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3,102,493 ‘ 
PRESSURE BALANCED VANE 

Joseph Davin, Weston, ‘Mass, assignor to American 
Brake Shoe Company, New York, NY, a c'orporation 
of Delaware . 

Filed Feb. 10, 1961, Ser. No. ‘88,331 
10 Claims. (Cl. 103-135) 

The present invention is directed a vane pumps and 
motors in which a plurality of circumferentially spaced 
vanes are sl-idably mounted in spaced slots in a rotor for 
sealing engagement with an encircling cam or cam sur 
face. For convenience in ‘description, reference will be 
'made in this application primarily to ‘vane pumps with 
the understanding that the invention is not necessarily 
limited to pumps but is also applicable to vane motors, 
the term “hydraulic power unit” being used to designate 
either-a pump or a motor. ‘ t ‘ i ‘ 

One object of the invention is to provide an improved 
vane pump or motor in which the force of ?uid pressure 
on each vane tending to force the low pressure side of 
the vane against the opposing side surface of the coacting 
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rotor slot is balanced by opposing force of ?uid pressure ' 
on the vane to the end that the vane is virtually free of 
frictional restraint against sliding movement in its slot, 
even though the ?uid pressure in the interspace between 
the rotor and cam at one side of the vanegreatly exceeds 
the ?uid pressure in the interspace between the rotor and 
cam at the opposite side of the vane. 
Another object is to provide an‘improved vane pump 

or motor in which the maximum force of ?uid pressure 
tending to force each vane against‘the rotor structure 
de?ning the coacting vane slots is limited to that neces 
sary for forming an effective seal between the vane and 
rotor. ‘ 

Another object is to provide .a vane pump or motor 
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unit having an improved construction which minimizes to‘ ' 
great advantage the forces required to move the vanes 
in the coacting rotor slots to maintain continuous engage 
ment of the individual vanes with the encircling cam, 
while at the same time prolonging the surface life of the 
unit by minimizing wear on the vanes, rotor, and cam. 

Another object is to provide an improved vane pump 
or motor in which the reaction of ?uid on the rotor is 
applied to the rotor almost entirely by ?uid pressure 
acting directly 1on the rotor, thereby substantially obviat 
ing any necessity for transmitting the ‘forces of the ?uid 
reaction to the rotor through mechanical pressure engage 
ment of the vanes with the rotor. 

Another object is to provide a vane pump or motor 
unit having an improved construction which maintains a 
substantially ‘complete balancing against each other of 
the forces of ?uid pres-sure acting on each vane in a .di 
rection perpendicular to the central plane of the coacting 
vane slot, while at the same time maintaining an effec 
tive seal‘ against the escape of ?uid past each'vane be 
tween the interspaces between the rotor and cam at op 
posite sides of the vane. 
A further object is to provide an improved vane pump 

or motor unit having a service life which is greatly ex 
tended by virtue of an improved construction of the unit 
which substantially eliminates frictional resistance to 
movement of the vanes in the coacting rotor slots‘ and 
serves to maintain an adequate but not excessive sealing 
pressure between the individual vanes and the coacting 
cam. _ . 

A further object is to achieve the objects previousl 
recited in an improved vane pump or motor unit which‘ 
is adapted for adjustment of the displacement of the’ 
unit. 

Other‘ objects and advantages will become. apparent 
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from the following description of the exemplary embodi 
ment _of the invention illustrated in the drawings, in 
which: . ‘ ‘ 

FIGURE 1 is a simpli?ed transverse sectional view of 
a vane pump‘ embodying the invention; 
FIG. 2 is an enlarged transverse sectional’ view of a 

vane pump illustrating“ principles of the invention in 
somewhat schematic form; 
FIG. ‘3 is a fragmentary sectional view of the pump 

corresponding to FIG. 2, but showing in substantial de 
tail the actual construction of a preferred ‘form of vane 

. used in the pump illustrated; 
FIG. 4 is a view similar to FIG. 3 drawn on a some 

what reduced scale, and illustrating the vane in longitudi 
nal section, the vane in both FIGS. 3 and 4 being shown 
in its extended position; 
FIG. 5 ha view similar'to FIG. 4, but showing the 

vane in its retracted position; 
FIG. .6 is a distal side view of the vane, taken with 

reference to the line6—-6 of FIG. .4; and 
FIG. 7‘ is a longitudinal sectional view of the vane, 

taken with reference to the line 7——7 of FIG. 5. 
Referring to the drawings in greater detail, the hy 

draulic power unit 10 forming the exemplary ‘embodi 
ment of the invention illustrated is designed to function 
as‘ a pump and comprises a cylindrical rotor 12 supported 
and ‘driven in the clockwise direction with reference to 
FIG. 1 by‘ a shaft 14. The rotor 12 rotates‘within an ‘ 
annular cam 16 de?ning a cam surface 18 which en 
circles the cylindrical surface 20 of the rotor. v 
The pump 10 illustrated is designed to‘be ‘a balanced 

pump. ‘For this reason, the cam surface 18 is shaped 
in relation to the rotor surface 20 to de?ne therebetween 
twojinterspaces located generally on‘ diametrically op 
posite sides of the rotor 12, and designated in FIG. 1 
by the numbers 22, 24. ‘ 

‘ Two ?uid inlet ports 26, 28 communicate with the inlet 
ends of the respective interspaces 22, 24, as indicated 
schematically in ‘FIG. 1. . Since the rotor 12 turns in the 
clockwise direction, the inlet ports 26, 28 communicate 
with the counterclockwise ends of the spaces 22, 24. 
Fluid entering the spaces 22, 24 through the inlet ports 
26;’28 is discharged through outlet ports 30, 32 commu 
nicating vwith the opposite or outlet ends of the pumping 
spaces. 
Fluid is pumped through the spaces 22, 24 between the 

connecting inlet and outlet ports by a plurality of cir 
cumferentially spaced vanes 34 slidably mounted in a 
corresponding series of slots 36, formed in the rotor. 
Eachvane 34 has a‘ generally rectilinear over-all form" 
andiis dimensioned to have a close sliding‘j?'t within its 
coacting slot 36, which permits‘ the vane to move ‘within 
the slot to continuously engage the encircling cam sur 
face 18. M . ' ' 

Opposite“ ends of the rotor 12 are ‘engaged by conven~ 
tional cheek plates orsi'milar conventional pump com< 
ponents (not shown.) which enclose opposite sides of 
the,‘ interspaces 22, 24, and‘have a close sliding ?t with 
opposite ends'of' the rotor and with corresponding edge 
surfaces of the vanes. The relationship of the‘ cheek 
plates, or similar structure, to the rotor and vanes is 
conventional and [will be well understood by those skilled 
in the‘ art without further description here. 
As shown, the individual vane slots 36 in the rotor 12 

are turned at an acute angle with reference to radial ‘lines 
.‘ through the respective‘slots. The angle to which a typical 
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slot 36 is turned with reference to a radial line 38 through 
the outlet ends of the slot is identi?ed in PEG. 2 by the 
number 40. V . 

