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Patented Dec. 14, 1965 

3,223,044 
THREE AREA WANE TYPE FLUED PRESSURE 

ENERGY TRANSLATING DEVICES 
Cecil E. Adams and Gerald E. De Villers, Columbus, 

Ohio, assignors to American Brake Shoe Company, 
New York, N.Y., a corporation of Delaware 

Filed July 18, 1963, Ser. No. 296,017 
1. Claims. (C. 103-136) 

This invention is directed to improvements in fluid 
pressure energy translating devices of the vane type, and 
more specifically it relates to improvements in vane pumps 
or motors of the type which include hydraulic means for 
Vane control. 

Fluid pressure energy translating devices of the vane 
type include a rotary member or rotor having a plurality 
of radially movable vanes carried in slots equidistantly 
spaced around its periphery. These vanes engage the 
inner or cam surface of a fixed stator or cam ring which 
Surrounds the rotor. Inlet and outlet ports open at spaced 
positions into the area between the periphery of the rotor 
and the inner surface of the cam ring and are swept or 
traversed sequentially by the vanes as the rotor turns. 
Fluid is received at the inlet port and is transferred by the 
Vanes to the outlet port. Depending on whether the rotor 
is driven by a prime mover or whether the rotor is caused 
to be rotated by a greater pressure at the inlet port than 
at the outlet port, the device constitutes either a pump or 
motor. 
One object of this invention is to provide improved 

means for maintaining a fluid seal between the outer ends 
or edges of the vanes and the inner surface of the cam 
ring, to prevent or minimize fluid leakage from an area 
of higher pressure on one side of a vane to an area of 
lower pressure on the other side of the vane, and to main 
tain the outer ends of the vanes in sealing engagement 
with the inner Surface of the cam ring as the vanes and 
rotor rotate, regardless of irregularities in the contour or 
arcuateness of the cam ring surface and without undue 
Wear on the latter. 

It is another object of this invention to provide means 
in a fluid pressure energy translating device of the vane 
type having hydraulic means urging the vanes outwardly 
in their slots as set forth in the foregoing object in which 
fluid under pressure is fed to the hydraulic means through 
passageways which do not include rotary joints such, for 
example, as clearance gaps between the rotor and cheek 
plates or end blocks through which fluid under pressure 
can escape to reduce the volumetric efficiency, etc., of 
the device. 

It is another object of this invention to provide the fore 
going means in fluid pressure energy translating devices 
having three area type vane control. 

In vane type pumps and motors of the three area type 
fluid pressures act on three areas associated with each 
vane, and the forces resulting from these pressures co 
operate to urge each vane into engagement with the cam 
surface with a predetermined desired force. 
The pressure acting on two of the areas associated with 

each vane are substantially equal but act in opposite di 
rections, and the forces resulting from these pressures tend 
to counteract each other. The first area comprises a 
surface on the radially outer end of the vane and is sub 
jected to pressure which urges the vane inwardly in its 
slot. The second vane area is a vane area which is 
subjected to a pressure opposed to that acting on the 
first area, and urges the vane outwardly in its slot. 
The third area is also subjected to pressure which urges 

the vane outwardly in its slot. It is the pressure on this 
third area which, excepting centrifugal force, provides the 
controlling force urging the vane outwardly to effect a 
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2 
fluid seal between the outer end of the vane and the cam 
ring and to maintain the outer end of the vane in sealing 
engagement with the cam ring surface regardless of ir 
regularities in the contour or arcuateness of the cam ring 
Surface. 
The three area vane control principle is utilized to 

provide an outwardly directed force of predetermined de 
sired magnitude which is applied to each vane to obtain 
and maintain engagement between the vane and the cam 
ring Surface. By utilization of the three area vane con 
trol principle a predetermined force for urging or mov 
ing the vanes outwardly is obtained and this force can be 
obtained in devices wherein the vanes are urged outwardly 
by springs. 
The basic principles of the three area concept for con 

trolling vanes are taught in Cecil E. Adams et al. U.S. 
Patent No. 2,832,293 for “Vane Pump.” According to 
one form of a three area device as disclosed in the Adams 
et al. patent, there is associated with each vane a piston 
mounted in the rotor for sliding movement in the radial 
direction to engage the inner end of the vane. Fluid un 
der pressure for operating the several pistons is supplied 
through a channel or chamber in the rotor adjacent the 
operating shaft which in turn is fed through grooves 
formed in the cheek plate surfaces adjacent the rotor and 
leading from the high pressure zone. Because the fluid 
being fed to the rotor channel must pass from or through 
the cheek plates across the clearance gaps between the ro 
tor and cheek plate, considerable quantities of fluid and 
pressure can escape through the clearance gaps. This loss 
reduces the overall efficiency of the device. 

Prior to this invention, no satisfactory means had been 
known for Supplying fluid under pressure to the third 
area means from which excessive amounts of fluid could 
not leak or otherwise escape. As previously suggested, 
one object of this invention includes the provision of a 
pump or motor including the three area vane control 
principle in which the passageway means through which 
fluid under pressure is supplied to the third area means is 
contained wholly within the rotating assembly including 
the rotor body and is not exposed to leakage paths (such 
as the mentioned clearance gaps) from which leakage 
of high pressure fluid from the high pressure fluid pas 
SageWay can occur. 
The further objects and advantages of the present in 

vention will be apparent from the following description, 
reference being made to the accompanying drawings 
wherein a preferred embodiment of the invention is dis 
closed. 

