
June 28, 1966 C. E. AdAMS ETA 3,257,958 
ROTARY WANE FLUID POWER UNIT 

Original Filed Sept. l4, 1962 4. Sheets-Sheet l 

ZZ7 
1. 

s 
s 

S. SS 
25SZ 

$Se KS 
2523/S saga E See 

m- Sy 
T 106--- 

S - N y/y 

S2; 2 g N3 % 

; 

44 

26 

g N 
AAFSN 520 5. A. N N- 7676? 

illilih. - O S 5A - 136 its 32 y se 342 
2 

Z24 NN 
Z OS 225 23; 

92 94. INVENTOR. 
CECIL E. ADAMS 

F.G. 5 BY JOHN F. HEDGE 
OLSON, TREXLER 

WOLTERS 8 BUSH NELL 

  

    

    

  

    

  

  

  

  

  

  

  

  

  

  

  

  

  

    

  

  

  



June 28, 1966 C, E, ADAMS ETAL 3,257,958 
ROTARY WANE FLUID POWER UNI 

Original Filled Sept. 14, 1962 4. Sheets-Sheet 2 

Š2. '2% 
N S. 22 

84 

Saises N NSZZ&ZZZZ&Z :S Naszászs, 
Real- 22A-A2 

34 SAE 
rezsassiss 

O4 Nefs;zsÉN arSSL S (N N 
S N N. 

NY.2% ES 

S 

INVENTORS. 
CEC. E. ADAMS 
JOHN F. HEDGE 

OLSON, TREXLER 
WOTERS 8 BUSHNELL 

  

    

  

  

  

  

    

  

  

  

    

    

  

  



June 28, 1966 C. E. ADAMS ETA 3,257,958 
ROTARY WANE FLUID POWER UNIT 

Original Filed Sept. la, 1962 4. Sheets-Sheet 3 

al 2 

is SX S sets SX) D 182-22 SSX& 
Y 5:23 oba 

2 

Se22.ÉSN 

&I. N 
s 

is N N-2% Š 

so 

SS4 

sea 

INVENTORS. 
CECIL E. ADAMS 
JOHN F. HEDGE 

BY 
OLSON, TREXLER 

WOLTERS 8 BUSHNELL 

  

  

    

    

    

  

  

  

  

  

  

      

  



June 28, 1966 C. E. ADAMS ETAL 3,257,958 
ROTARY VANE FLUID POWER UNI 

Original Filled Sept. 14, 1962 4. Sheets-Sheet 4 

O 26b 7's 2 

OsR 3N.Ne:N S S É 

2 
SN 

159 fo INVENTORS, 
CECIL. E. ADAMS 

FIG. 5 JOHN F. HEDGE 
BY 
OLSON, TREXLER 

WOLTERS 8 BUSH NEL L. 

  

  

  



United States Patent Office 3,257,958 
Patented June 28, 1966 

3,257,958 
ROTARY WANE FLUED POWER UNIT 

Cecil E. Adams, Columbus, and John F. Hedge, Worth 
ington, Ohio, assignors to American Brake Shoe Com 
pany, New York, N.Y., a corporation of Delaware 

Continuation of application Ser. No. 223,748, Sept. 14, 
1962. This application Mar. 29, 1965, Ser. No. 445,855 

26 Claims. (C. 103-136) 

The present application is a continuation of applicants' 
copending application Serial No. 223,748, filed Septem 
ber 14, 1962, now abandoned. 
The present invention relates to rotary vane pumps and 

motors, which for convenience will be referred to gen 
erally as rotary vane "fluid power units.” A fluid power 
unit of this character is disclosed in United States Patent 
No. 2,832,293, issued April 29, 1958, to one of the appli 
cants of the present application and Yung Ho Sun. 
As compared to other types of pumps and motors, 

rotary vane pumps and motors characteristically afford 
advantages including relatively low-initial cost of manu 
facture and relatively small physical size. However, the 
performance capabilities now being sought from vane 
pumps and motors have greatly increased the significance 
of limitations and shortcomings inherent in conventional 
pumps and motors of this type. The capabilities being 
sought in rotary vane fluid power units include lengthened 
durability or service life, capacity to work efficiently and 
dependably against very high fluid pressures, and the 
capability of operating efficiently and dependably over a 
widespread speed range including very high operating 
speeds. 
One object of the invention is to provide a rotary vane 