As shown in greater detail in v‘FIG. 2, each slot 36 com 
prises two parallel side surfaces 42,‘ 44 parallel to the 

‘ axis of the rotor 12 and disposed in opposed sliding 
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engagement with the corresponding sides of the coacting 
vane 34. Because of the angular inclination of each slot 
with respect to a radial line through the slot, as indicated 
by the angle 40 in‘ FIG. 2,,the sides 42 and 44 of the ‘ 
slots and the corresponding sides of the coacting vane 
have a'distal and proximal relationship respectively to 
thelaxis of the rotor 12. ' 
As each vane 34 enters one of the pumping spaces 22, 

24" it forms a ‘partition separating that portion of the 
interspace ahead of the vane from that portion of the 
interspace located behind the vane. ‘For convenience in 
description with reference to FIGS. 2 to 5, that portion of 
the interspace 22 located immediately ahead of any par 
ticular vane 34 is identi?ed by the number 2211, and the 
portion of the interspace located, immediately behind th 
vane‘is identi?ed by the number 22b. ‘ 
Movement of the vanes 34 through the pumping inter 

space 22, for example, creates pressure differentials across ‘ 
vthe varies in which the pressure in the interspaces 22a 
immediately ahead of the vanes exceeds the pressure in 
the interspaces 22b behind the vanes. 
The differential pressures across the vanes 34 passing 

through the pumping spaces 22, 24 tend to produce a 
torque reaction on the rotor 12. In a pump this torque - 
reaction is overcome by the driving force of the shaft 
14. In a motor the torque reaction of differential ?uid 
pressure forces on the vanes tend to produce output 
torque. . 

In the pump disclosed, a ?uid pressure in the pump 
ing, space 22a immediately ahead of a vane 34 which 
‘exceeds the ?uid pressure in the space 22b immediately 

' behind the vane, FIG. 2, tends to force the proximal side 
46 of the vane laterally against the opposing proximal 
side 44" of the coacting vane slot. This urging of the vane 
against the proximal side of the coacting vane slot, due 
to differential pressure in the pumping spaces 22a, 22b 
adjacent the vane, tends to produce between the vane 
and its coacting slot a frictional resistance to radial move 
ment of the vane vwithin the slot. Such friction between 
a typical vane, and its slot tends to cause wear of bot-h 
the vane and slot and imposes a drag on movement of 
the vane, with a corresponding increase in the force neces 
sary'to move the vane radially within its slot to maintain 
engagement of the vane With the cam surface 18. 

In a hydraulic power unit constructed in accordance 
with this invention, the torque reaction on the rotor due 
to di?fer'ential ?uid pressures existing across the vanes in 
the rotor is transmitted to the rotor primarily by ?uid 
pressure, rather than by forces transmitted mechanically 
between the vanes ‘and the rotor, this action being accom 
panied by ‘a substantial balancing of the forces of ?uid 
pressure tending to force the vanes laterally into engage 
ment with the opposing slot surfaces, and by a reduction 
of the mechanical pressure engagement of each vane with 
its coacting‘ slot to that which is necessary to form an 
e?ective seal between the vane and the rotor. 

Having reference to ‘FIG. 2, in which principles of the 
invention are illustrated somewhat schematically, a typi 
cal vane 34 moving through the, typical pumping space 
22, is urged toward the proximal‘side surface 44 of the 
coacting slot 36 when the pressure in the interspace 22a 
immediately. ahead of the vane exceeds the pressure in the 
interspace 22b immediately behind the vane. This force 
of differential ?uid pressure tending to urge the vane 

7 against the low pressure side of the slot is largely balanced 
or offset by opposing forces of ?uid pressure which reduce » 
the pressure engagement of the’vane with the side surface 
44 to that required for forming an eifective seal against 
the escape of ?uid around the vane through the slot. 
-For this purpose, the typical vane 34 is shaped in re 

' lation to the coacting slot 36 to de?ne between the proxié 
rnal side 46 of the vane and the proximal side ‘44 of the 
slot a balancing interspace 50 which is isolated from the 
pumping interspace 22b adjacent the low pressure side of 
the vane, while at the same time being connected to the in~ 
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terspace ‘22a adjacent the high pressure side of the vane. 
Thus, the balancing interspace 50‘ is continuously main 
tained under the same fluid pressure as the pumping in 
terspace 22a at the high pressure side of the vane. The 
pressure of the‘?uid within the interspace 5i}1 acts on the 
proximal or low pressure side of the vane to produce a 
lateral force on the vane which tends to offset the pre 
viously described force of fluid pressure tending to urge ' 
the vane into frictional engagement with the low pres 
sure side 44 of the coacting vane slot. 

