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VANE TYPE PUMP 

James B. Castle, In, 221 Park Way, Piedmont, Calif., and 
Eugene W. Pearson, Orinda, and Rolland A. Richard 
son, Alameda, Cali?; said Pearson and said Richardson 
assignors to Paci?c Industrial Manufacturing (10., Ala 
meda, Cali?, a corporation of California 

Filed June 12, 1961, Ser. No. 116,396 
3 Claims. (Cl. 103-120) 

Our invention relates to pumps and more particularly 
to a pump of the vane type. 
Among the objects of our invention are: 
(1) To provide a novel and improved vane type pump; 
(2) To provide a novel and improved vane pump of 

the type whose capacity may be varied; 
(3) To provide a novel and improved vane pump 

whose capacity is not only adjustable, but one capable of 
reversing the ?ow of liquid therethrough; 

(4) To provide a novel and improved vane type pump 
wherein frictional losses are minimized to the extent of 
substantially increasing the ef?ciency of the pump; 

(5) To provide a novel and improved vane type pump 
capable of operating at high speed and pressure; 

(6) To provide a novel and improved vane type pump 
in which the vanes are continually pressured radially at 
pump pressure, against a rotor peripheral bearing assem 
bly to minimize losses and permit increase of pump pres 
sure and operating speed; 

(7) To provide a novel and improved twin pump of 
the vane type; 

(8) To provide a novel and improved twin pump of 
the vane type, with both sections functioning simultane 
ously and each section capable of ful?lling all the pre 
ceding objects; 

(9) To provide a novel and improved reversible vari 
able displacement pump of the vane type; and 

(10) To provide a novel and improved twin pump of 
the vane type with each section capable of functioning as 
a reversible variable displacement pump. 

Additional objects of our invention Will be brought out 
in the following description of a preferred embodiment 
of the same, taken in conjunction with the accompanying 
drawings wherein: 

FIG. 1 is a view in section through a pump of the pres 
ent invention in the form of a twin pump; 

FIG. 2 is a view in section taken in the plane 2—-—2 of 
FIG. 1; 

FIG. 3 is a view in section taken in the plane 3-3 of 
FIG. 1; 

FIG. 4 is a view in section taken in the plane 4~—4 of 
FIG. 1; 

FIG. 5 is an end view of a porting rotor component of 
the pump of ‘FIG. 1; 

FIG. 6 is a fragmentary view of a valve detail depicted 
in phantom in FIG. 3; 

FIG. 7 is a fragmentary view in cross section of a 
modi?cation of the pump assembly of FIG. 1; 
FIG. 8 is a view through the embodiment of FIG. 7, 

taken in a plane corresponding to that of FIG. 2, but 
without the pump housing; and 

FIG. 9 is a view in section through the embodiment 
of FIG. 7, taken in a plane corresponding to that of 
FIG. 4. 

Referring to the drawings for details of our invention 
as illustrated therein, the same comprises a substantially 
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cylindrical pump housing 1 with a lateral enlargement 3, 
the housing having outer side walls 5 and 7, and a com 
mon partition wall 9, to provide twin housing chambers 
11, 13. The walls of the housing chambers de?ne con 
centric wall openings with centers on a common axis. 

Within each housing chamber is a pivot ring 15 of 
smaller outside diameter than the inner diameter of its 
housing chamber, to permit adjustable movement of the 
ring within such chamber. For such purpose, the ring is 
formed with a tapered peripheral boss 17 adapted to 
freely extend into the interior of the enlargement 3 of the 
housing chamber, the chamber walls and peripheral boss 
having aligned openings to receive a pivot pin 19 
whereby to permit pivotal movement of each pivot ring 
within its housing chamber. 
At a location diametrically opposite the pivot pin, each 

pivot ring is provided with a stem 21 preferably termi 
nating in a knob and extending into a common opening 
provided through the housing, said opening spanning 
both chambers and being framed by heavy ?ange 23. 
With each pivot ring so mounted, it is adapted to swing 
through a neutral position of coinciding diameters or 00 
inciding centers of the ring and housing. 
Each pivot ring, by its cylindrical internal wall, de?nes, 

in part, a pump chamber for a pump rotor assembly 31 
which is ?xedly mounted on a shaft 33 passing axially of 
the housing chambers, the rotor assemblies being separated 
from each other ‘by a shaft mounted spacer 35. 
Each such rotor assembly involves a disk or narrow 

cylinder 37 having an axial shaft passage and a key 39 
for keying the cylinder onto the shaft. 