fluid power unit having a new and improved construc 
tion which materially increases the performance capabili 
ties of the unit, while at the same time minimizing the 
physical size of the unit. . 
Another object is to provide an improved rotary vane 

fluid power unit having a novel construction which mini 
mizes to advantage the size of the unit, while at the same 
time providing an advantageous capability of the unit to 
operate against very high fluid pressures with efficiency 
and dependability over a long service life of the unit. 
Another object is to provide a rotary vane fluid power 

unit in which effective sealing engagement of the vanes 
with a coacting can surface is obtained by a new and 
improved construction which assures that each vane is 
continuously urged outwardly by a force that is effective, 
yet not excessive. 
Another object is to provide a rotary vane fluid power 

unit having an improved construction which assures that 
each vane is continuously urged outwardly, while at the 
same time serving during operation of the unit to effect 
through fluid pressure a cyclic increase in the outward 
force on the vane, which cyclic increase in force is auto 
matically synchronized to advantage with progress of the 
vane along a coacting cam surface. 
Another object is to provide a rotary vane power unit 

of the above character in which high performance capa 
bilities are achieved in a unit of significantly minimized 
size by virtue of an improved construction which at once 
(1) effects an application to each vane by fluid pressure 
of a highly advantageous outward force, (2) provides to 
eacn vane very extensive support from a rotor of mini 
mized size, and (3) produces great strength in the vane 
supporting rotor structure, while at the same time effec-. 
tively minimizing the size of the rotor. 

Another object is to provide an improved rotary vane 
fluid power unit in which the vanes are forced outwardly 
by fluid pressure energized structure which affords a highly 

2 
advantageous mutual reinforcement of portions of the 
rotor which slidably support the vane. 
Another object is to provide an improved rotary vane. 

fluid power unit in which the vanes are urged toward a 
5 coacting cam surface to great advantage by the cumula 

tive action of springs and the forces of fluid pressure. 
Another object is to provide a rotary vane pump in 

which the outward force, which must be applied to in 
dividual vanes moving through a fluid intake zone in the 
pump in order to maintain engagement of the vanes with 
the coacting cam surface when the pump is operated at 
high speeds, is minimized to great advantage by an im 
proved shaping of the vane slots and vanes that materially 
accelerates the flow of incoming fluid into the inner por 
tions of the vane slots while at the same time advan 
tageously minimizing the size of the fluid flow passages 
required within the pump rotor for supplying fluid to the 
inner portions of the slots. 
Another object is to provide a rotary vane pump hav 

ing high speed operational capabilities that are materially 
enhanced by virtue of an improved shaping of the vanes 
which in effect serves to centrifugally "pump' incoming 
fluid into the vane slots inwardly of the vanes as the vanes 
move outwardly in passing through a fluid intake zone 
in the pump. 
Another object is to provide a rotary vane fluid power 

unit in which maintenance of optimum pressure contact 
with the coacting cam surface or track of vanes moving 
through and beyond a fluid discharge zone in the unit is 
aided to great advantage by an improved control of the 
discharge of fluid from the vane slots. 
Another object is to provide a rotary vane fluid power 

unit in which an improved control of the discharge of 
fluid from the vane slots is provided and utilized to 
achieve at once a highly advantageous reduction of fluid 
resistance to inward acceleration and inward movement 
of vanes moving through a fluid discharge zone within 
the unit and an equally advantageous deceleration by fluid 
of inwardly motion of vanes passing from the fluid dis 
charge Zone to an adjacent sealing zone within the unit. 
Another object is to provide an improved rotary vane 

fluid power unit as recited in the preceding object in 
which the reduction of fluid resistance to inward move 
ment of the vanes is coordinated with the rotary motion 
of the vanes to maintain optimum pressure contact with 
the cam surface of vanes entering into a fluid discharge 
zone within the unit. 
Another object is to provide a rotary vane fluid power 

unit or pump of the character recited in the preceding 
objects which is capable of serving as either a pump or a 
notOr. 
Another object is to provide a rotary vane fluid power 

unit of the character recited in the preceding objects, 
which is inherently well adapted for economical manu 

55 facture. - 
Other objects and advantages will become apparent 

from the following description of the exemplary embodi 
ments of the invention illustrated in the accompanying 
drawings, in which: 
FIGURE 1 is an axial sectional view of a rotary vane 

fluid power unit embodying the invention; 
FIG. 2 is a transverse sectional view, taken along the 

line 2-2 of FIG. 1, and showing the cam ring, a seg 
ment of the housing and the high pressure porting in the 