In the drawings: 
FIGURE 1 is a vertical longitudinal or axial sectional 

view of a three-area vane type fluid pressure energy trans 
lating device including the invention; 
FIGURE 2 is a view in section taken on line 2-2 of 

FIGURE 1 and showing the relative positions of the 
ports; 
FIGURE 3 is a view in section taken on line 3-3 of 

FIGURE 2 showing particularly the arrangement of the 
suction or inlet ports; 
FIGURE 4 is a view in elevation of the movable head, 

port plate, or cheek plate of the device seen in FIGURE 
1, the view showing particularly the fluid ports and pas 
sageways therein; 
FIGURE 5 is a view in elevation of the end cap or 

block of the device seen in FIGURE 1, the view showing 
particularly the fluid ports and passageway therein; 
FIGURE 6 is a transverse section of a rotor and stator 

assembly showing a second embodiment of the invention; 
FIGURE 6A is a view taken on line 6A-6A of FIG 

URE 6B; 
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FIGURE 6B is a view taken on line 6B-6B of FIG 
URE 6 but on a larger scale; 
FIGURE 7 is an axial section through a rotor assembly 

showing still another embodiment of the invention; and 
FIGURE 8 is a view in section of a part of a rotor; 

cam ring, vane and piston element, the assembly having 
springs positioned between the rotor and a vane there 
in, and having means loosely connecting the pin and the 
vane, and also illustrating a different from of seal means 
for the rotor. 
The invention described and claimed herein is ap 

plicable to vane type fluid pressure energy translating 
devices broadly, including pumps and motors of the 
three area type as well as of other types which include 
hydraulic means for holding the vanes outwardly, and 
although the invention is described herein primarily in 
relation to a three area pump, the invention is not to be 
interpreted as being so limited. 
The pump illustrated in FIGURES 1-5 of the drawings 

includes a body, casing or housing formed by a casting or 
body section 20 having a generally cylindrical hollow 
interior and an end cap or block 21 having a cylindrical 
boss 22 which telescopes into the open end of the body 
20 and is sealed thereto by an O-ring 23 received in a 
groove in the body 20. The end cap 21 is secured to the 
body 20 by four screws, one of which is seen in FIGURE 
1, and may be rotated to and secured in any one of four 
angular positions with respect to the body 20. By this 
arrangement the relative radial or rotated positions of an 
inlet, low pressure or suction port 24 in the body 20 and 
a high pressure, exhaust or outlet port 25 in the end cap 

; 21 may be changed with respect to one another. 
The end wall 26 of the body 20 opposite the cap 21 

includes a bore through which the pump operating shaft 
27 extends. Shaft. 27 is supported for rotation in this 
bore by a ball bearing 28 which is secured against axial 
movement in the bore by a flange 29 on the casting and 
a snap ring 30 which is received in a groove' in the bore. 
The end of the shaft 27 which is within the housing is 
carried for rotation in a needle type roller bearing 31 
mated within a central bore or recess in the end cap 21. 

Boss 22 of the end cap 21 is finished to form a fiat cheek 
or port plate surface' which abuts a flat end surface of 
a cam ring 32. It may be mentioned here that the casing 
or housing and the cam ring are frequently termed in 
the art as the stator, and frequently the cam ring perse is 
termed the stator. It will therefore be understood that 
the term "stator' as employed in the claims hereof is to 
be construed as meaning the combination of the housing 
and the cam ring, the cam ring itself, or the equivalent 
elements in any unit wherein the housing and stator are 
made integral as is sometimes done in the art. 
The fluid intake port 24 extends radially inward and 

communicates with a pair of internal annular grooves 
or channels 37, 38 formed within the body 20, as shown 
in FIGURE 1, which encircle the internal cavity within 
the body. The channels 37, 38 distribute fluid from the 
intake port 24 to pumping spaces to be described. The 
cam ring 32 is supported radially by an annular rib 40 
formed in the body 20 between the channels 37, 38. 
The cam ring 32 encircles or encompasses a rotor 42 

which is mounted upon the shaft 27 for relative axial 
movement through a relatively loose splined joint con 
nection which will allow proper running alignment be 
tween the rotor and the adjacent cheek plates. The width 
of rotor 42 is no greater than and is preferably of the 
order of .0015 inch less than the axial dimension of the 
cam ring 32 in order that it may rotate without undue 
friction against the surface of boss 22 on one side and 
the face of a floating cheek plate 43, which will be de 
scribed in detail hereinafter, on the other side. The rotor 
42 is provided with a plurality of radially extending vane 
slots in each of which there is a vane 45. Each vane 45 
is urged radially outwardly against the inner surface 46 
of cam ring 32 by means to be described. 
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4. 
The cam ring 32 has a cylindrical external Surface, 

and its interior surface 46 provides a balanced type con 
struction in which there are diametrically opposite pairs 
of low pressure, suction or inlet zones, 47, fluid transfer 
zones 48, high pressure or exhaust zones 49, and Sealing 
zones 50 (see FIG. 2). In order to provide these op 
posed pairs of zones, the interior or cam surface 46 of 
cam ring 32 is formed in part upon two arcs 51 of equal 
radii struck from the axis of shaft 27, which extend across 
the transfer zones 48, and two arcs 52 of shorter radii 
than the first mentioned arcs and which extend across 
the sealing zones 50. The arcs 52 are substantially or 
nearly tangent to the rotor 42. The arcs 51 and 52 are 
connected by camportions or surfaces 53 and 54, which 
extend across the low pressure zones 47 and high pres 
sure zones 49 respectively. 
The cheek plate 43 is finished to a smooth flat surface 

58 on the side thereof which abuts the cam ring 32, 
and is provided with a central bore 59 surrounded by a 
cylindrical boss 61 which extends to the bore in the end 
wall 26 of the body 20 and is sealed thereto by an O 
ring 62 contained in a groove in the body. The central 
bore in the cheek plate 43 receives an oil seal 63 which 
engages the shaft 27 and prevents the loss of fluid to the 
outside of the body or housing of the pump, and which 
also prevents the entrance of air into the interior of the 
body. The radially outermost cylindrical peripheral sur 
face of cheek plate 43 is sealed to the body 20 by means 
of an O-ring 65. 
The cheek plate 43 is urged axially toward the rotor 

42 by the action of fluid pressure directed from fluid 
discharge ports within the pump through passageways 66 
and 82 to an annular space or pressure chamber 68 
formed between the body and the outer face of the 
cheek plate. The cheek plate 43 functions in the nature 
of an axially movable, non-rotatable piston under the 

