 to a kidney-shaped compensating area 96 in the 
Support i0 in which a seal 98, comprising an O ring, is 
located. 

These compensating areas operate as follows: Upon 
the occurrence of heavy pressures within the pumping 
chambers the plate 88 will deflect toward the left, as 
viewed in Figure 1. Such deflection will allow a por 
tion of the fluid under working pressure to escape to 
Ward the axis of the shaft 12 from the pumping cham 
ber and into the segmental grooves 92, whence such 
pressure will be conducted along the channels 94 into 
the compensating pockets 96. The more such leakage 
occurs, the greater the amount of fluid that will be 
trapped in the chambers 96 until they become filled and 
in turn produce a compensating pressure upon the plate 
88, whereupon plate 88 will be deflected toward the right 
sufficiently to compensate for the initial deflection and 
to reduce the leakage which otherwise might occur. 

It will be understood that this compensating action 
requires a very slight amount of fluid and results in re 
duction of running clearances between plate 88 and ro 
tor 20 and, consequently, between rotor 20 and end cap 
100. 
End cap 100 is secured by means of cap screws 102 to 

the shaft support 10, such cap screws passing through 
pump housing 32 and plate 88 to secure them firmly in 
position. End cap i00 is provided with an axial aper 
ture 104 which is internally threaded to receive a suc 
tion line and then in turn opens into radially disposed 
Suction channels 106 to conduct the fluid to suction ports 
74 and 78 (see Figure 6). 

Each pressure port 72 and 76 is connected through 
a channel 808 to an internally threaded outlet 110. 
These two outlets may be used for supplying fluid to 
different instrumentalities or may be joined externally 
of the pump. The surface 12 of the end cap i00 ad 
jacent to pump housing 32 and rotor 20 is provided with 
an annular groove 114 concentric with the center of the 
pump shaft 12. This groove is located on the circum 
ference formed by the inner end of the vane slots 22 and 
is adapted to carry away to the pressure exit ports via 
the channel 116 fluid subjected to pressure behind each 
vane within the vane slot. 

Since no compensating action occurs at the inside di 
ameter of the plate 88, any leakage of the pump will re 
sult in leakage toward the pump shaft where it will serve 
to lubricate bearing 14. Such leakage as does occur will 
be withdrawn toward the right along the pump shaft be 
tween the rotor and pump shaft by means of channel 
48, which is vented into suction inlet chamber 106. 

It will thus be seen that an hydraulic unit has been 
provided which accomplishes the objects set forth above. 

I claim: 
1. In a fluid pressure unit having a flexible normally 

cylindrical vane ring mounted in a working chamber of 
a housing and having a rotor coaxial with the ring and 
rotatably mounted in the chamber with a plurality of 
pumping vanes radially shiftably retained by the rotor 
and operatively engaging the ring, the improvement 
comprising a pair of rocker members disposed in said 
housing on opposite sides of the axis of the rotor and 
each having a pair of engagement areas engaging said 
ring at positions 90 apart, means oscillatably mounting 
said members in said housing, and means for actuating 
said members for shifting the respective engagement 
areas in opposite radial directions to deflect said ring 
elliptically along axes defined between diametrically op 
posite pairs of engagement areas whereby either of the 

6 
axes becomes a major elliptical axis while the other be 
comes a minor elliptical axis. 

2. A fluid pressure unit according to claim 1 wherein 
said means oscillatably mounting said members comprise 
a lug on each of said members intermediate the respec 
tive engagement areas and a pair of diametrically oppo 
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site fulcrums formed on said housing intermediate said 
elliptical axes and supporting the respective lugs. 

3. A fluid pressure unit according to claim 1 wherein 
said means oscillatably mounting said members comprise 
a pair of diametrically opposite fulcrums formed in said 
housing intermediate said elliptical axes and having op 
posed support faces formed as segments of cylinders co 
axial with said rotor, and a lug. on each of said mem 
bers intermediate the respective areas, each of said lugs 
having a segmental cylindrical surface engaging the re 
spective fulcrum support faces with the axis of each of 
said surfaces being parallel to the axis of the rotor and 
passing through a point determined by the intersection of 
the center line of the respective member with a radius 
of the rotor passing through a point determined by the 
intersection of tangents to the vane engaging surface of 
said ring taken at the major and minor elliptical axis 
points on the vane engaging surface. 