65 latter rotated ninety degrees; 
FIG. 3 is an axial sectional view, taken along the line 

3-3 of FIG. 2; ' ' 
FIG. 4 is a face view of the pressure or cheek plate, 

taken with reference to the line 4-4 of FIG. 1; 
FIG. 5 is a fragmentary perspective view, taken gen 

erally with reference to the line 5-5 of FIG. 1; 
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FiG. 6 is a perspective view on an enlarged Scale of 
a vane actuating rotor reinforcing element associated with 
each vane; 

FIG. 7 is a fragmentary sectional view taken along 
the arcuate line 7-7 of FIG. 2 and showing fluid Supply 
passages in the rotor for energizing fluid actuating ele 
ments for the respective vanes; 
FIG. 8 is a sectional view taken along the line 8-8 

of FiG. 1 and showing valve means used to supply operat 
ing fluid to the fluid actuating elements for the vanes 
from the connecting passage under a higher fluid pres 
Sure; 

FIG. 9 is an axial sectional view similar to the central 
portion of FIG. 1 but showing a modified construction 
of the unit; 

FIG. 10 is a fragmentary sectional view taken along 
the line 10-10 of FIG. 9; 

FIG. 11 is a fragmentary sectional view on an en 
larged scale taken with reference to the line 11-11 of 
FIG. 2, but showing a slight modification of the struc 
ture used in the unit of FIGS. 1 to 8; 

FIG. 12 is a fragmentary sectional view taken along 
the line 12-12 of FIG. 11; 

FiG. 13 is a fragmentary sectional view taken with 
reference to the line i3-13 of FIG. 1 but illustrating 
in phantom the relationship of one end of a typical vane 
and vane slot to adjacent outlet port structure as the vane 
moves into one fiuid discharge Zone; 

FIG. 14 is a view similar to FIG. 13 but illustrating 
a later phase in the movement of the vane and slot 
through the fluid discharge Zone in which the inner por 
tion of the slot is fully alined with the adjacent port 
structure; and 

FIG. 15 is a view similar to FIG. 14 but illustrating 
a still later phase in the progress of the vane and slot 
through the fluid discharge Zone in which the inner por 
tion of the slot is displaced beyond the adjacent port 
Structile. 

Referring to the drawings in greater detail, the pump 
20 forming the embodiment of the invention illustrated 
in FIGS. 1 to 8 comprises a rotor 22 encased within a 
pump housing 24 which includes, as shown, a cam ring 
26 encircling the rotor. The inner periphery of the cam 
ring 26 defines a cam surface 28 encircling the periphery 
30 of the rotor, and being shaped and positioned to de 
fine with the outer periphery of the rotor two arcuate 
spaces 32 for fluid located generally on diametrically 
opposite sides of the rotor, FIG. 2. 
The two opposed spaces 32 constitute in the pump 20 

pumping spaces for fluid. The two spaces 32 are not 
necessarily discontinuous, since the space between the 
can surface 28 and the rotor periphery 30 extends all 
the way around the rotor. However, the spacing be 
tween the can surface 28 and the rotor periphery 30 
narrows between the two pumping spaces 32 to the ex 
tent that these spaces may here be regarded as being 
discontinuous. 

It will be understood that the pump 20 is a balanced 
pump and that the forces on the rotor of fluid under 
pressure within the opposed spaces 32 are largely bal 
anced. 
The rotor 22 is supported and driven by a splined 

drive shaft 34 journalled in the housing 24. As shown 
best in FiG. 1, opposite ends of the rotor 22 define and 
are bounded by two flat end faces or surfaces 35, 37. 
One end face 35 of the rotor 22 has a running fit with 
a ported annular Surface 36 on a segment 38 of the hous 
ing 24. The opposite end face 37 of the rotor 22 has a 
running fit with a ported surface 40 of a floating pressure 
or cheek plate 42, which is urged axially against the rotor 
by fluid under pressure, as will presently appear. 