‘Referring to the drawings in greater detail, it will be 
noted with reference to the simpli?ed illustration of a 
typical vane 34 in FIG. 2, that the balancing interspace 
50 is de?ned by the proximal side 44 of the coacting slot 
and by a cavity 52 recessed into the proximal side of the 
vane. The interspace 501 thus formed is isolated from 
communication with the bottom of the coacting slot by 
engagement with the proximal side surface 44 of an 
inner sealing surface 54 formed on the proximal side of 
the vane between the recess 52 and the inner extremity 
of the vane. Similarly, the balancing interspace 50 is 
isolated from communication with the interspace 22b be 

, tween the cam and rotor adjacent the low_ pressure side 
of the vane, by structure which includes an outer sealing 
surface 56 formed on the proximal side of the vane be 
tween the cavity ‘52 and the outer extremity of the vane 
and slidably engaging the proximal slot surface 44. 
A transverse bore or cavity 58 formed in a typical vane 

34 provides a passage connecting the balancing interspace 
50, FIG. 2, ontthe low pressure side of the vane with a 
cavity 60 recessed into the opposite side of the vane and 
confronting the distal side. 42 of the vane slot. When 
the vane is extended as illustrated in FIG. 2, the cavity 
60 communicates directly with the pumping interspace 
22a at the high pressure side of the vane. When the vane 
is retracted, the cavity “60 continues to communicate with 
the interspace 22a through a recess 62 formed in the 

I outer end of the distal side of the vane slot, thus providing 
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the desired uninterrupted communication of the interspace 
22a with the balancing interspace‘Stl. The cavity 60 is 
isolated from communication vwith the bottom of the co 
acting vane slot by sliding engagement with the distal side 
surface 42 of the slot of a. sealing surface 64 formed on 
the distal side of the vane between the cavity 60 and the 
radially inward extremity of the vane. . 1 

It will be'appreciated that the cavity 60 in the distal 
side of ‘a typical vane is continuously maintained under 
the same ?uid pressure as that prevailing in the opposed 
balancing interspace 50' and the adjacent pumping inter 
space 22a. Outward movement of ‘a vane 34 in its slot 
causes a portion of the distal cavity 60 to project beyond 

~ the rotor 12, as illustrated in FIG. 2. However, pro 
' jection of the cavity 50 beyond the rotor does not in 
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crease the exposure of the distal side of the vane to the 
pressure within the interspace 22a, since the cavity 60 is 
continuously connected with the interspace 22a, as de 
scribed. v . - . 

As previously mentioned, the fluid pressure within the 
balancing interspace 50 operates to offset the lateral force 
of fluid pressure tending to force the vane against the 
proximal side surface of the slot when the vane is ex 
tended. When the vane is retracted, however, pressure 
Within the balancing interspace 50‘ continues to act on 
the vane to urge it away from the proximal side surface 
of the coacting slot, even though the vane may not pro 
ject beyond the slot. At this time, the pressure force 
within the interspace 50 tending to urge the vane away 
‘from the proximal'side of the slot is opposed by the force 
of the same ?uid pressure within the distal cavity 60‘. 
As will'presently appear, with reference to the ensuing 

description of the actual structure of a typical vane, illus 
_ trated in FIGS. 3 to 7, the shaping of each vane is worked 

75 
out so that the pressure forces applied to the vane in a 
direction perpendicular to the central plane of the vane 
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slot are substantially balanced against each other at all 
times. 

, The bottom of each vane slot 36 is connected to com 
Ymunicatewith the pumping interspace 22b adjacent the 
low pressure side of the vane, by means of a passage 
formed by a longitudinal bore or cavity 66 extending 
through the vane in a manner which preserves isolation 
of the bottom of the vane from communication with the 
interspace 50 and the cavity 60. Thus, in a general way, 
the inner extremity of the vane is subjected to the same 
fluid pressure ‘as that‘ which is applied to the outer endfof 
the vane by the ‘action on the vane of the pressure within 
the pumping interspace 22b. The effect of this is to ‘ap 
,proach a balancing of the fluid pressure forces on a vane 
in a direction parallel to the opposing slot surfaces 42, 44 
described. In‘ general, this balancing of fluid pressure 
forces tending to move a vane radially within its slot 
simpli?es the matter of achieving optimum radial move 
ment of the vane to maintain sealing engagement with 
the opposing cam surface 18, as will presently appear. 
‘Moreover, as will be described With reference to‘ FIGS. 
,4 to 7, the balancing of opposing pressure forces on a 
typical vane is correlated with other features designed to 
apply to the vane optimum actuating forces for moving 
the vane in its slot. 

Having‘reference to FIGS. 3 to 7, which illustrate an 1 
actual vane used in the pump 10, it Will be noted that a 
typical vane 34 issubstantially squared off or truncated at 
its outer extremity, and is shaped to de?ne on its radially 
outer extremity‘ a cam sealing edge "76‘ located adjacent 
‘the‘distal side of the vane and adapted to engage and 
continuously seal against the cam surface 18. ‘The cam 
sealing edge7t} on the vane is parallel to the axis of the 
rotorand is shaped to engage only a very narrow por 
tion of the cam surface 18, the narrowness of the mutual 
,ly engagedareas ‘of the vane and cam surface approach 
ing line contact of the vane and cam. ’ 

Each vane 34 has a very substantial thickness which 
.is correlated with-the previously described angular in 
clination of‘ the vane with reference to» ‘a radial line 
‘through the vane slot so that, upon extension of the vane 
from its ‘slot, as the vane moves through one of the “pump 
ing spaces 22, 24, the cam sealing edge 70 at the distal 
side of the vane projects a substantial distance beyond 
the rotor to follow the cam surface 18 tvhile the proximal 
side of the vane remains within the vane slot, sofas not 
to project beyond the proximal slot surface ‘44. 

It is ?tting to point out that the degree to which the 
. distal side of a vane can be extended beyond the rotor 
while the proximal side {of the vane remains within the 
coaoting rotor slot can be increased by increasing ‘the, 
thickness of the vane. For a vane of a given thickness, 
the degree to which the distal side ofthe vane can be 
extended ‘beyondthe rotor, while the proximal ‘side of 
the vane remains within the coacting slot, can‘be, in 
creased by increasing the angle 40‘, FIG. 2, of the inclina 
tion of the vane slot with reference to a radial line 38. 
.Put another way, the degree to which the distal side of 
a vane can be extended under the limitations recited can 
be increased by increasing in a rotor of a given size the 
spacing, identi?ed in FIG. 2 by, the letter “y,” between 
‘the medial plane of the vane and the axis of the rotor. 