- pressure supplied by fluid in chamber 68. 
Pins 70. (FIGURE 2) extend into bores formed in the 

cam ring 32, the end cap 21, and the cheek plate 43. 
The pins 70 in their respective bores function to align 
these elements when the pump is being assembled and 
to prevent rotation of the cheek plate 43 during opera 
tion. The pins 70 and their bores are so arranged that the 
cam ring 32 may be held between the end cap 21 and 
the cheek plate 43 in either of two positions separated 
by 90 in angular relation, one providing for clockwise 
rotation of the shaft 27 and the other providing for its 
counterclockwise rotation. 
When the pump is operating, fluid flows from the in 

let or suction port 24, through the grooves 37, 38 and 
circumferentially around the cam ring 32 to two ports 
spaced 180° apart, at which the fluid flows axially and 
around the cam ring 32 and enters inlet or suction ports 
72 formed in cheek plate 43 and inlet or suction ports 
73 formed in the end cap 21 (see FIG. 3). The ports 
72 and 73 are axially aligned and are identical in shape. 
Each pair of ports 72, 73 opens into a suction zone 47 
adjacent a cam portion 53 of the cam ring 32 when the 
cam ring is in the position shown in FIGURE 2 of the 
drawings. When the cam ring is rotated 90° to provide 
for the reverse rotation of the shaft 27, the pressure 
Zones 49 become the suction zones and the ports 72 and 
73 open into them. The ports 72 and 73 each join 
radially inwardly extending passages which terminate in 
axially aligned ports 74. The ports 74 communicate with 
the inner ends 86 of the vane slots in the rotor 42 as 
the slots pass the ports 74. 
As shown in FIGURES 1 and 3 the end cap 21 includes 

two crescent-shaped high pressure or exhaust ports 76 
which are spaced 180° apart and at 90° with respect to 
each of the inlet or 'suction ports 73. Similarly, high 
pressure ports 77 are formed in the cheek plate 43, also 
of crescent shape and axially aligned with the ports 76 
in the end cap. Ports 76 and 77 open into the pressure 
Zones 49 adjacent the cam portions 54 of cam ring 32. 
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Each of the ports 76 and 77 also includes a radial inward 
extension which terminates in a port 78 that communi 
cates with the inner ends 86 of the vane slots in the 
rotor 42 as the slots pass ports 76 and 77. The ports 
76 and 77 are connected with the exhaust, high pressure 
or outlet port 25 by a passageway 79 in the end cap 21. 
The large intake port 24 provides for free, unthrottled 

flow of fluid into the two annular channels 37, 38 from 
which fluid flows with equal freedom around the oppo 
site sides of the cam ring through the two pairs of intake 
ports 72 and 73, so that the pump is enabled to operate 
at a high volumetric rate without cavitation. 
With reference to FIGURE 2, it will be noted that the 

cam surface 46 comes into close proximity to the rotor 
42 in the two diametrically opposed arcuate Sealing Zones 
50 in which the cam surface has a substantially constant 
radial spacing from the rotor. At the inlet ports 72 and 
73, the cam surface 46 progressively recedes from the 
rotor periphery in the direction of vane movement. In 
the transfer zones 48, the cam surface 46 also has a sub 
stantially constant radial spacing from the rotor, and ad 
jacent the high pressure ports 76 and 77, the cam surface 
46 progressively approaches the rotor, until it again 
comes into close proximity to the rotor in the sealing 
zones 50. Thus, fluid is drawn into the spaces or fluid 
transfer pockets between the successive vanes as those 
spaces become larger when the vanes move through low 
pressure zones 47, and it is displaced positively as those 
spaces contract when the vanes move through high pres 
sure zones 49, to effect a pumping action. 
The cheek plate 43 is provided with radial or trans 

verse passageways 82 which communicate between the 
high pressure port 77 formed in the cheek plate and the 
axial passageways 66 formed therein. Through these 
passageways 82 and 66 fluid at the outlet pressure of the 
pump is conducted to the chamber 68 on the outer side 
of the cheek plate whereby a fluid force acts on the cheek 
plate to hold it in sealing engagement with the cam ring 
32. Such floating cheek plates are known in the art, and 
do not comprise a part of this invention. Their use is 
preferable, but not absolutely necessary in devices incor 
porating the principles of this invention. 
To effect an efficient pumping action, it is necessary 

to maintain continuous engagement of the vanes 45 with 
the cam surface 46, regardless of changes in the arcuate 
ness of the cam surface due to manufacturing irregul 
larities. Discontinuities in the engagement of the indi 
vidual vanes with the cam surface 46, or intermittent sep 
aration of the vanes from the cam surface 46, are not 
only a cause of inefficient pumping but can cause serious 
premature wear on the pumping structure. Specifically, 
any slight radially outward irregularity in contour 
throughout the lengths of the arcs 5 or 52 which define 
the transfer zones 48 and sealing zones 50 may cause 
separation between the tip of a vane in those sections 
and the cam surface 46, permitting leakage of fluid from 
one circumferential side of the vane to the other, unless 
the vane is urged outwardly with sufficient force to over 
come any sticking or friction in its slot whereby it will 
remain in engagement with the cam ring. 
With reference to FIGURE 2, for example, at the rotor 

position shown, each of the vanes 45" is exposed to high 
pressure on its forward face and low pressure on its trail 
ing face. This pressure unbalance in the circumferential 
direction tends to lock the vane 45' in its slot, and a large 
radial force is required to move the vane against the 
cam surface 46 at that position should the contour of 
the cam ring change even in a very small degree. How 
ever, unless there is sealing between the edge of vane 
45' and cam surface 46, fluid at high pressure on the for 
ward side of the vane will “blow' over the vane into the 
zone of low pressure on its opposite side, thereby disturb 
ing the intake flow of fluid at the suction port and in the 
suction zone 40 and reducing volumetric efficiency. 
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6 
Moreover, the operation of the pump will be excessively 
or undesirably noisy. 
To prevent these effects, it is essential that when any 

vane is moving through a transfer Zone 48, it be urged 
outwardly with sufficient force to maintain engagement 
of its outer edge with the cam surface 46 regardless of 
cam surface irregularities. However, when a vane is 
moving across a pressure port 76, 77, i.e. when its edge 
is moving on the cam surface 54, it is progressively 
moved inwardly and is not then subjected to a substantial 
pressure differential in the circumferential direction re 
quiring tight sealing against the cam surface. Hence, the 
outward force required to maintain a vane in engagement 
with the cam surface as the vane moves through the 
transfer zones may be excessive if applied to the vane 
as it moves on cam surface 54, and can cause excessive 
wear on both the vanes and on the co-acting cam ring 
Structure. 
As shown in FIGURES 1-3, in a preferred embodi 

ment of the invention each of the vanes 45 is provided 
with grooves 84 which are formed between its side faces 
along opposite sides and outer ends of the vane. These 
grooves 84 insure that the fluid pressures acting on the 
exposed radially opposed end surfaces of the vane will 
be substantially equal at all times, pressure on the upper 
end of the vane being reflected through the grooves 84 
into the enlarged rounded inner end 86 of the vane slot. 
One or more radial bores 88 is formed in the rotor 42 

at the inner end of each vane slot. The bores 88 com 
municate at their inner ends with an annular passageway 
or groove 89 which extends completely around the rotor 
42, and which is sealed with respect to the shaft 27 so 
that fluid can flow either into or out of passageway 89 
only through the bores 88. 