4. A fluid pressure unit according to claim 1 wherein 
integral Support ridges are formed on said housing and 
engage and Support said ring at four points equally 
Spaced between said elliptical axes whereby said vane 
ring is supported at each of said four points throughout 
all deflection of the ring. 

5. In a fluid pressure unit having a flexible normally 
cylindrical vane ring mounted in a working chamber of 
a housing and having a rotor coaxial with the ring and 
rotatably mounted in the chamber with a plurality of 
pumping vanes radially shiftably retained by the rotor 
and operatively engaging the ring, the improvement com 
prising ring deflecting means engaging said ring at four 
positions 90° apart, and means continuously supporting 
said ring at four neutral points respectively spaced be 
tween said four positions whereby said vane ring is sup 
ported at each of Said neutral points throughout all de 
flection of the ring. 

6. A fluid pressure unit according to claim 5 wherein 
said Supporting means comprise integral support ridges 
formed on said housing and engaging and supporting said 
ring at said four neutral points equally spaced between 
said four positions. 

7. In a fluid pressure unit having a flexible normally 
cylindrical vane ring mounted in a working chamber of 
a housing and having a rotor coaxial with the ring and 
rotatably mounted in the chamber with a plurality of 
pumping vanes radially shiftably retained by the rotor 
and operatively engaging the ring, the improvement com 
prising a pair of rocker members disposed in said hous 
ing on opposite sides of the axis of said rotor and each 
having a pair of arms with engagement areas engaging 
said ring at positions 90° apart, means oscillatably 
mounting said members in said housing, means for actu 
ating said members for shifting the respective engage 
ment areas in opposite radial directions to deflect said 
ring elliptically, fluid pressure inlet and outlet means 
communicating with said chamber between said rotor and 
said ring, said fluid pressure inlet and outlet means being 
located to apply equal pressure force against each arm 
of each of Said members to reduce the force required for actuating the members. 

8. In a fluid pressure unit having a flexible normally 
cylindrical vane ring mounted in a working chamber 
of a housing and having a rotor coaxial with the ring 
and rotatably mounted in the chamber with a plurality 
of pumping vanes radially shiftably retained by the 
rotor and operatively engaging the ring, the improvement 
comprising a pair of rocker members disposed in said 
housing on opposite sides of the axis of said rotor and 
each having a pair of arms with engagement areas en 
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gaging said ring at positions 90° apart, means oscillatably 
mounting said members in said housing, fluid pressure 
inlet and outlet means communicating with said cham 
ber between said rotor and said ring, and means for ap 
plying pressure force behind either pair of diametrically 
opposite arms of the respective members for moving the 
opposite pairs of engagement areas in opposite radial di 
rections to deflect said ring elliptically along axes defined 
between diametrically opposite pairs of engagement areas 
whereby either of the axes becomes a major elliptical 
axis while the other of the axes becomes a minor ellipti 
cal axis. 

9. In a fluid pressure unit having a flexible normally 
cylindrical vane ring mounted in a working chamber 
of a housing and having a rotor coaxial with the ring 
and rotatably mounted in the chamber with a plurality 
of pumping vanes radially shiftably retained by the rotor 
and operatively engaging the ring, the improvement com 
prising ring deflecting means engaging said ring at four 
positions 90° apart, said housing having a first end cap 
portion engaging one face of said rotor to close one 
side of said chamber, angularly spaced fluid pressure 
inlet and outlet ports formed in said one end cap portion 
and communicating with said chamber between said 
rotor and said ring, a deflectible pressure plate engaging 
the other face of said rotor to close the other side of 
said chamber, said housing having a second end cap por 
tion engaging said pressure plate in the side opposite to 
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said rotor, a segmental channel formed in said pressure 
plate radially adjacent said pressure outlet port and 
normally blocked by said pressure plate from communi 
cating with the outlet port, a recess formed in said sec 
ond end cap adjacent said pressure plate axially opposite 
said outlet port, and a passage connecting said channel 
and said recess, whereby said pressure plate is deflected 
away from said rotor by the fluid pressure adjacent said 
Outlet port to permit fluid pressure leakage to said chan 
nel and through said passage into said recess to deflect 
said pressure plate toward said rotor to reduce leakage. 
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