Included in each rotor cylinder, are a plurality of sub 
stantially radial vane slots 41 and intake-discharge ?ow 
channels 43, both terminating in the periphery of the rotor 
cylinder 37 with the intake-discharge ?ow channels be 
tween the vane slots. ' 
A vane 47 is slidably positioned in each of the vane 

slots, the vanes at their outermost edges being adapted to 
engage slidable bearing means 51 encircling the outer 
edges of the vanes within the pump chamber de?ned by 
the associated pivot ring. 
Such slidable bearing means may take different forms, 

but in the preferred form of the invention, the same in 
cludes an outer race 53 snugly ?tting within the pump 
chamber de?ning surface of the pivot ring 15, an inner 
race 55 about the outermost edge of the vanes and engage 
able by the vanes, and a plurality of anti-friction bearing 
elements 59 between and in rolling contact with these 
races. 
Flow to and from each rotor is provided for by a port 

ing rot-or 61 which is a component of generally cylindrical 
form having an axial bore therethrough and provided 
with a key way for keying this component onto the pump 
shaft 33, with one end of the component engaging the 
proximate pump rotor. 

Longitudinally through the porting rotor are a plurality 
of flow passages‘ 63 corresponding in number to the num 
ber of intake-discharge channels 43 in the rotor cylin 
der 37, each passage ?ow connecting with one of such 
intake-discharge passages. 7 

When so keyed to the pump shaft, the porting rotor 61 
will rotate with the pump rotor assembly 31 while main 
taining intact, the ?ow connection between each of the 
porting rotor passages 63 and its associated rotor intake 
discharge channel 43. 
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To permit free rotation of the porting rotor, with re~ 
spect to adjacent or proximate stationary components of 
the pump assembly, it is journalled in a bearing assembly 
69 involving an inner race 79, the function of which may 
be taken over by the outer surface 71 of the porting rotor 
if desired; an outer surrounding race 73 and intermediate 
rotor bearing elements 75. 
The outer race 73 is supported within an overhanging 

lateral extension 79 of an end housing 81, which exten 
sion is provided with a laterally extending ?ange 83 to 
snugly ?t Within the proximate side opening of the pump, 
housing 1, with the end surface of the lateral extension 
of the end housing in abutment against the proximate 
side Wall of the pump housing. When so ?tted, each end 
housing‘81 may be bolted to the pump housing 1 by a 
plurality of bolts 87 passing through the end housing and 
threading into the side walls of the pump housing. By 
chamfering the enclosed edge of the pump housing and 
assembling an O-ring seal 91 under compression within 
the space thus provided, the joint between the pump 
housing and end housing may be sealed against leakage 
from within. 
Each end housing has an axial opening approximating 

the outside diameter of the adjacent end of the porting 
rotor, and at diametrically opposite locations, is provid 
ed an intake-discharge port 95 extending radially there 
through and fanning out as a groove 97 about the internal 
circumference of the end housing for a distance short of 
meeting the corresponding inner end groove of the op 
posite intake-discharge port. Each of these ports may 
function either as an intake or discharge port while the 
other functions in the opposite sense, depending upon the 
prevailing adjusted position of the pivot ring 15 with 
respect to its neutral position. 
To complete a flow connection between each of the in 