In this instance, the rotor 22 turns clockwise as viewed 
in FIG. 2, and as indicated by the arrow 44. The fiuid 
intake or Suction end of each of the pumping spaces 
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4. 
32 (the counterclockwise end as viewed in FIG. 2) is 
connected to an inlet or suction passageway 46 formed in 
the section 48 of the pump housing 24. As shown in 
FIGS. 1, 2 and 3, the intake passageway 46 connects 
with two annular passages 50 formed in the housing 24 
in generally encircling relation to the cam ring 26. The 
two passages 50 communicate continuously with the in 
take end of each pumping space 32 through two intake 
ports 52, 54 formed in the housing section 38 and cheek 
plate 42 for each space 32, as shown in FIG. 3, and 
communicating at opposite end of the rotor with the 
intake end of the adjacent pumping space 32. 
The opposite or discharge ends of the pumping spaces 

32 (the clockwise ends with reference to FIG. 2) are 
connected continuously to an outlet or discharge pas 
Sageway 56 formed in the housing section 38, FIG. 1. 
As shown the outlet passageway 56 communicates with 
the outlet ends of the pumping or working spaces .32 
through ports 53 opening through the rotor confronting 
face 36 in the housing section 38, FIG. 1, in circumfer 
entially spaced relation to the intake ports 52 and 54 
communicating with the inlet ends of the spaces 32, FIGS. 
2 and 3. 
The rotor 22 carries an annular series of vane units 

60, FIGS. 1, 2 and 5, which operate upon rotation of 
the rotor to move fluid through each of the pumping 
spaces 32 from the associated intake ports 52, 54 to 
the coacting discharge port 58. - 

Each vane unit 60 comprises a flat vane 62 slidably 
disposed within a coacting slot 64 in the rotor 22. Each 
slot 64 extends between opposite ends of the rotor 22 
and opens outwardly through the periphery of the rotor 
to allow the coacting vane 62 to project outwardly into 
sliding engagement with the cam surface 28. 
As shown, the outer end of each vane 62 defines two 

spaced parallel edges 66, 68, one or both of which are 
caused to continuously engage the cam surface 28. The 
outer end of each vane is subject to exposure to the pres 
Sure of fluid in the interspace adjacent the vane between 
the periphery of the rotor and the encircling cam sur 
face 28. In this instance, the outer end of each vane 62 
defines a surface 70 located between the sealing edges 66 
and 68. The force of fluid pressure on the surface 70 
tends to urge the vane inwardly. As shown, the surface 
79 on the outer end of each vane is recessed inwardly of 
the adjacent sealing edges 66, 68 to define a groove 72 
extending the full axial length of the vane. 

Effective sealing engagement of each vane 62 with the 
can Surface 28 is assured continuously by the cumula 
tive action on the vane of the outward force of fluid 
preSSure on the inner edge of the vane, the outward force 
of spring pressure applied to the vane, and the outward 
force of fluid under a high pressure continuously applied 
to a high pressure vane biasing area associated with 
each vane and isolated from direct communication with 
the inner edge of the vane, as will be described. More 
over, each vane unit 60 has a construction which pro 
vides the desired outward biasing forces for a coacting 
Vane, while at the same time providing extensive and 
highly efficient Support to the vane and affording a highly 
effective reinforcement of the rotor structure which sup 
ports the vane. 
As shown in FIGS. 1 and 5, the inner edge of each 

vane defines a second biasing surface 74 extending across 
the full axial length of the vane. Fluid pressure applied 
to the Surface 74 acts to urge the vane outwardly, as previ 
ously intimated. 
The Space between the inner edge surface 74 of each 

Vane and the bottom of the coacting vane slot 64 is con 
tinuously connected to communicate with the first sur 
face 78 on the outer edge of the vane. The two ends 
of each vane 62 at the ends of the rotor 22 are medially 
grooved to define medial channels 76 connecting opposite 
ends of the outer vane groove 72 with the inner vane sur. 
face 74. Also, two spaced parallel bores 78 are machined 



5 
in each vane 62 to extend inwardly through the vane 
from the outer groove 72 to the inner surface 74. 
The third force of fuid pressure acting on each vane 

is produced by structure which extends outwardly in 
the coacting vane slot an extensive distance outwardly 
beyond the inner extremity of the vane. 
As shown in FIGS. 2, 3 and 5, each vane is shaped 

to define a central notch 82 of substantial width extend 
ing between opposite sides of the vane and extending out 
wardly from the inner extremity of the vane for a very 
substantial distance. As illustrated, each notch 82 has 
a radial depth, measured from the inner extremity of the 
vane to the bottom of the notch, which is somewhat 
greater than one-half the corresponding total radial 
dimension of the vane from the inner to the outer radial 
extremities of the vane. Also, each vane notch 82 has 
substantial width measured axially with respect to the 
OtOr. 
Each vane notch 82 accommodates a central plug 84 