Passageway 89 can conveniently be sealed by a hollow 
cylindrical sleeve 90 which is sealingly pressed into a 
recess in the rotor bore. Power is transferred by a spline 
connection to shaft 27 as at 91. By this passageway 89 
the inner ends of the bores 88 are in constant fluid com 
munication, and are at the pressure of fluid in passage 
way 89. 

In each bore 88 there is provided a tubular piston 
valve element 92 which is generally cylindrical and which 
includes an internal bore 93. Each valve element 92 is 
slidable in its bore 88 but is closely fitted thereto so that 
leakage of fluid along the walls of the element 92 is 
minimal. The outer end of each piston element 92 is 
relieved or conically tapered as at 94, and forms a valve 
with the flat inner end 95 of the vane 45 which regulates 
the admission of fluid to bores 88 and passageway 89. 
As previously mentioned, there may be one or more pis 
tons 92 provided to act on each vane, each residing in a 
bore formed in the rotor and communicating with a 
passageway 89. The length of valve element 92 is such 
as to permit it to move into and out of engagement with 
the flat surface 95 of the vane 45. 

In the operation of the pump the valve elements 92 
function in the manner of check valves. Whenever, the 
preSSure at the inner end 86 of a given vane slot, which 
preSSure acts upon the outer end of the valve element 92, 
exceeds sufficiently the pressure in passageway 89 acting 
on the inner end of the valve element 92 to urge the ele 
ment toward the vane, valve element 92 is moved in 
wardly in its bore 88, opening the valve 94, 95 so that 
fluid in the vane slot flows inwardly to the passageway 
89 to restore, maintain or increase the pressure in passage 
way 89. This action can occur whenever the vane slot 
registers or connects with a high pressure zone such as 
a Zone 49-78 adjacent a pressure port 78. The pressure 
at the pressure zones 49-78 is usually the highest in the 
pump and the pressure in the passageway 89 is usually 
lower by some amount than the pressure in the ports 78. 
By the above described action of the piston valve 

elements 92, the pressure in passageway 89 is maintained 
substantially constant for any given pressure at the pres 
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sure ports 78. When a given vane is aligned with a suc 
tion port 74, the pressure in passageway 89 exceeds the 
pressure at the outer end of the element 92 associated 
with that vane, and the element is held against the bottom 
95 of the vane to close valve "94, 95, and fluid cannot 
escape throughbore 93. When a vane is moving across 
a suction zone '47 and/or a transfer zone 48 the pressure 
at the inner and outer end of the vane is less than the 
pressure within the passageway 89 and the bore 93 in the 
piston valve 92 and therefore the pressure of the fluid 
acting on the inner end of the piston valve and the area. 
on the inner end of the vane defined within the bore 93 
urges the vane outwardly into positive engagement with 
the cam ring. 
From the foregoing it will be seen that third area means 

associated with each vane are provided which are adapted 
to be exposed to fluid under pressure to urge the vanes 
outwardly, and that these means are interconnected by 
means including the passageway 89. The interconnecting 
passageway means include a portion in the form of the 
vane slot ends 86 which register or connect with a high 
pressure zone 49-78 as they rotate past the pressure port 
as the rotor rotates, and the valves 94, 95 open to admit 
pressure through these passageway means to the piston 
elements from the pressure port. 

Excepting when a vane is at a pressure zone 49-78, 
force for holding a vane outward is supplied by pressure 
acting on the end area of the element 92 and on the vane 
in the bore 93 which together constitute a third area 
means. This force varies with the pressure difference at 
opposite ends of each element 92, which in turn varies 
with the position of the vane in relation to the Suction 
and pressure ports. 
The pressure differential, which acts on the piston valve 

elements 92 tending to hold them against the inner ends 
of the vanes is affected by the area of the relieved end 
portion 94 of the piston element, and by centrifugal force 
as a result of the speed of the rotor. 

It should be noted that two or more piston valve ele 
ments 92 may be used to apply greater force to each 
vane to apply a larger radial force to the vane. 
One important advantage afforded by the construction 

shown in FIGURES 1 and 2 is that the valves 94, 95 
are speed responsive; that is, they automatically reduce 
fluid force applied to the third area as speed of rotor 
rotation increases so as to offset increasing centrifugal 
force acting on the vanes. The centrifugal force acts on 
the elements 92 and adds to the fluid force tending to 
close the valves 94, 95; the greater the speed of rotation 
of the rotor, the greater the centrifugal component of 
total force tending to close the valves 94, 95. This 
greater mechanical valve closing force requires a greater 
pressure differential to open the valves 94, 95, with the 
result that the pressure in passageway 89 is relatively 
reduced at higher operating speeds and the fluid force 
component of the total force acting on the valve elements 
92 is thereby reduced. Centrifugal force being greater 
at higher speeds of operation, there is no need for as high 
a fluid force to be applied to the elements 92, and this 
mode of "action tends to limit excessive forces acting on 
the vanes at high speeds of operation. 
We recognize that fluid pressure operated piston means 

have previously been used to apply fluid force to hold 
vanes in contact with the cam ring. Such means are 
shown in Adams et al. Patent No. 2,832,293. However, 
in the three area structure disclosed in that patent, there 
is no valving action controlling admittance of pressure 
to operate the pistons. Also, fluid is introduced into 
the chamber at the inner ends of the pistons across clear 
ance gaps between the rotor and cheek plates on each 
side. A certain quantity of fluid is thereby inevitably 
lost in supplying fluid under pressure from the high pres 
Sure port to operate the pistons. In contrast, in the pres 
ent construction, the passageway 89 is not pressurized 
across a clearance gap or the like, and an important-cause 
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8 
of fluid leakage is thereby obviated. In addition, the 
third area force applied by the structure of the Adams 
et al. patent increases with speed, whereas in the embodi 
ment described the effect is the opposite. 
Those skilled in the art will realize that the particular 

construction shown in FIGURES 1, 2, and 3 of the draw 
ings is not the only practical way of incorporating the 
principles of this invention in a pressure energy trans 
lating device. Byway of example, other practical con 
structions are shown in FIGURES6 and 7. 