take-discharge ports 95 and the associated pump rotor 
assembly 31 by way of the intervening porting rotor 61, 
a port plate 101 is provided for assembly within the axial 
opening of the end housing. This port plate has an axial 
opening of greater diameter than the pump shaft, and is 
formed with upper and lower arcuate recesses 103 in the 
opposing sides thereof, such arcuate recesses spanning an 
angle corresponding substantially to that covered by the 
angular'spread of each of the intake-discharge ports at 
its inner end. The opposing recesses are inter-connected, 
preferably by a plurality of holes 105 with each of said 
holes exposed at the periphery of the port plate by a 
radial passage 107. 
The port plate is symmetrically retained in its as 

sembled position within the end housing by a single key 
109 positioned within aligned key Ways provided in both 
the port plate and the end housing. Such key prevents 
relative rotation of the port plate within its end housing, 
while Permitting substantially free ?oating adjustment of 
the port plate in the axial direction. 
Such ?oating adjustment is further made possible by 

the introduction of a spacer 111 on the motor shaft 33 
within the axial passage of the port plate, the spacer 
having a length slightly greater than the corresponding 
dimension of the port plate and is clamped between the 
adjacent porting rotor 61 and a balance plate 115 posi 
tioned on the shaft within the proximate end housing 81. 

The, balance plate 115 atthe drive motor end of the 
pump shaft, is retained by a shoulder 117 on the shaft, 
while at the remote end of the shaft, the associated 
balance plate is retained by a washer 121, the entire 
pump rotating portion of the pump assembly being main 
tained under heavy clamping pressure by a nut 123 
threaded onto the remote end of the shaft in engagement 
with this washer. , 
A motor bracket 125 bolted to the end housing at the 

motor end of the pump assembly, is adapted to support a 
drive motor 127, and at the same time provides for the 
installation of a shaft seal 129 and a seal 131 between 
the pump bracket and the proximate‘end‘ housing, both 
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seals functioning to preclude leakage from that end of 
the pump assembly. 
At the remote end of the pump assembly, an end cap 

135 engaging the proximate end housing and providing 
an enclosure for the clamping nut 123, is bolted to the 
aforementioned end housing by end bolts 137. An O-ring 
seal 139 between the end housing 81 and the end cap 
135 will respond to pressures within the end cap to seal 
off the joint between the end cap and the proximate end 
housing, to prevent leakage at this end of the pump as 
sembly. ' 

With a motor keyed to the shaft and energized, all 
pump assembly components keyed to the shaft or other 
wise clamped between the shoulder 117 adjacent the 
motor end of the shaft and the clamping nut 123 on the 
remote end, will rotate with the shaft. These components 
will include the pump rotor assemblies 31 and interven 
ing spacer 35, the porting rotors 61, the end spacers 111, 
and balance plates 115. With each of the pivot rings 15 
shifted to its mid or neutral position, that is, with its 
center coinciding with the center of the included rotor 
assembly, a condition of symmetry prevails, and all rotor 
chambers de?ned by the rotor vanes 47 in their extended 
positions, will be of the same capacity. Consequently, a 
condition of hydraulic balance will exist with respect to 
the associated intake-discharge ports 95 of the pump as 
sembly. Under these conditions, no pumping will occur. 
However, upon shifting the pivot ring to a position olf 

center with respect to the axis of the rotor, the rotor 
vanes may extend outwardly to a greater degree on one 
side of the rotor cylinder periphery and to a less extent 
on the diametrically opposite side. As the rotor rotates, 
such extended vanes will be forced inwardly to reduce 
the capacity of the chamber formed by such vanes while 
those previously occupying a position closer to the center 
of the rotor cylinder, will acquire room to move out 
wardly to enlarge the chambers between them. Under 
these conditions, as the rotor rotates, a condition of sub 
atmosphere pressure will be developed in the peripheral 
chambers of the rotor assembly as the chambers expand, 
in volume, and as the same chambers later begin to de 
crease in volume, that is when the vanes are forced in 
wardly of the rotor cylinder, the pressure upon the liquid 
in the chamber increases, such liquid being gradually 
exposed to those porting rotor passages in connection 
therewith and will discharge through such passages to the 
associated intake-discharge port, under which circum 
stances, that particular port becomes the discharge port 
for that section of the pump assembly, While the diamet 
rically opposite intake-discharge port will become the in 
take or suction end of that portion of the pump assembly. 
By shifting the pivoted ring from the aforementioned 