it will be appreciated, with reference to FIG. 3, that 
the pressure in‘ the interspace 22a adjacent the high pres 
sure side of a typical vane 34 acts on the distal side 
of the vane all the way out‘to thesealing edge.70 on the 
vane which engages the cam surface 18'. Since the seal 
ing edge 70 is located adjacent the outer extremity of 
the vane, the pressure forces on the vane, which tend to ' 
urge the vane against the proximal slot surface 44, ex 
tend all the Way ‘out substantially to the end of the vane. 
To provide the most effective offsetting. of these, forces 
of ?uid pressure tending to urge the vane toward the‘ slot 
surface 44, a typical vane 34 is shaped so that the half 
ancing interspace 56‘ on the‘ proximal'side of the vane 
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is located-directly opposite from the area of the distal 
side of the vane exposed to the pressure within the inter 
space 22a. Thus, the vane cavity 52, coacting with the 
slot surface 44 to de?ne the balancing interspace 50, is 
located along the longitudinal extent of the vane, so that 
the outermost extremity of the cavity 52 stops only 
slightly short of the cam sealing edge 70‘ with respect to 
the longitudinal medial plane or length of the vane. Put 
another Way, the cam sealing edge 70 is located with re 
spect to the radially inward extremity of the vane only 
slightly beyond the outermost portion of the balancing 
interspace 50. ‘ 
As shown in FIG. 3, the proximal side of a typical 

vane 34 does not extend beyond the proximal side 44 
of the coacting slot when the vane is fully extended. Ex 
tension of the distal side of the'vane beyond the pe 
riphery ‘of the rotor 12 While the proximal side of the 
vane is con?ned within the vane slot is made possible 
by the relationship of the thickness of the vane to the 
angular position of the vane slot relative to a‘ radial line , 
through the center of the vane slot. The position of 
the balancing cavity 52 on the vane is such that the ortho 
graphic projection on the plane of the distal side of the 
vane of the face of the cavity '52, which confronts the 
proximal slot surface 49, extends substantially beyond 
the distal ‘side surface '42 of the coacting slot and into 
iclosely adjacent relation to the cam sealing edge 70 on 
:the vane. 

This is signi?cant in more than Jone respect. The fact 
that the balancing interspiace 50 extends almost out to 
the sealing edge '70 along the length of the vane, together 
.withr'dimensioning of the cavity 52 to offset the area of 
exposure of the ‘distal side of the vane to the pressure 
within the space 22a, provides ,a most advantageous direct 
balancing of the fluid pressure forces tending .to move 
‘the vane in a direction perpendicular to the proximal 
slot surface 44. Yet,‘ at the same time, the fact that 
the sealing edge 70‘ does lie slightly beyond the outer ex 
tremity of the balancing interspace 50 with respect to the 
longitudinal plane of the vane, provides‘a corresponding 
differential ?uid pressure force on the outer end of the 
vane which tends to urge the sealing surface 56 on the 
proximal side of the vane into effective sealing engage- ‘ 
ment with the proximal slot surface 44. The force or 
pressure with which the sealing surface 56 is urged 
against the slot surface 44 is limited to an optimum value 
for. sealing purposes by thencontrolled degree to which‘ 
thesealing edge 70 is located ‘beyond the balancing in 
terspace, 50.‘ 

It will ‘be understood that the pressure force required 
‘to hold the sealing surface 56 in effective sealing engage 
\ment with the slot surface 414 is only a very small frac 
tion of the total pressure force on the distal side of the 
vane tending to urge the vane toward the surface 44. 

V As ‘shown in‘ FIG. 7,’the balancing interspace 50' is 
connected ‘through three transverse bores 58 with the 
distal side of the vane exposed to pressure‘ within the in 
terspace 22a; Hence, engagement of the sealing surface 

' 56 with the proximal slot surface 44 is relied onas a seal 
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between the pumping spaces ‘22a, 2% on“ opposite sides 
of the vane. The effectiveness of this seal is‘increased 
by widening of the seal 56, while‘at the same time main 
taining the‘ previously described positional relationship 
along the wane of the cam sealing edge 70 and the bal 
ancing interspace ‘50. It will ‘be understood that both the 
balancing interspace 50‘ and the sealing surface 56 extend 
across the full Width of [the vane. I 
Widening of the sealing surface 56 to increase its 

‘effectiveness is achieved by extending the outer end of 
the vane ‘somewhat at the side of the vane adjacent the 
proximal slot surface_44, as shown. This is achieved by 
forming a step 72 in the‘ outer end of the vane, so that 
the proximal side of the vane de?ning the surface 56 ex 
tends beyond the‘ distal ‘side of the vane de?ning the 
cam sealing edge79‘ by a slight distance, indicated gen 
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erally by the number 74 in 'FIG. 3. While the step 72 
‘is somewhat abrupt, as illustrated in the drawings, it 
need not be abrupt. The important consideration is the 
positional relationship of the sealing surface ‘56 and the 
sealing’edge 70'. The width 76, FIG. 3, of the seal 
ing edge 56 exceeds the distance 74, by which the seal 
ing surface 56 extends beyond the sealing edge 70*, by a 
slight‘amount which is equal to the spacing ‘along the 
:length of the vane .of the cam sealing edge 70 beyond 
the balancing interspace 50. 
The sealing surface 56‘, even though extended, as de 

scribed, to improve its sealing effectiveness, is neverthe 
less limited to the width required for sealing purposes, in 
order to maximize the degree to which the cam sealing , 
edge 70 can be extended beyond‘ the rotor while main 
taining full engagement of the sealing surface 56 with 
the slot surface 44. . 

‘In moving trom one of the pumping zones or spaces 
22, 24, each vane~34' is retracted within its slot 36, as 

‘ .indicatedin FIG. 5. Since the rotor 12 has a close ?t 
with thecam surface -18 in the sealing zone between the 
punipingspaces 22, ‘24, each vane moving through one 
of these sealing zones is substantially fully contained 
within its coasting slot 36; Hence, the ends of the trans 
verse bores 58 opening outwardly through the distal side 
of a retracted vane are disposed-inwardly of (the outer 
extremity of the distal side surface of the vane slot, as 
shown inFIG. 5. However, a relief or recess 62, FIGS. 
,4 and 5, formed in the distal side 42 of the coacting slot 
near the outer end of the slot, and previously referred 
to inithe description having reference to FIG. 2, pro~ 
vides communication between the central one of the 
transverse vane bores ‘58 ‘and the interface between the 
cam surface and rotor at the distal side of the vane, even 
when the vane is in its ‘fully retracted position described. 
This assures continued maintenance of the desired bal 
ancing of the lateral forces of ?uid pressure on the re 
tracted vanes. 
As illustrated in FIGS. 3 and 6, the ends of the trans 

verse bores 58 opening outwardly through the distal side 
of each vane communicate with reliefs or-Jrecesses 80 
formed in the distal sides of the vanes inwardly of the 