which is machined separately from the rotor 22. A typical 
plug 84 is illustrated in perspective in FIG. 6, and has 
a form which is adapted to be manufactured economically 
with precision. 
As shown, each plug 84 has a relatively wide outer 

portion 86 adapted to fit firmly within the coacting slot 
64 and provide mutual reinforcement to adjacent por 
tions of the rotor defining opposite sides of the slot. The 
two opposite rotor engaging faces 88, FIG. 6, of the plug 
segment or portion 86 are designed to fit firmly against 
the opposing sides of the coacting slot. Preferably, a 
medial, generally radial groove 90 is formed in each face 
88 of each plug to facilitate insertion of the plug into a 
coacting vane slot in the rotor. This construction of the 
plugs makes for economy of manufacture while at the 
same time affording a close fitting relationship of the 
plugs and rotor so that optimum reinforcement is provided 
to the rotor by the plugs. 
The inner end of each plug 84 defines a cylindrical 

projection 92 designed to fit into a cylindrical bore 94 ex 
tending into the rotor 22 from the bottom of the coact 
ing slot 64, as shown in FIGS. 1, 2 and 3. 

Each plug 84 is centrally bored longitudinally from 
the outer end of the plug to define an outwardly open 
cylinder 96, FIG. 5, which stops short of the extreme 
inner end of the plug. The cylinder 96 receives a freely 
movable yet close fitting plunger 98 having a tapered 
outer end extending beyond the plug and adapted to en 
gage the inner edge of the coacting vane 62 at the bottom 
of the notch 82. 
A transverse bore 100 formed in the cylindrical projec 

tion 92 of each plug 84 intersects the plug cylinder 96 
inwardly of the plunger 98 and connects with an oblique 
bore 182 formed in the rotor 22 and extending between 
opposite end faces of the rotor at an angle to the axis 
of the rotor, as illustrated in FIGS. 1, 5 and 7. An an 
nular series of bores 102 are drilled in the rotor 22 in 
wardly of the slots 64 for feeding high pressure fluid to 
the cylinders in the respective plugs. 

Opposite ends of the high pressure bores 102 contin 
uously communicate with annular grooves 104, 106 
formed in the opposing faces of the housing section 38 
and cheek plate 42. 
The annular groove 106 in the cheek plate 42 is con 

nected through bores 108, FIG. 1, with an annular pres 
sure space 110 defined between the end of the cheek 
plate 42 opposite from the rotor 22 and the housing sec 
tion 38. The annular pressure space 118 is continuously 
connected with the high pressure end of one of the 
pumping spaces 32 by means of an automatic spool valve 
112, FIGS. 1, 3 and 8. 

As. shown, the spool valve 112 comprises a valve spool 
114 slidably mounted in a chordal bore 116 in the pres 
sure or cheek plate 42. An axial bore 118 in the cheek 
plate extends from the space 110 to intersect the center 
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of the bore 116. Opposite ends of the bore 16 are 
stoppered by threaded plugs 129. A port 122 in the 
plate 42 connects one end of the bore 116 with an in 
take port 54, FIGS. 3 and 9, for the working space 32 
which supplies fluid to the pressure space 110. The other 
end of the same working space 32 is connected through 
a passage 124 in the cheek plate 42, FIG. 1, and a bore 
126 with the end of the bore 116 opposite the bore 122. 
Two flatted enlargements 128 on the spool 114 engage 

the bore 116 to guide the spool. A central enlargement 
130 on the spool 114 slidably engages the bore 116 and 
forms a seal between the bores 22, 126, whereby the 
spool 114 automatically moves to the low pressure end 
of the bore 116 to connect the pressure space 110 with 
the high pressure end of the bore 116 and hence with the 
high pressure end of the connected working space 32. 