discussed position through its neutral position to a posi 
tion on the other side of the axis of the rotor, the condi 
tions will become reversed, and that port which previ 
ously functioned as the discharge port, will now become 
the intake or suction end of that section of the pump 
assembly, while the remaining port will become the dis 
charge port. 
The pressures at which the pump assembly will dis 

charge, will vary with the degree to which the pivotedv 
ring is adjusted beyond its neutral position, while of 
course, the direction of flow through the pump will de 
pend‘upon which side the neutral position the pivot ring 
has been shifted. 
Inasmuch as each of the pivot rings is capable of being 

shifted independently of the other, it follows that both 
sides of the pump assembly may function independently 
of one another, whereby the direction of how in each half 
of the pump assembly may be different, as well as the 
pressures developed. 
Inasmuch as the port plate by its very construction, 

permits both sides thereof to be exposed to the liquid in 
the pump, regardless of the pressure conditions, such plate 
will be hydraulically balanced and being free to ?oat 
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axially within the space alloted to it, very little friction 
and very little hydraulic drag can develop between this 
port plate and the rotating porting rotor 61 or balance 
plate 115 which are rotating relative thereto. 
For the pump assembly to function e?iciently, the pump 

vanes 47 must be exposed to an outward thrust to main 
tain the same in contact with the inner bearing ring 55 
of the bearing assembly surrounding each of the rotors. 
This we accomplish hydraulically by continually exposing 
the inner edges of the vanes to liquid at the prevailing 
discharge pressure of the associated pump section in 
which the vanes are located. 
Toward this end, each porting rotor 61 is provided with 

a circular groove 141 in that end facing the adjacent pump 
rotor, the diameter of the groove being such as to place 
the groove in line with the inner ends of the radial slots 
41 in which the rotor vanes are slidably disposed. EX 
tending longitudinally through each portiong rotor at and 
flow connecting the space 144 about the associated end 
spacer 111 with the circular groove 141 are preferably 
a plurality of passages 145. 
To assure liquid in this space about each end spacer 

111 at all times during pump operation, and at the dis 
charge pressure of the pump, so that the vanes will be 
exposed to a corresponding pressure forcing them out 
wardly, a radial passage 147 is drilled through the port 
plate at a point between the diametrically opposed arcu 
ate recesses 103 in such plate, and a cross-passage 149 
is provided intersecting this radial passage and terminat 
ing at each end in ?ow connection with one of the radial 
passages 167. This cross-passage 149 is formed with an 
intermediate section of enlarged diameter providing a 
valve chamber with a valve seat 151 at each end thereof. 

In this valve chamber is disposed a ball valve 153 
adapted to shuttle from one valve seat to the other, de 
pending upon the direction of pressure applied thereto. 
Thus, regardless of which of the arcuate recesses 103 
happens to be carrying the high pressure how of the 
pump, the prevailing low pressure side will be closed off 
by the ball valve 153 while the high pressure fluid will 
?nd access through the radial passage 147 to the space 
144 about the end spacer 111, from where the liquid may 
?ow through the porting rotor passages 145 and into the 
vane slots behind the innermost edges of the vanes. Con 
sequently, during operation of the pump assembly, all of 
the vanes will be maintained under continual hydraulic 
pressure driving them outwardly into pressure contact 
against the innermost race 55 of the surrounding bearing 
assembly 51 of the associated rotor assembly 31. With 
the vanes thus maintained in constant pressure against the 
inner race 55 of the surrounding bearing assembly 31, 
and with the inner race adapted to rotate freely with the 
included rotor assembly, it follows that a substantially 
leak tight ?t may be maintained between the rotor assem 
bly vanes 47 and the surrounding surface with essentially 
no frictional losses at the points of engagement. , 
Not only are such frictional losses essentially elim 