, cam sealing edge 70. _ The positional relationships of 
the‘cavities ‘80 to the cavity 52 are such that the ortho 
graphic projections of the cavities 80 onto the plane of 
the distal side of the vane extensively overlap (and, in 
this instance, lie within) the orthographic projectionof 
the cavity 52 on the same plane. When a vane is in its 
retracted position illustrated in FIG. 5, the cavities 80 op 
pose the distal side of the coacting slot to effect an off 
setting of the lateral forceof ?uid pressure within the 
opposed balancing interspace 50. 
As shown in FIGS. 3, ‘6 and 7, the balancing inter 

space 50 is connected to communicate with the opposite 
portion of the distal side of the vane, not only by pas-' 
sages formed ‘bythe transverse bores=58 previously men: 
tioned, but by passages formed by transverse reliefs or 
grooves 82 ‘formed in the opposite side edges of the vane - 
in alinernent the cavity 50. It will be understood 
that the two recesses or channels 8-2 in opposite side edges 
of each vane are opposed by the previously mentioned 
pump structure (not shown) which tits against opposite 
ends of the rotor 12, as described. 

It is also noteworthy with respect to FIG. 3, that the 
inner sealing surfaces 54, 64 formed on the proximal and 
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low pressure side of the vane through four vane bores 66‘, 
FIGS. ‘6 and 7. . 

Because of the substantial balancing of the forces of 
?uid pressure on-each vane 34 achieved in the manner 
described, further advantages are achieved in the provi 
sion for actuating each vane in its slot to maintain en 
gagement of the cam sealing edge 7 t] on the vane with the 
encircling cam surface 18. Each vane is urged outwardly 
by centrifugal ‘force. Because of the substantial balanc~ 
ing of the forces of ?uid pressure on thevane, this may 
be sufficient in some instances to maintain engagement 
of the vane with the encircling cam surface. I 

Provision is made, in the pump 10 forming the exem 
plary embodiment of the invention illustrated, for mov 
ing the vanes 34 outwardly by ?uid pressure which ex 
erts optimum actuating forces on the vanes. For this 
purpose, each vane is ‘formed to de?ne an actuating 
surface which, when subjected to ?uid pressure, will urge 
the vane outwardly. Moreover, provisionis made for 
subjecting this actuating surface to a ?uid pressure which 
is at least equal to the pressure within the interspace be 
tween the rotor and cam surface adjacent the high pres 
sure side of the vane. ' ' 

Having reference to ‘FIGS. 3 to 7, a cylindrical bore 
'86 is formed in each vane, to open inwardly through the 
bottom of the vane toward the bottom of the coacting 
slot 36. A cylindrical plunger 88 is ?tted into the bore 86 
of each vane, and abuts against the bottom of the coact 

' ing slot 36, as shown. 
30 , The bore 86 in each vane communicates with the cen 

tral transverse bore 58, as shown inFIGS, 3 and 4, 
wherebyv the space Within the bore 8-6’ at the outer end 
of the plunger ‘88 isvcontinuously subjected to the ?uid 

. pressure prevailing in the interpace v22a adjacent the high 
35 
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45 

pressure side o-f'the vane. The plunger 88 seals the space 
within the outer end of the bore 86 from communica~ 
tion with the bottom of the slot 36. 
When a vane 34 is moving through the pumping space 

22, for example, the pressure in the space 22a ahead of 
the vane normally exceeds the pressure in the interspace 
22b behind the vane. 
the vane is subjected to a lower pressure thanthe pres 
sure of the ?uid'within the outer end of the bore 86. 
Thus, the higher pressure within the outer ‘end of the 
vane bore 816 acts on an actuating area of the vane, to 

‘ urge theivane outwardly by a force which is opposed 
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distal sides of the vane to seal against the side surfaces ' 
44, 42, as described, have an extensive longitudinal ex 
tent along the radial length of the vane, i.e., that dimen 
sion of the vane which extends from its radial inner end 
to its radial outer end. The extensiveness of the inner 
sealing areas 54, 56, provides a highly effective sealing 
of the balancing ‘interspace 50 .and the interspace 22a 
against communication with the bottom of the coasting 
slot 36 which is connected to the interspace 22b at the 

70 

75 

only. by a lower pressure at the outer end of the vane 
. acting on a corresponding end area of the vane. The net 
result is a differential fluid pressure force tending to urge 
the vane outwardly with only that degree of force desired 
for maintaining sealing engagement of the sealing edge 
70 with the cam surface 18. 

It should be made clear that the transverse sectional 
area of the bore 86 or each vane is quite small in rela 
tion to the corresponding transverse sectional area of 
the vane. Hence, the plunger ‘88 does not substantially 
reduce the e?ective area on the inner end of the vane 
which is exposed to the ?uid pressure in the. bottom of 
the coacting slot ‘36, and which constitutes a balancing 
area on which ?uid pressure effectively balances the ?uid 
pressure on the outer end of the vane, as previously de 
scribed. 
For simplicity in description, it has been assumed gen 

erallyin the previous description that, in the pump 10‘, 
the pressure in the interspace between the rotor and cam 
surface ahead of the .vane exceeded the pressure in the 
rotor cam interspace behind the vlane. While this is true 
during movement of a vane between an inlet port and 
an outlet port in the pump, this pressure relationship does 
not prevail during movement of a vane through one of 
the sealing zones between the outlet ports and the inlet 
ports. Thus, as a vane moves from the pumping space 
22 to the pumping space 2.4, for example, the vane is in 
its retracted position, illustrated in FIG. 5; Since the 

Hence, the radially outer end of. 
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pressure at the outlet port 3tl>exceeds the pressure at the 
inlet port 28, the rotor cam interspace pressure adjacent 
the trailing side of the vane tends to exceed the pressure 
in the rotor cam interspace adjacent the leading side of 
the vane. The e?fect of this is to tend to move the vane 
plunger 88 further into the coacting bore ‘86. However, 
movement of the plunger 88 into its bore 86 is limited 
by a shoulder ‘90 formed at the bottom of the bore and 
encircling a connecting aperture ‘92 communicating with‘ 
the central transverse bore 58, as shown in FIG. 4. 