In the construction shown in FIGURES 1-5 the piston 
valve elements 92 are mounted in bores in the rotor and 
form poppet type check valves with the inner ends of 
the vanes. Fluid under pressure for all the third area 
means is distributed to them through an annular conduit 
:at the inner ends of the valve elements. The vane ele 
ments shown are of the “double-lip' type wherein two 
sealing surfaces, defined by the groove 84 which extends 
across the top and on the side ends of the vanes, can 
sengage the cam surface. It is to be understood that the 
vanes do not need to be of the "double-lip' type described, 
but that any type of pressure balanced vane may be em 
ployed. 

In FIGURES 6, 6A and 6B there is shown structure 
which differs from that previously described and which 
also includes the features of the invention. In this em 
bodiment the vanes are of the single-lip type and the 
third area means or vale elements are slidably mounted 
in the vanes rather than in the rotor. In this construc 
tion, each valve element forms a valve at its inner end 
with the inner end of the vane slot. Fluid for operating 
the third area means is supplied through bores in the 
rotor between the fluid transfer pockets and the inner 
ends of the vane slots. The effective third area on which 
fluid pressure acts to hold the vane outwardly is in the 
Vane opposite a valve element therein and it is equal in 
area to the peripheral cross-sectional area of the valve 
element. As seen in FIGS. 6A and 6B this third area is 
'contained within a pressure chamber formed by a pocket 
in the vane, the side walls of the vane slot in the rotor 
and the valve element. w 

In FIGURE 6, the camring or stator 105 has a cam 
- Surface 106 which is of the configuration previously 
described. The rotor 107 is connected to a shaft 108, and 
has vane slots 110 formed therein and equally spaced 
around its periphery. 

It may be mentioned here that the rotor 107, as herein 
shown, is assembled from a pair of identical elements 
113 and 114 welded together along the line 117. 

Each vane slot 110 is enlarged at its inner end as at 
Fi, and has a generally flat bottom surface 112 which 
forms a valve with valve elements, as will be described. 
Diagonal bores 15 communicate between the periphery 
16 of the rotor and the chambers 111 of the vane slots. 

Through these bores 115 the pressure in each chamber 
1A1 is balanced with that in the fluid transfer pocket 
with which the particular bore 115 communicates. 
The Vanes 119 mounted in the vane slots 110 are of 

the single-lip type, each vane having a single surface 
or lip 120 which engages the cam surface 106. Vanes 
having a single cam-ring engaging lip are well known, 
and may be used in the practice of this invention in any 
of the various alternative constructions described herein. 

Each vane S19 is movable radially in its slot 110 and 
is fitted closely thereto so as to minimize loss of fluid 
along the sides of the vane to the periphery of the rotor. 
Each vane has a chamber 122 formed centrally in it, 
the radially outermost surface of this chamber 122 in 
cluding the third area of the vane to which fluid pressure 
is applied, as will be explained. The chambers 122 of 
the Vanes are interconnected by a passageway 123 (FIG. 
6) formed entirely within the rotor, so that the preSSure 
in all of the chambers 122 is substantially equal at all 
times. As indicated, the diagonal bores 115 do not inter 
Sect the passageway 123. Thus, the passageway 123 will 
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be fed by the bores 115 when they pass the pressure ports 
as the rotor rotates. 
At its inner end, leading to the chamber 122, each 

vane 119 has a slot in which a hollow rectangular valve 
element 124 is slidably sealingly received. The element 
124 contains a stepped central bore 125 the upper end 
of which opens into the chamber 22 in the vane. At 
the lower end of the valve element 24 a reduced flat end 
surface 126 at the end of a tapered portion forms a valve 
with the flat surface 112 of the inner end 111 of the 
vane slot 10. 

In the operation of the construction shown in FIG 
URES 6, 6A, and 6B, each vane is pressure balanced 
over the exposed portions of its inner and outer surfaces 
by pressure since they are connected through bore 115. 
This pressure also acts on the valve element 124 and 
tends to lift it from the surface 112. When the lifting 
force applied by this pressure to the valve element 124 
exceeds the forces which tend to close the valve 112, 26, 
the valve element is moved outwardly, opening the valve 
12, 126, permitting fluid to flow through bore 125 to 
chamber 22 and into interconnecting passageway 123. 
Thus, since one or more of the vanes is always in a pres 
Sure Zone adjacent a pressure port 27, fluid at high pres 
sure is applied through the bore 115 which is then in 
the pressure zone, a valve 112, 126, passageway 125 into 
chamber 122, and to the passageway 23 and then to 
chamber 122 of every vane, thereby resiliently maintain 
ing the vanes not in a pressure zone in sealing engagement 
with the cam surface 106. This sealing engagement is 
particularly important while the vanes traverse the trans 
fer zones between the suction and pressure ports. When 
the pressure in chamber 11 is less than that in chamber 
122, as is the case when the vane is in a transfer zone 
or a suction zone, the pressure in chamber 122 holds, the 
check valve 2, 126 closed thereby preventing the escape 
of fluid from passageway 123. Springs 129 in the bores 
125 tend to hold the valves 112, 126 closed against the 
centrifugal force which acts on them as the rotor rotates. 