This construction provides an extended versatility in 
the use of the illustrated pump 20, in that the pump can 
be reversed, if so desired, to receive fluid through the 
passageway 56, and to discharge fluid through the pass 
ageway 46. Also, the same structure can be used as a 
fluid motor in which operating fluid is supplied under 
pressure to either of the passageways 46, 56 and dis 
charged through the other of the passageways 46, 56. 
For any of these modes of operation, the valve 112 auto 
matically supplies fluid from the high pressure end of 
the connected working space 32 to the space 110 where 
it acts to urge the pressure or cheek plate 42 axially 
against the rotor 22. This same high pressure fluid is. 
connected through the bores 108, 102 and 100 to the 
inner ends of the plug cylinders 96, as described, where 
this high pressure fluid acts on the inner end of each 
plunger 98 to urge the coacting vane 62 outwardly, as 
described. Thus, the inner end of each plunger 98 de 
fines a third surface 132 on which high pressure fluid 
acts to urge the coacting vane outwardly. 
As shown, outward spring force is continuously applied 

to each vane 62 by two helical compression springs 134, 
136 disposed on opposite sides of the intervening plug 
84, as shown in FIGS. 1, 3 and 5. The springs 134, 136 
for each vane have outer, power applying ends 135,137 
extending into counterbores 138, 140 in the vane bores 
78, FIG. 5. The springs 134, 136 are smaller in di 
ameter than the counterbores 138, 140 and the power 
applying ends 135, 137 of the springs press against the 
outer ends of the counterbores 138, 40 for movement 
in and out with the vane. The inner ends 139, 141 of 
the springs 134, 136 rest on seats 142, 144 in shallow 
bores 146, 148 extending into the rotor 22 from the 
bottom of the coacting vane slot 64. Thus, the inner or 
support ends 139, 141 of the springs 134, 136 are sta 
tionary with respect to the rotor 22 with the result that 
the springs are flexed and store energy upon inward 
movement of the vane and subsequently release energy 
by relaxation to extend the vane. 

All the forces applied to each vane 62 and tending to 
move the vane within the rotor slot operate cumulatively 
to assure continuous and effective engagement of the vane 
with the cam surface 28 under all operating conditions. 
In this connection it should be borne in mind that the 
outward force required to keep each vane in optimum 
engagement with the cam surface 28 varies as the vane 
progresses through its annular path or orbit. - 
As each vane 62 moves through the fluid intake end 

or Zone 150 of each pumping space 32 the vane must 
move outwardly in its slot to maintain its contact with 
the cam surface. (For convenience in identification, the 
successive zones including the intake zones 150 within 
the pump through which a vane passes are denoted in 
FIG. 2 by the corresponding radial angles of the annular 
path of the vane.) Moreover, each vane must be moved 
radially outward in each intake zone at a speed that is 
commensurate with the rotary speed of the rotor. The 
force required to accelerate each vane radially outward 
sufficiently to maintain the vane in contact with the cam. 
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surface as the vane moves through each intake Zone in 
creases as an exponential function of the rotary speed 
of the rotor 22 and for this reason can become very high 
as rotor speeds are increased to increase the output vol 
ume that can be obtained from a pump of any particular 
SZ. 

In the pump described, the plunger 98 coacting with 
each vane provides for forcing the vane outwardly with 
in each intake zone 150 a force which is very powerful 
in relation to the transverse area of the plunger by virtue 
of the fact that the inner end surface 132 of the plunger 
is continuously subjected to the high output pressure of 
the pump and the outer end of the plunger and the Outer 
edge of the vane are exposed to the much lower pressure 
of fluid entering the intake zone. Thus, in the pump, 
each vane plunger 98 can make available for extending 
the coacting vane in an intake zone 150 a force which 
is far greater than the vane extending force that can be 
provided by a spring that can be accommodated within 
a similar space in the pump rotor. Moreover, the out 
ward force of each plunger 98 does not decrease as the 
coacting vane moves outwardly. Consequently, the 
pump can be driven at high speeds to obtain high output 
capacity with assurance that vanes passing through the 
intake zones 150 are held in contact with the can surface 
28 by applied forces including those applied by the 
plungers 98. 
As previously intimated, the construction of the pump 

serves not only to maximize the efftctive output capacity 
of the pump, but also to minimize the size of the pump. 
In this connection, it is especially noteworthy that the 
structure which defines the plunger cylinders 96 extends 
radially out into the vane slots 64 a very substantial dis 
tance radially beyond the inner extremities of the slots 
and a substantial distance radially beyond the inner 
positions of the inner extremities of the vanes. More 
over, the plunger cylinder defining structure, i.e., the 
plugs 84 in the pump described; transmits forces between 
adjacent rotor sectors 51 intervening between and de 
fining the rotor slots 64 to the end that these rotor 
sectors mutually reinforce each other in sustaining the 
reaction of the vanes on the rotor sectors. The reaction 
on each rotor sector 15i of the adjacent vanes changes 
as the vanes progress through their orbit. The strength 
which each rotor sector must have to withstand the re 
actions of the adjacent vanes is sharply reduced by the 
mutual reinforcement of the rotor sectors all of which 
are not loaded to the same degree at once. 
As a consequence, the root diameter of the vane slots 