Thus, when a vane is moving in its retracted position 
between an outlet and an inlet port of the pump, the 
pressure on the di?erential actuating area of the vane, 
which opposes the vane plunger, does not exceed the 
pressure at the outer end of the vane, and‘is not effective 
to urge the vane outwardly. 

However, special provision is made for assuring con 
tact of the cam sealing edge 70'of the vane with the 
cam surface as the vane moves from a zone of high pres 
sure to a Zone of relatively low pressure. . For this pur 
pose, the structure of the vane de?ning thecam sealing 
edge is formed to slightly oilset the ‘cam sealing edge 
from the plane of the distal side of the vane toward the 
proximal side of the vane. ' ‘ 

As illustrated in FIG. 3, this is ac'hieved preferably by 
slightly rounding the corner or edge of the vane de?ning 
the cam sealing edge, to have a de?nite radius of curva 
ture, which for clearness in illustration is greatly exag 
gerated in FIG. 3. It has been found that rounding of 
the corner of the vane de?ning the edge 70 to have a 
radius of curvature of 5,0‘0Oths of an inch is satisfactory 
for this purpose. The effect of this is to displace or olfset 
the cam sealing edge 76‘ away from the plane of the dis 
tal side of the vane by a slight distance, identi?ed in FIG. 
3 by the number 94. i 
The e?ect of this ‘is to reduce the ?uid pressure force 

tending to move the vane radially inward in relation to 
the ?uid pressure force tending‘to move the vane out 
ward, with the result that the vane is' held against the 
cam surface. Thus, the area at thev outer end of the 
vane exposed to the higher ?uid pressure covers a 
smaller projected area on a plane perpendicular’ to the 
direction of vane movement, than does‘the area on the 
inner end of the vane which is exposed to the same 
higher ?uid pressure. The effective end area of the outer 
end of the vane located at the distal side of the sealing 
edge ‘70 is, in this situation, exposed to a lower pressure 
and does not have the effect of neutralizing the outward 
force of the higher pressure ?uid applied'to‘ the differen 
tial areas which eiiect the outward biasing of the vane 
just described. ' 

It will be understood be those skilled in the art that 
the features and concepts of this invention are not neces 
sarily limited to use of the speci?c construction illus 
trated, but have a range of utility and adaptability within 
the spirit and scope of the invention as de?ned by the 
claims. ‘ 

The invention is claimed as follows: i . 

1. In a hydraulic‘power unit, the combination of a 
generally cylindrical rotor, a cam encircling said rotor, 
said rotor de?ning a plurality of circumferenttally spaced 
vane slots therein opening outwardly through the periph 
ery of the rotor, each vane slot being de?ned by two 
parallel side surfaces, a plurality of‘vanes slidably mount 
ed in, said respective slotsto continuously engage said 
cam, each vane being turned at an acute substantial angle 
relative to a radial line therethrough so that opposite side 
surfaces de?ning the slot and the corresponding sides of 
the coacting vane have a distal and proximal relation 
ship‘ respectively with respect to the axis of the rotor, 
each vane de?ning on the outer end thereof a cam en-_ 
gaging edge located adjacent the distal‘ side of the vane, 
each vane having a thickness related to the angular ori 
entation of the vane with respect to a radial line there 
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through and to the maximum extension of the cam en‘~ 
gaging edge of the vane beyond the periphery‘ of the 
rotor which precludes projection of the‘proximal side of 
the vane beyond the proximal side surfaces of the coact 
ing slot when the vane is in its fully extended position, 
each vane de?ning in the proximal side thereof a balanc 
ing cavity facing the proximal side- surface of its slot, and 
being positioned on the vane so that the radially outer 
extremity of the cavity at the proximal side ‘of the vane 
lies close to the corresponding outer extremity of the 
proximal side of the coacting vane slot when the vane 
is fully extended, said balancing cavity in each vane 
being continuously isolated ‘from the bottom of the coact-. 
ing slot by engagement of a wide sealing surface on 
the vane with the proximal side surface of the slot and 
being continuously isolated from the interspace between 
the rotor and the cam at .the proximal side of the vane 
by engagement with the proximal side surface of the 
coacting slot of a narrow sealing edge formed on the 
vane between the cavity and the extreme outeredge of 
the proximal side of the vane, each vane being shaped 
to form a passage providing communication ‘between 
said balancing cavity in the proximal sideof the vane 
and the interspace between the rotor and cam adjacent 
the distal side of the vane to provide a substantial bal 
ancing of pressure forces applied to, the vane in direc 
tions perpendicular to the centnal plane of the coacting 
slot, and each vane being cavitated to provide continuous 
communication therethrough between ‘the bottom of the 
coacting slot and the interspace between ‘the cam ‘and 
rotor at the proximal side of the vane while at the same 
time maintaining isolation of said balancing cavity‘in the 
vane from said interspace at the distal side of the vane. 

2. In a hydraulic‘ power unit, the combination of a 
Lgenerallycylindrical rotor, a. cam encircling said rotor, 
said rotor de?ning a plurality of circumferentially spaced 
vane slots therein opening outwardly through the periph 
ery of the rotor, each ‘vane slot being de?ned by two 
opposed side surfaces and being turned at a substantial 
angle to a radial line therethrough so that the side sur 
faces de?ning the slot have a distal and proximal rela~ 
tionship respectively with respect to the axis of the rotor, 
a pluraltiy of vanes slidably mounted in said respective 
slots to continuously engage said cam, each vane de?ning 
a cam engaging edge on the outer end thereof, each vane 
de?ning in the proximal side thereof a balancing cavity 
having an open face confronting the proximal side sur 
face‘of its slot, said balancing cavity in each vane being 
positioned in relation to the vane so that upon movement 
of the vane to its‘m‘ost extended position the open face of 
the cavity at the proximal side of the vane‘ is confronted 
over its entire extent by the proximal side surface of the 
coacting slot and the orthographic projection of said 
open face of the cavity on the plane of the distal side of 
the vane extends substantially beyond the periphery of 
the rotor, each vane being shaped‘ and‘formed in ‘rela 
tion to the coacting slot to continuously isolate the bal 
ancing cavity from the bottom of the coacting slot and 
from th‘e‘interspace between the cam and rotor adjacent 
the proximal side of the vane, each vane being shaped 

. to form a passage providing communication between 
the balancing cavity in the vane and the interspace be 

, tween the rotor and cam adjacent the distal side of the 
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vane to effect a balancing of pressure forces applied 
to the vane in a direction perpendicular to the central 
plane of the coacting slot, and each vane de?ning a 
‘cavity positioned to provide continuous communication 
"between the bottom of the coacting slot and the inter 
space between the cam and rotor at the proximal side of 
the vane. ‘ . 