It will be seen that the construction shown in FIG 
URES 6, 6A and 6B, like that described in FIGURES 
1-5, includes means adapted to be exposed to pressure to 
urge the vanes outwardly, passageways interconnecting 
such means including portions rotating past the pressure 
port, and that escape or loss of pressure in such passage 
way means to zones of lower pressure is prevented by 
valve means which open only to admit pressure from the 
pressure zones and which are closed at all other times. 
The rotor assembly shown in FIGURE 7 illustrates 

still another type of rotor, vane and valve element con 
struction. The rotor 130 is assembled from a splined 
central portion 130a which is pressed into an outer por 
tion 130 b and interlocked therewith by a dowel pin 132. 
A groove 133 is formed on the inner surface of rotor 
portion 130b, and this groove is closed by the central 
portion 130a. A plurality of radial bores 134 open at 
their inner ends into this groove 133, and each bore 134 
slidably receives a spool-type valve element 135. 
The spool valve element 135 has grooves 136 formed 

on its side surface which do not extend the full length of 
the element. These grooves 136 defined spool-type 
valves with groove 133 for governing the admission of 
fluid from the inner ends 137 of the vane slots to groove 
133. The outer end of valve element 135 abuts the inner 
end 140 of the vane 141 and applies thereto the force 
created by the fluid pressure in groove or interconnecting 
passageway 133 acting on the inner end of the element 
135. Thus, it will be seen that the operation of this 
piston valve element is generally similar to that described 
in relation to FIGURES 1-5, except that the valve, rather 
than being a poppet valve, is a spool valve. Ordinarily, 
in pumps equipped with hydraulic means for vane con 
trol there is no need for vane control springs, although 
they may be used. However, if the fluid pressure trans 
lating device is to be used as a motor, fluid pressure to 
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10 
actuate the vane control means may not be supplied if 
the vanes are not initially in contact with the cam ring, 
since the fluid may simply bypass across the vane tips di 
rectly from the pressure port to the discharge port. To 
establish initial contact of the vane with the cam ring 
in order to eliminate this possibility, it is desirable to use 
springs in combination with the third area actuating 
means. Also, in a motor, while the vanes traverse the 
pressure inlet port the vanes must move radially out 
ward and the vane control surfaces are substantially in 
hydraulic balance, the springs will supply the necessary 
outward force to keep the vane tips in contact with the 
cam ring until the vanes pass beyond the pressure inlet 
Zone, at which time the hydraulic vane control will pro 
vide additional force to assist the springs in maintaining 
the Vanes in Sealing engagement with the cam ring. 
FIGURE 8 shows a fragment of an assembly similar 

to that seen in FIGS. 1-5 in which a pair of springs 143 
are included for this purpose. The springs are received 
at one end in the rotor 146, and are received at their 
other ends in bores 144 in the vane 147. The bores 144 
in the vanes 147 may be extended through the vanes to 
the upper end 148 thereof, in order to provide for equal 
izing pressure on the upper end of the vane with the pres 
Sure in the inner end 149 of the vane slot. Springs for 
this purpose may also be employed in any embodiment 
of this invention, including that shown in FIGS. 1 through 
5. Although not illustrated, when the device is used as a 
motor, it may be desirable also to provide spring means 
for lightly urging the valve elements in an outward di 
rection to cause them to follow the vanes closely as they 
stroke outward when traversing the pressure inlet port. 

It may also be desirable to connect the piston valve 
means with the vane as exemplarized in FIG. 8 wherein 
one end of the piston valve 150 extends into a T-shaped 
slot 151 formed in the vane 147. The T-shaped slot pro 
vides oppositely disposed lips 152 which extend and fit 
loosely into a groove 153 in and adjacent the end 154 of 
the piston valve 150. The end 154 of the piston valve 
150 cooperates with a surface 155 within the T-shaped 
slot to provide the necessary check valve. It will, of 
course, be obvious that other types of lost motion con 
nectors may be employed for loosely interconnecting the 
piston valves and vanes. This provides a safety factor 
insuring that the pin will always remain in close proximity 
to the vane surface with which it forms the valve. 

In place of the means shown in FIGS. 1-5 for closing 
the passageway 89, the embodiment of FIG. 8 is pro 
vided with an annular internal groove 156 inwardly of 
the passageway 157. This groove 156 is closed and 
Sealed by a flexible rubber or plastic sealing member 158, 
which is held in place by a plurality of turns of a fiat 
metal spring element 59. 
From the foregoing it will be obvious to those skilled 

in the art that by this invention we have provided a fiuid 
pressure energy translating device including the three area 
principle described in the previously mentioned Adams 
et al. patent wherein there is no material volumetric loss 
of fluid from that portion of the passageway means which 
is constantly pressurized to act upon the third area means 
and that the valve means in the passageway means open 
only when necessary to maintain pressure in the constant 
ly pressurized portion of the passageway means and that 
the valve means need only open slightly to accomplish 
this function. 

Having described our invention, what we claim is: 
... In a fluid pressure energy translating device, 
a casing having side and peripheral walls forming a 

rotor chamber with circumferentially spaced low and 
high pressure ports in low and high pressure zones, 

alternate transfer and sealing zones between said ports, 
a rotor supported for rotation in said chamber, 
vanes mounted in vane slots in said rotor, said vanes 

and rotor cooperating with said side and peripheral 
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walls to form fluid transfer pockets in said transfer 
Zones, 

piston means for each vane movable with respect there 
to, each of said piston means having a piston end ex 

*12 
with said chamber, each said conduit means includ 
ing an open outer end passing through said high and 
low pressure zones sequentially as said rotor rotates, 

and a pressure operated check valve in each said conduit 
posed to fluid under pressure to urge said vane to- 5 means between its outer ends and said chamber which 
ward one of said walls, is opened by pressure-from said high pressure zone to 

passageway means within said rotor interconnecting admit pressure directly from said high pressure zone 
said piston ends, said passageway means including through said rotor to said chamber, said check valves 
openings which rotate past said high pressure Zone being closed by pressure in said chamber except 
as said rotor rotates, 0. when admitting pressure thereto from said high pres 

each of said piston means also forming a pressure sure zone, each said check valve permitting flow 
operated element of a check valve in said passage- through it only in the direction away from said high 
way means which opens in response to pressure in pressure zone to said chamber, 
said high pressure zone to admit pressure from said the hydraulic forces on the third area associated with 
high pressure zone to the said piston end, said check 15 each vane urging the vane outwardly in its slot and 
valve being closed except when admitting pressure against the cam surface forming wall of said 
from said high pressure Zone. chamber. 