64 can be markedly reduced. This permits a similar re 
duction in the overall diameter of the rotor without re 
ducing the radial depth of the vane slots. This results 
in a very significant reduction in the overall size of the 
pump, while at the same time providing vane slots of 
extensive overall radial depth which accommodate vanes 
62 that have overall radial dimensions sufficient to enable 
the vanes to project individually a very extensive dis 
tance beyond the rotor, while at the same time provid 
ing optimum support to the vanes against high fluid 
pressures. The fact that the medial inner portions of 
the vanes 62 are cut away to accommodate the plunger 
cylinder defining structure which provides the desired 
reinforcement of the rotor sectors 151 does not signifi 
cantly weaken the vanes or materially reduce the sup 
port provided to the vanes, since the overall radial di 
mensions of the vanes are not reduced. 

Having reference to the construction of the rotor 22 
as illustrated in the drawings, it will be appreciated that 
the construction of the rotor itself, apart from the re 
inforcing plugs 84, is designed to maximize the bending 
strength of the individual rotor sectors 151 intervening 
between the vane slots 64. Except as they are mutually 
reinforced by the intervening plugs 34, the individual 
rotor Sectors 15 have the structural form of cantilever 
ing arms circumferentially spaced apart. 
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applied by the vanes 62 to the rotor Sectors 151 are 
sustained by the bending strength of the sectors 151. 

In keeping with established design principles used in 
the construction of high pressure, high performance vane 
pumps, the rotor sectors 151 intervening between the 
vane slots 64 are designed and constructed as illustrated 
in the drawings to maximize the bending strength of 
the rotor sectors. In this connection it is noteworthy 
that the forces transmitted by the vanes 62 to the rotor 
sectors 151 produce in the rotor sectors 151 bending 
moments that tend to increase toward the inner or base 
ends of the rotor sectors. Moreover the circumferential 
width of each rotor sector 15 decreases in an inward 
direction on account of the inwardly converging orienta 
tion of the slots 64. Consequently the applied bending 
StreSS on the rotor sectors 15 tends to increase in an 
inward direction. 
The rotor sectors 15; constructed as shown in the 

drawings are designed to provide within the axial limits 
of the rotor 22 and within the circumferential width 
limitations on the rotor sectors 15i, the maximum effec 
tive bending strength for the rotor sectors 51. 
As shown in the drawings, FIGS. 1 and 5, opposite 

axial ends of each rotor sectors 15 are flush with the 
flat rotor end faces 35, 37 and form portions of the end 
faces 35, 37. Each individual vane 62 has an axial length 
equal to the axial spacing between the rotor end faces 
35, 37 and is flush at its axial ends with the rotor faces 
35, 37. 

It will be evident from the foregoing observations that 
the bending stress on the individual rotor sectors 151 is 
greatest on the inner portions of the rotor sectors, par 
ticularly on the portions 153, FIG. 3, of the rotor 
Sectors i51 that extend inwardly from the radial posi 
tions occupied by the inner edges 74 of the two ad 
jacent Vanes 62 when the vanes are fully extended. 
Having reference again to the drawings, it will be noted 
that each rotor sector portion 153 has a minimum axial 
Width that is at least substantially equal to the maximum 
axial width of the portion of each adjacent vane 62 
that extends outwardly from the periphery of the rotor 
when the vane is fully extended, the flat end faces 35, 
37 of the rotor extending across opposite ends of each 
rotor Sector portion 153 and being flush with opposite 
ends of each adjacent vane 62. Moreover, the portion 
i53 of each rotor sector 15 located radially inward of 
the radial positions of the inner edges 74 of the fully ex 
tended adjacent vanes is of solid construction, as shown, 
that is impervious to the passage of fluid therethrough 
between the adjacent slots 64. The solid construction 
of the rotor Sector portions 153, extending the full 
axial width of the portions of the vanes 62 that project 
from the periphery of the rotor, serves to maximize the 
bending strength of the rotor sectors 151 while at the 
Sane time being impervious to the passage of fluid 
through the rotor sector portions 153 between the ad 
jacent slots 64. 