3. In a hydraulic power unit, the‘ combination of'a 
generally cylindrical rotor, a cam encircling said rotor, 
said rotor de?ning a plurality of circumferentially spaced 
vane slots therein opening outwardly through the periph 
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cry of the rotorpa plurality of vanes slidably mounted in 7 
said respective slots to continuously engage said cam, 
each vane slot being de?ned by two parallel side surfaces 
and being turned at a substantial angle relative to a 
radial line therethrough so that the side surfaces de?ning 
the slot and the‘corresponding sides of the coacting vane 
have distal and proximal relationships respectively with 
respect to the axis of said rotor, each vane de?ning on 
the outer end thereof a cam engaging edge located adja'~ 
cent the distal side of the vane, each vane de?ning in 
the proximal side thereof a balancing cavity having an 
open face confronting the proximal side surface of. the 
coacting slot, each vane de?ning sealing surfaces there 
on engaging'the proximal side surface of the coacting 
slot to isolate the balancing cavity in each vane from the 
bottom of the coacting slot and from the interspace be 
tween the rotor and the cam at the proximal side of the 
vane; the thickness of each vane, the angle ‘at which each 
vane slot is turned with reference to a radial line there 
through, and the position on each vane of said open face 
of the ‘balancing cavity therein having a relationship to 
each other which causes the orthographic projection of 
said cavity face on the plane of the distal side of the vane 
to extend substantially beyond the periphery of the rotor 
when the vane is in its most extended position; each vane 
de?ning a passage connecting the balancing cavity in 
the vane vwith the interspace between the rotor and cam 
adjacent the distal side of the vane to provide a substan 
tial balancing of pressure forces applied to the vane in 
a direction perpendicular to the central plane of the co 
acting slot, and each vane being shaped to de?ne a pas 
sage'providing continuous communication between the 
bottom of the coacting slot and the interspace between‘ 
the cam and rotor at the proximal side of the vane while 
.at the same time maintaining isolation of said balancing 
cavity in the vane from said interspace at the proximal 
side of the vane. ' 

4.'In ‘a hydraulic power unit, the combination of a 
rotor, means de?ning a cam surface encircling said rotor, 
said rotor de?ning a plurality of vane slots therein, a 
plurality ,of vanes slidably mounted in said respective 
slots to continuously engage said c-arn' surface, each of 
said slots being turned at -a substantial angle with respect 
to a radial line therethrough so that opposite sides of 
eachvane ‘and the corresponding sides of the coacting 
slot have distal and proximal relationships respectively to 
the axis of the rotor, each vane de?ning a cam surface 
sealing edge positioned for slidable engagement with said 
cam surface, each vane de?ning in the proximal side 
thereof -a balancing cavity continuously confronting the 
proximal side of the coacting slot to de?ne therewith a 
balancing interspace, said balancing cavity having a posi 
tion on the vane such that the orthographic projection 
of the balancing cavity on the plane of the distal side 
of the vane extends beyond the rotor at the distal side 
,of the coacting slot when the vane is in its fully extended 
position, each vane de?ning ‘on the proximal side thereof 
a narrow sealing surface located between said balancing 
cavity and the outer end of the vane and positioned on 
the vane to continuously engage the proximal side of the 
coactingslot even when the vane is in its fully extended 
position to continuously isolate said balancing cavity ‘from 
the interspace between said rotor and said cam surface 
at the proximal side of the vane, said narrow sealing sur 
face on each vane extending beyond said sealing edge on 
the" vane with respect to the inner extremity of the vane, 
and each vane being shaped to form a passage for con— 
necting said balancing cavity in the vane with the inter 
space between the rotor and cam surface adjacent the 
distal side of the vane to' effect a balancing of the lateral 
forces of ?uid pressure on the vane. 

5. In ‘a hydraulic power unit, the combination of a 
cylindrical body, means de?ning a cam surface encircling 
said body, said body de?ning a plurality of circumferen 
tially spaced vane slots therein, a plurality of vanes slid 
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ably mounted in said respective slots to continuously 
engage said cam surface, each of said slots being turned 
at a substantial angle with respect to a radial line there 
through so that opposite sides of each slot and the cor 
responding sides' of the vane have distal andlproxirnal 
relationships respectively to the axis of said body, each 
vane being recessed on the distal and proximal sides there 
of to de?ne in the vane distal and proximal balancing 
‘cavity spaces which coact with the corresponding sides 
of the coacting slot to de?ne between the vane and the 
coacting slot distal and‘proximal vane balancing inter 
spaces, said balancing cavity spaces in each vane being 
located in relation to the vane so, that the orthographic 
projection of the proximal cavity space on the plane of 
the distal side of the vane materially and continuously 
overlaps a similar projection of the distal cavity space 
in the vane and extends substantially beyond the periphery 
of said body at the distal side of the coacting slot when 
the vane is in its most extended position, each vane being 
shaped to form ?uid passage space connecting the distal 
and proximal ‘cavity spaces in the vane, the distal side of 
each slot being shaped in relation to the coacting vane 

V to continuously provide communication between the adja 
cent cavity space in the vvane and the interspace between 
said body and the'cam' surface adjacent the distal side of 
the vane even when the vane is in its fully retracted posi 
tion to effect ‘a balancing of the lateral forces of pressure 
von the vane, and each vane including means for continu 
ously isolating the balancing cavity spaces the vane 
from communication with the interspace between the cam 
surface ‘and said body adjacent the proximal side of‘the 
vane. 