inated, but the bending stresses normally associated with 
frictional drag, which would normally occur in a conven 
tional construction where the vanes slide along a sur 
rounding ?xed surface, are also substantially reduced. 
All of which enable the pump assembly to function at 
materially higher pressures, with less losses, reduced 
stress and strains, and consequently with greater effi 
ciency. 
The adjustment of each of the pivot rings 15 may be 

accomplished manually, but we prefer to provide for 
hydraulic control of such adjustment whereby the adjust 
ment may be controlled automatically if desired, whereby 
such adjustment can be made to respond to changing con 
ditions in an associated hydraulic system. 
Toward this end, we provide two pairs of opposing 

cylinder bores 161 in the ?ange 23 surrounding the open 
ing in the pump housing 1, with each pair of opposing 
cylinder bores in line with the protruding stem 21 of one 
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6 
0f the pivot rings. In each of these cylinder bores is 
slidably disposed a hollow piston 163 having a closed end 
extension 165 adapted to engage the protruding stem. 
An O-ring groove 167 about each piston is adapted to 
receive an O-ring 169 to slidably seal the piston in its 
cylinder bore. 

Retention of the piston in its cylinder bore is effected 
by a cover plate 171 adapted to span adjacent cylinder 
bores, such plate being bolted to the flange 23 and pro 
vided with a threaded opening 173 to each cylinder for a 
pipe connection 175. 
A spring 177 behind each piston functions to maintain 

a light contact between its piston and the stem 21 when 
hydraulic pressures are removed. 
A cover plate 181 may be applied over the opening to 

the pump chambers as a protection to the pump assembly. 
As liquid under pressure enters one of the cylinders, 

it will serve to eifect an adjustment of the associated pivot 
ring 15 and a corresponding adjustment of the associated 
pump. A flow of liquid to the opposing control cylinder 
will effect an adjustment of the associated pump in the 
opposite sense. By such means, either of the pumps in 
volved in the twin pump arrangement illustrated and 
described may be adjusted independently of the other from 
a condition of maximum volume in the one direction 
through zero or neutral to maximum volume in the reverse 
direction. 

Drainage of liquid from the housing chambers 11, 13 
and associated spaces within the pump assembly is pro 
vided for by a pipe connection 185 leading from one or 
both of these chambers. 

In lieu of the bearing assembly 51 between the rotor 
assembly 31 and pivot ring 15, we can provide a bearing 
ring 191 preferably of bearing metal such as brass or 
bronze, which ring is hydraulically balanced by applying 
pump pressure about the outer surface thereof which will 
substantially balance the pressure prevailing at any time 
against the inner surface of the ring, thus, in effect ?oat 
ing the ring in oil or such other liquid being pumped. 
Toward this end, and with reference to FIGS. 7, 8 and 

'9 of the drawings, a pivot ring 193 similar to the pivot 
ring 15 of the ?rst embodiment, but differing in the in~ 
clusion of a ?tted bearing ring 194 of brass, bronze or 
like bearing metal, which ring is provided with diametri 
cally located grooves 195 in the inner peripheral surface, 
separated by short lands 197. Concentric with this 
grooved ring 194 is a rotor ring 198 which the vanes 47 
contact. Holes 199 through the ring 198, place the 
grooves 195 in communication with the proximate rotor 
chambers, whereby the pressures along the inner surface 
of the rotor ring will be substantially balanced by pres 
sures created at corresponding points along the outer sur 
face of this ring. The rotor ring thus is free to rotate, 
with the liquid as a lubricant, in response to the rotational 
movement of the rotor vanes, whereby rotor friction is 
reduced to a minimum. 