2. In a fluid pressure energy translating device, - 4. In a fluid pressure energy translating device, 
a casing having side and peripheral walls forming a a casing having side and peripheral walls forming a 

rotor chamber with circumferentially spaced low and 20 rotor chamber with circumferentially spaced low and 
high pressure ports in high and low pressure Zones, high pressure zones, 

alternate transfer and sealing zones between said ports, alternate transfer and sealing Zones between said zones, 
a rotor supported for rotation in said chamber, a rotor supported for rotation in said chamber, 
vanes mounted in vane slots in said rotor, said vanes vanes having radially inner and outer ends, said vanes 

and rotor cooperating with said side and peripheral 25 being mounted in vane slots in said rotor and engag 
walls to form fluid transfer pockets in said transfer ing said side and peripheral walls to form fluid trans 
Zones, ifer pockets, 

a hollow piston for each vane and movable with re- means for substantially balancing the pressure forces 
spect thereto, each said hollow piston having opposite on the inner and outer end of each vane at all times, 
ends, the first of said opposite ends being exposed to 30 a piston associated with each vane which is adapted 
fluid under pressure to cause said hollow piston to to be exposed to fluid under pressure to urge the 
urge said vane toward one of said walls, the other of vane outwardly, 
said ends cooperating with said vane to form a pres- passageway means formed entirely within said rotor 
sure operated check valve, W . " interconnecting all of said pistons and equalizing the 

passageway means within the rotor interconnecting said 35 pressure acting thereon which pressure urges said 
first ends of said hollow pistons, vanes outwardly, 

said check valves communicating sequentially with said passageways in Said rotor leading to said passageway 
high pressure zone as said rotor rotates, means, said passageways opening to a surface of said 

said check valves formed by said pistons and said vanes rotor at angularly spaced positions thereon and com 
being opened by pressure from said high pressure 40 municating serially with said high pressure zone as 
Zone when communicating therewith when the pres- Said rotor rotates, 
sure in said high pressure zone is higher than the pres- and a pressure responsive check valve in each said 
sure acting one the first ends of said hollow pistons passageway in said rotor opening to admit fluid there 
and being closed except when admitting pressure through directly into said passageway means when 
from said high pressure Zone. s 45 the pressure at the opening of said passageway to the 

3. In a hydraulic fluid pressure energy translating de- Surface of said rotor substantially exceeds the pres 
vice of the vane type, structure for hydraulically con- Sure in Said passageway means, each said check valve 
trolling the operation of the vanes thereof, permitting flow through it only in the direction 

said fluid pressure energy translating device including toward said passageway means. 
a casing having a rotor chamber and low and high 50 5. In a vane type fluid pressure energy translating 
pressure ports in low and high pressure zones, 

a rotor Supported for rotation in said chamber, said 
rotor being disposed relative to a cam surface form 
ing wall of said chamber to provide a fluid transfer 
section between said low and high pressure zones, 55 
said rotor having vane slots, 

vanes disposed for reciprocatory movement in said slots 
- independently of each other, each of said vanes hav 
ing sealing means on one end engaging the cam 
Surface: forming wall of said chamber and surface 
means thereof presenting a first area to hydraulic 
pressure which urges said vane inwardly in its slot, 

means on each of said vanes presenting a second area 
to hydraulic pressure for urging said vane outwardly 
in its slot, 65 

a passage for supplying fluid at substantially equal 
pressure at all times to the first and second area of 
each vane, 

means associated with each vane presenting a third area 
to hydraulic pressure for urging said vane outwardly 70 
in its slot, said third area being the smallest of said 
areas, 

a chamber contained entirely within said rotor inter 
connecting all of said means presenting a third area, 

a plurality of conduit means in said rotor connected 75 

device including a rotor having a plurality of vanes 
mounted for relative radial movement, a stator presenting 
a cam surface for engagement by the outer ends of said 
Vanes, fluid transfer pockets being defined between said 
Vanes, means for applying substantially equal pressure 
at all times to the outer end of a vane and to the inner 
end of the vane, and a pressure port and a suction port 
at circumferentially spaced positions between said rotor 
and said cam surface, 

60 the improvement comprising, means for applying a 
fluid pressure created force to said vanes to hold the 
same radially outward in engagement with said cam 
surface, comprising, 

pressure operated pistons mounted in said rotor for 
movement into abutting relation with the inner ends 
of the respective vanes, 

lost motion means loosely interconnecting each said 
piston to the respective vane permitting only limited 
separation of said piston from said vane, 

a fluid passage contained wholly within said rotor for 
applying pressure to the inner ends of said pistons to 
urge the same into abutting relation with the respec 
tive vanes and thereby urge the vanes outwardly, 

and a plurality of passage means wholly within said 



13 - 

rotor communicating between said fluid passage and 
the respective fluid transfer pockets, 

each said passage means including structure forming a 
pressure operated check valve for admitting fluid 
under pressure directly from the respective fluid 
transfer pocket through said rotor into said fluid 
passage and for preventing flow in the opposite di 
rection. 

6. In a vane type fluid pressure energy translating de 
vice including a rotor having a plurality of vanes mounted 
in vane slots for relative radial movement, a stator pre 
senting a cam surface for engagement by the outer ends 
of said vanes, means operative at all times to equalize 
pressure on the outer end of each said vane with that in 
its vane slot, and pressure and suction Zones at circum 
ferentially spaced positions between said rotor and said 
cam surface, 

the improvement comprising, 
means for applying a fluid force to said vanes to hold 

the same outwardly in engagement with said cam 
surface, said means comprising, 

a radial bore in said rotor extending inwardly from 
each vane slot, 

a tubular member slidably mounted in each bore, said 
tubular member forming a pressure operated check 
valve with the inner end of the vane in said slot 
governing the flow of fluid from said vane slot 
through said tubular member, 

a closed fluid chamber defined wholly within said rotor 
interconnecting the said bores at the inner ends of 
said tubular members, 

the check valve between said tubular member and the 
inner end of said vane being opened by pressure 
in said slot externally of said tubular member in 
excess of the pressure in said chamber, said check 
valve permitting flow through it only in the direc 
tion toward said chamber. 