6. In a hydraulic power unit, the combination of a 
rotor, means de?ning a cam surface encircling said rotor, 
said rotor defining a plurality of circumferentially spaced 
vane slots, a plurality of vanes slidably mounted in said 
respective slots to continuously engage said cam surface, 
each vane slot being de?ned by opposed side surfaces and 
being turned at a substantial angle relative to a radial 
line through the center of the slot so that opposite sides 

. ‘of the slot and the corresponding sides of the vane therein 
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have distal and proximal relationships respectively with 
respect to the axis of said rotor, each vane de?ning in the 
proximal side thereof a balancing cavity confronting the 
proximal side surface of the, coacting slot to de?ne there 
with a vane balancing interspace; the thickness of each 
vane, the angle at which each vane slot is turned with 

"reference to a radial line through the center ‘of the slot, 
and the position on each vane of said balancing cavity 
therein having a relationship to each other which causes 
the. orthographic projection of the cavity on the plane of 
the distal side of the vane to extend substantially beyond 
the distal side of the slot when the vane is in its most 
extended position while the proximal side of the cavity 
isat the same time con?ned within the rotor so ‘as to 

~ remain confronted over the entire extent of the proximal 
side of the‘cavity by the proximal side surface of the 
coacting slot; and each vane being shaped to form a pas 
sage connecting said balancing cavity therein with the 
interspace between said rotor "and said cam surface at the 
distal side of the vane when the vane is in ‘an extended 
position. i 

7. In a hydraulic power unit, the combination of a 
‘rotor, means de?ning 'a cam surface encircling said rotor, 
said rotor de?ning a plurality ‘of circumferentially spaced 
vane slots, a plurality of vanes slidably disposed in said 
respective slots to engage said cam surface, each of said 
slots being turned at a substantial angle with respect to 
a radial line through the center thereof so that opposite 
sides of each slot and the corresponding sides of thevvane 
therein have distal and proximal relationships to the axis 
of said body, each vane being recessed on the distal and 
proximal sides thereofto de?ne in, the vane distal and 
proximal balancing cavity spacesgwhich coact with the 
corresponding sides of the coacting slot to de?ne there 
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with distal and proximal vane balancing interspaces, said 
balancing cavity spaces in ‘each vane ‘being located in 
relation to the vane so that the orthographic projection 
of the proximal cavity space on the plane of the distal 
side of the vane materially and continuously overlaps a 
similar projection of the distal cavity space in the vane 
and extends substantially beyond the periphery of said 
rotor at the distal side of the coacting slot when the vane 
is in its most extended position, each vane being shaped 
to form ?uid passage space connecting the distal and 
proximal cavity spaces in the vane, said ‘rotor and said 
vanes including means for continuously applying to the 
inner ends of said respective vanes the ?uid pressure pre 
vailing between said rotor and said cam surface at the 
proximal sides of the respective vanes, and means coact 
ing ‘with each vane to effect application to each vane of 
an outward force developed by ?uid pressure which is 
at least equal to the pressure of ?uid between said rotor 
and said cam surface at the distal side of the vane. 

8. In a hydraulic power unit, the combination of a 
cylindrical body, means de?ning a cam surface encircling 
said body, said body de?ning a plurality of circumfer 
entially spaced vane slots, a plurality of vanes slid-ably 
disposed in said respective slots to engage said cam sur 
face, each of said slots being turned at a substantial angle 
with respect to a radial line through the center thereof 
so that opposite sides of each slot and the corresponding 
sides of the vane therein have distal and proximal rela 
tionships to the axis of said body, each vane being recessed 
on the distal and proximal sides thereof to de?ne in the 
vane distal and proximal ‘balancing cavity spaces which 
coact with the corresponding sides of the coacting slot to 
de?ne therewith distal and proximal vane balancing inter 
spaces, said balancing cavity spaces in each vane being 
located in relation to the vane so that the orthographic 
projection of the proximal cavity space on the plane of 
the distal side of the vane materially and continuously 
overlaps a similar projection of the distal cavity space 
in the vane and extends substantially beyond the periphery 
of said body at the distal side of the coacting slot when 
the vane is in its most extended position, and each vane 
being shaped to form ?uid passage space connecting the 
distal and proximal cavity spaces in the vane. 

9. In a hydraulic power unit, the combination of a 
rotor, means de?ning a cam surface encircling said rotor, 
said rotor de?ning a plurality of circumferentially spaced 
vane slots, a plurality of vanes slidably disposed in said 
respective slots, each of said vanes de?ning a cam sealing 
edge confronting said cam‘ surface for engagement there 
with, each of said slots being turned at a substantial angle 
with respect to a radial line through the center thereof 
so that opposite sides of each slot and the corresponding 
sides of the vane have distal and proximal relationships 
respectively to the axis of said body, said sealing edge 
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on each vane being located adjacent the distal side of 
the vane in relation to the thickness of the vane between 
the proximal and distal sides thereof, each vane being 
recessed on the proximal side thereof to de?ne in the vane 
a proximal balancing cavity which continuously confronts 
the proximal side of the coacting slot to de?ne therewith 
a proximal vane balancing interspace, said balancing 
cavity in each vane having a position along the medial 
plane of the vane which is closely adjacent the position 
along said plane of said cam sealing edge on the vane, 
and each vane being shaped to form ?uid passage space 
for connecting said proximal balancing cavity in the vane 
with the interspace between the rotor and cam surface at 
the distal side of the vane when the vane is extended. 

10. In a hydraulic power unit, the combination of a 
rotor, means de?ning a cam surface encircling said rotor, 
said rotor de?ning ‘a plurality of circumferentially spaced 
vane slots, a plurality of vanes slidably disposed in said 
respective slots, each of said vanes de?ning a sealing edge 
adapted to engage said cam surface, each of said slots 
being turned at a substantial angle with respect to a 
radial line through the center thereof so that opposite 
sides of each slot and the corresponding sides of the vane 
have distal and proximal relationships respectively to the 
axis of said body, said sealing edge on each v-ane being 
positioned proximate to the distal side of the vane in 
relation to the thickness of the vane between the proximal 
and distal sides thereof, each vane being recessed on the 
distal and proximal sides thereof to de?ne in the vane 
distal and proximal balancing cavity spaces which coa'ct 
with the corresponding sides of the coacting slot to de?ne 
therewith :distal and'proxim'al vane balancing interspaces, 
said distal ‘and proximal cavity spaces in each vane being 
located in relation to the vane so that the positions of 
the distal and proximal cavity spaces along the medial 
plane of the vane are closely adjacent the position along 
the same plane of said sealing edge, and each vane being 
shaped to form ?uid passage space connecting the distal 
and proximal cavity spaces in the vane. 
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