Utilizing a somewhat similar principle, the bearing as 
sembly 69 about each porting rotor 61, in the ?rst embodi- ‘ 
ment, may be replaced by a bearing ring 205 of suitable 
bearing metal such as brass or bronze, the ring being 
preferably press ?tted into position in its associated end 
housing 81. On the inner side of the bearing ring are 
diametrically located grooves 269 like those 195 in the 
gialring ring 194, and similarly separated by short lands 

Each of these grooves 2119 is placed in pressure com 
munication with that intake-discharge port 95 farthest 
removed therefrom, in the embodiment as illustrated, by 
appropriate passages 215 through the end housing and 
bearing ring and coupled by suitable pipe connections 217. 
With this arrangement, not only will the bearing ring 

205 be maintained adequately lubricated, but what is of 
great importance in a pump of this type, the unbalanced 
pressures normally developed in a vane type rotor, which 
may be of the order of several thousand pounds, will be 
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largely balanced by the application of the discharge pres 
sure of the pump assembly to the diametrically opposite 
side of each of the porting rotors, thus relieving the bear 
ing surfaces throughout the pump, of high unbalanced 
radial pressures to which they would otherwise be ex 
posed. . 

Such balancing pressures will vary in accordance with 
pressures developed in the rotors, and with reversal of 
liquid flow through a rotor assembly, a corresponding 
shift of the compensating pressure will take place at the 
associated bearing ring 295, for the intake-discharge port 
which previously functioned as an intake port will now 
function as the discharge port and build up a balancing 
pressure in the opposite groove of the associated bearing 
ring 205. Accordingly, the unbalanced pressures char 
acteristic of a positive displacement type pump will al 
ways be substantially balanccd, regardless of the mag 
nitude or direction of such pressures. 

It will be apparent from the foregoing, that our inven 
tion ful?lls all the objects thereof, and while we have il 
lustrated and described the same in considerable detail, 
the invention is subject to further alteration and modi?ca 
tion without departing from the underlying principles 
thereof, and the same, furthermore, is not restricted to a 
twin pump but may be embodied in a single pump struc< 
ture. 

Accordinwly, we do not desire to be limited in our pro 
tection to the details’ as illustrated and described except as 
may be necessitated by the appended claims. 
We claim: 
1. A reversible, variable, positive displacement pump 

comprising a housing having a cylindrical chamber and 
an opening therefrom through the wall of said housing; a 
pivot ring of smaller outside diameter than said housing 
chamber and having a pump chamber de?ned in part by 
a cylindrical internal wall, a pivot pin opening outside 
said pump chamber opposite said housing opening, and a 
stem of smaller cross-section than said housing opening, 
extending from said pivot ring and into said housing open 
ing; means pivotally securing said pivot ring in said hous 
ing with said ring adapted to swing through a neutral 
position of coinciding diameters; a shaft through said 
housing axially of said cylindrical housing chamber; a 
rotor on said shaft within said pump chamber, said rotor 
comprising a narrow cylinder having substantially radial 
vane slots in the periphery of said cylinder, intake-dis 
charge ?ow channels terminating in the periphery of said 
cylinder between said vane slots, and a vane slidably posi 
tioned in each of said vane slots; slidable bearing means 
interposed between said pivot ring and said rotor with the 
outermost edge of each vane adapted to engage said hear 
ing means to form peripheral chambers about said rotor; 
means providing for flow of liquid to and from said rotor, 
said means comprising a porting rotor keyed to said shaft 
with one end in effective engagement with said rotor, said 
porting rotor having a plurality of radial ports adjacent 