7. In a vane type fluid pressure energy translating de 
vice including a rotor having a plurality of vanes mounted 
in vane slots for relative radial movement, a stator pre 
Senting a cam surface for engagement by the outer ends of 
said vanes, means for equalizing pressure on the outer end 
of each said vane with that in its vane slot, and pressure 
and suction Zones at circumferentially spaced positions 
between said rotor and said cam surface, 

the improvement comprising, 
means for applying a fluid force to said vanes to hold 

the same outwardly in engagement with said cam 
Surface, said means comprising, 

a radial bore in said rotor extending inwardly from 
each vane slot, 

a tubular member slidably mounted in each bore, said 
tubular member having an outer end area forming 
a pressure operated check valve with the inner end 
of the vane in said slot governing the flow of fluid 
from said vane slot through said tubular member, 

a fluid chamber defined within said rotor intercon 
necting the said bores at the inner ends of said tubu 
lar members, 

the check valve between said tubular member and the 
inner end of said vane being opened by pressure 
in said slot externally of said tubular member in 
excess of the pressure in said chamber when said 
vane is in said pressure Zone, said check valve per 
mitting flow through it only in the direction toward 
said chamber. 

8. In a vane type pressure energy translating device in 
cluding a rotor having a plurality of vane slots mounting 
vanes for relative radial movement, a stator presenting a 
cam surface for engagement by the outer ends of said 
Vanes, passage means for equalizing pressure in each vane 
slot with that acting on the outer end of the vane therein, 
and pressure and suction zones at cirumferentially spaced 
positions between said rotor and said cam surface, 
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the improvement comprising, 
pressure operated piston means for applying a force to 

said vanes to hold the same outwardly in engagement 
with said can surface, said means comprising, 

at least one bore in said rotor extending inwardly from 
each vane slot, 

a piston slidably mounted in each said bore for move 
ment into contact with the inner end of the vane 
in the slot, 

a fluid passage defined within said rotor interconnect 
ing the said bores inwardly of the inner ends of said 
pistons, 

and means forming a pressure operated Spool type 
check valve between each said piston and its bore 
which check valve is opened by pressure when the 
pressure in said vane slot exceeds the pressure in 
said passage to admit fluid to said passage, said check 
valve being closed by pressure in said passage and 
said piston being held against the inner end of the 
vane when the pressure in said passage exceeds the 
pressure in said vane slot, said check valve permitting 
flow through it only in the direction toward said 
passage. 

9. In a fluid pressure energy translating device, 
a casing having side and peripheral walls forming a 

rotor chamber with circumferentially spaced suction 
and pressure zones, 

a rotor supported for rotation in said chamber, 
pressure balanced vanes mounted in vane slots in said 

rotor, said vanes engaging said side and peripheral 
walls to form fluid transfer pockets, each of said 
vanes including means for conducting the pressure 
at the outer end of the vane to the inner end of the 
vane in the vane slot, 

each vane having a chamber formed in it which is 
closed by said vane slot, 

a passage in said rotor connecting said chambers, 
a guideway in each vane extending from the inner edge 

of the vane to the chamber in said vane, 
a sliding valve element in each said guideway having 
a longitudinal passage for admitting fiuid pressure 
from the vane slot into the chamber of said vane, 

and means presenting a fixed surface which forms a 
pressure operated check valve with said valve element 
for closing said longitudinal passage to the flow of 
fluid therethrough when the pressure in said cham 
ber is greater than that in said vane slot. 

10. In a hydraulic fluid pressure energy translating 
device of the vane type, structure for hydraulically urg 
ing the vanes of said device outwardly, 

said fluid pressure energy translating device including 
a casing having a rotor chamber and low and high 
preSSures Zones, 

a rotor in said chamber, said rotor being disposed rela 
tive to the peripheral wall of said chamber to pro 
vide a fluid transfer section between said low and 
high pressure zones, said rotor having substantially 
radially extending vane slots, 

a shaft connected to said rotor and supporting said rotor 
for rotation in said chamber, 

vanes disposed for reciprocatory movement in said 
slots independently of each other, each of said 
vanes having sealing means on its radially outer end 
engaging the peripheral wall of said chamber, sur 
face means on the outer end of each vane presenting 
a first area to hydraulic pressure which urges said 
vane inwardly in its slot, 

surface means on the inner edge of each vane pre 
Senting a second area to hydraulic pressure for urging 
said vane outwardly in its slot, 

means for supplying fluid at substantially equal pres 
sure to the first and second area of each vane, 
means associated with each vane presenting a third 
area to hydraulic pressure for urging said vane out 
wardly in its slot, said means comprising a piston 
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mounted in a radial bore in the rotor for sliding 
movement into abutting engagement with the inner 
end of each vane, said piston having a bore extend 
ing from end to end thereof and a peripheral recess 
around its outer end, 

passageway means within said rotor for conducting 
fluid at equal pressures at all times to the inner ends 
of all of said pistons, said passageway means being 
formed by an annular internal groove in the rotor 
and a member closing said groove, said member 
sencircling said shaft, 

the inner ends of said vane slots communicating with 
said high presure zone as said rotor rotates, 

the outer end of each said piston forming a pressure 
operated check valve with the inner end of the vane 
which valve opens, to admit pressure from said high 
pressure zone to said passageway means, said valve 
being closed except when admitting pressure from 
said high pressure zone, 

the hydraulic forces on the third area associated with 
each vane overbalancing, the hydraulic forces on the 
first area of the vane and urging the vane outwardly 
in its slot and against the peripheral wall of said 
chamber while said vane traverses, said fluid transfer 
section. 

11. In a hydraulic fluid pressure energy translating 
device, 

a casing having side and peripheral walls forming a 
rotor chamber with circumferentially spaced low and 
high pressure ports in low and high pressure zones 
respectively, 

a rotor Supported for rotation in said chamber, 
Vanes, mounted in vane slots in said rotor, said vanes 

and rotor cooperating with said side and peripheral 
walls to form fluid transfer pockets, between said low 
and high pressure zones, 
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means defining a first area on the outer end of each 

vane, 
means defining a second area on each vane opposed to 

the first area on said vane, 
means defining a third area in an internal slot in each 

vane, said third area also being opposed to the first 
area on said vane, 

a passageway for conducting fluid at equal pressures to 
the first and second areas of each vane, 

means forming a chamber entirely within the rotor 
interconnecting all of the third areas in the internal 
slots of said vanes, 

and a plurality of fluid supply passageways entirely 
within said rotor for delivering fluid under pressure 
to said chamber from a high pressure zone of said 
rotor chamber directly through said rotor, each said 
supply passageway including a pressure operated 
check valve permitting flow in said supply passage 
way toward said chamber but not in the opposite 
direction. 
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