'its other end and corresponding in number to the pump 
rotor intake-discharge channels, a longitudinal passage 
connecting each of said radial ports with one of said in 
take-discharge channels of said rotor; an end housing en 
circling said porting rotor and a?ixed to an end of said 
pump housing, said end housing having a pair of diametri 
cally located radial openings opening to said porting rotor 
and in substantially the plane of said radial ports, where 
by, upon rotation of said porting rotor, each of said radial 
ports will alternately align itself with each of said radial 
openings in said end housing, to alternately take in liquid 
through one of said radial openings at low pressure and 
discharge the same through the other of said radial open 
ings at higher pressure; means for driving said pump; and 
means for selectively adjusting said pump rotor about 
said pivot from a position of maximum capacity of flow 
of said pump in one direction, through said neutral posi 
tion of coinciding diameters, to a position of maximum 
capacity flow of said pump in the reverse direction. 
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8 
2. A reversible, variable, positive displacement pump 

comprising a housing having a cylindrical chamber and an 
opening therefrom through the wall of said housing; 
a pivot ring of smaller outside diameter than said housing 
chamber and having a pump chamber de?ned in part by a 
cylindrical internal wall, a pivot pin opening outside said 
pump chamber opposite said housing opening, and a stem 
of smaller cross-section than said housing opening, extend 
ing from said pivot ring and into said housing opening; 
means pivotally securing said pivot ring in said housing 
with said ring adapted to swing through a neutral posi 
tion of coinciding diameters; a shaft through said housing 
axially of said cylindrical housing chamber; a rotor on said 
shaft within said pump chamber, said rotor comprising 
a narrow cylinder having substantially radial vane slots 
in the periphery of said cylinder, intake-discharge flow 
channels terminating in the periphery of said cylinder 
between said vane slots, and a vane slidably positioned in 
each of said vane slots; slidable bearing means interposed 
between said pivot ring and said rotor with the outermost 
edge of each vane adapted to engage said bearing means 
to form peripheral chambers about said rotor, means 
providing for ?ow of liquid to and from said rotor, said 
means comprising a portingvrotor keyed to said shaft 
with one end in effective engagement with said rotor, said 
porting rotor having a plurality of radial ports adjacent 
its other end and corresponding in number to the pump 
rotor intake-discharge channels, a longitudinal passage 
connecting each of said radial ports with one of said intake_ 
discharge channels of said rotor; an end housing encircling 
said porting rotor and af?xed to an end of said pump hous 
ing, said end housing having a pair of diametrically lo 
cated radial openings opening to said porting rotor and in 
substantially the plane of said radial ports, whereby, upon 
rotation of said porting rotor, each of said radial ports 
will alternately align itself with each of said radial 
openings in said end housing, to alternately take in liquid 
through one of said radial openings at low pressure and 
discharge the same through the other of said radial open 
ings at higher pressure; means for driving said pump; and 
means for selectively adjusting said pivot ring about said 
pivot from a position of maximum capacity of ?ow of 
said pump in one direction, through said neutral position 
of coinciding ‘diameters, to a position of maximum ca 
pacity ?ow of said pump in the reverse direction; said 
means including a cylinder to each side of said stem in 
spaced relationship thereto, a piston in each of said cylin 
ders and a push rod extending from said piston into contact 
with said stem, each of said cylinders having a liquid 
flow connection thereto behind the piston therein. 

3. In a pump assembly of the positive displacement 
type involving a shaft, and a rotatable assembly on said 
shaft including a rotor assembly wherein the radial pres_ 
sures developed are unbalanced and predominantly to one 
side of the shaft, means for reversing direction of liquid 
flow through said pump assembly with accompanying re 
versal of the location of said radial pressures about said 
shaft, a pair of intake-discharge ports, means for sub 
stantially balancing said radial pressures about said shaft 
regardless of the location of said radial pressures, said 
means including a bearing ring to each side of said rotor 
assembly and surrounding said shaft, each of said bearing 
rings, having a pair of similarly disposed grooves in the 
inner side thereof at diametrically located positions, means 
providing a liquid pressure connection from one of said 
intake-discharge ports, when functioning as a discharge 
port, to those corresponding grooves in said bearing rings 
which develop balancing hydraulic pressures under pre 
vailing operating conditions, and similar means providing 
a liquid pressure connection from the remaining intake— 
discharge port to the remaining groove in each of said 
bearing rings when said remaining intake-discharge port 
is functioning as a discharge port. 
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