It is noteworthy at this point that rounding out of 
the bottoms of the vane slots 62 to form at the bottoms 
of the vane slots the transversely extending concave sur 
faces 155, identified in FIG. 5, increases the bending 
strength of the rotor sectors 151 by avoiding stress con 
centrations at the bottoms of the slots. 
The mutual reinforcement of the rotor sectors 151 

gained by means of the intervening plugs 84 as de 
Scribed magnifies the inherent Strength of the rotor sec 
tors, Solidly constructed as illustrated, to provide the 
powerful resistance to deflection of the rotor SectOS 
that permits minimization of the size of the rotor 22 
and radial deepening of the vane slots 64 to maximize 
the performance to size relationship of the unit as pre 
viously indicated. 
The two compression springs 134, 136 associated with 

each vane 62 apply continuous outward forces to the 
The forces 75 vane which act cumulatively with the outward force of 
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the associated vane plunger 98 to move the vane out 
wardly in continuous contact with the cam surface 28 
as the vane passes through each fluid intake zone 150 
as described. However, the forces of the springs 134, 
136 on each vane are not necessarily sufficient of them 
selves to maintain engagement of the vane with the 
cam surface 28 when the pump is operated at very high 
pressures. 
The two springs 134, 136 and the high pressure plunger 

98 associated with each vane 62 continue to act cumu 
latively to urge the vane outwardly into effective sealing 
engagement with the cam surface 28 as the vane passes 
from each fluid inlet zone 150 through a fluid transfer 
Zone 152, FIG. 2, to the adjacent fluid outlet zone 154. 

While the description of the forces acting on the vanes 
moving through the fluid intake zones 150 and the fiuid 
transfer zones 152 has been focused on the outward forces 
applied to each vane by the coacting springs 134, 136 
and the coacting high pressure plunger 98, it is necessary 
to bear in mind that these are not the only forces acting 
radially on the vanes. As previously intimated, each 
Vane is continuously subjected to the outward force of 
fluid pressure acting on the inner edge surface 74 of the 
vane and to the inward force of pressure acting on the 
outer edge surface 70 of the vane. In a general way, 
the inward and outward forces of fluid pressure acting 
on the vane surfaces 70 and 74 offset each other. This 
follows from the fact that the inner edge surface 74 of 
each vane is continuously connected with the outer edge 
surface 70 of the vane through the end grooves 76 and 
the bores 78 formed in each vane as described. 

However, the effective area of the outer edge surface 
70 of each vane, which is continuously connected with the 
inner edge Surface 74, is not necessarily precisely equal 
to the effective area of the inner surface 74 because of 
the formation on the outer edge of the vane of the two 
narrow sealing edges 65, 68. Yet, for the purpose of 
understanding the present invention, the effective area 
of the outer edge surface 70 of each vane may be re 
garded as being the same as that of the inner edge sur 
face 74 of the vane, so that the forces of equal fluid 
pressure on the two opposed surfaces 70, 74 are substan 
tially balanced. 

Also, it may be observed, with reference to FIGS. 5 
and 6, that the outer end E53 of each high pressure vane 
actuating plunger 98 is pointed somewhat in the form 
of a truncated cone to localize the engagement of the 
plunger with the inner edge of the adjacent vane. The 
outer end 153 of each plunger 98 is exposed to the same 
fluid pressure which acts on the adjacent vane surface 74. 
The inner and outer forces of equal fluid pressure 

applied to the outer and inner edge surfaces 79, 74 of 
each vane may be regarded as substantially offsetting 
each other. Yet provision is specifically made for creat 
ing and using pressure imbalances or pressure differen 
tials on the inner and outer edge surfaces 74, 70 of each 
vane to materially aid in maintaining optimum engage 
ment of the vane with the cam surface 28 as the vane 
moves through and beyond each fluid discharge Zone 154. 

In this connection, it is necessary to bear in mind that 
the maintenance of optimum engagement of the orbiting 
vanes with the cam surface 28 not only involves the 
matter of continuously applying to each vane sufficient 
outward force to hold the vane in engagement with the 
cam surface, but also the avoidance of excessive pressure 
engagement of each vane with the cam surface. 
As each vane passes through a fluid discharge Zone 154 

(see FIG. 2) the vane must move inwardly from its fully 
extended position to its retracted position. This requires 
that the vane passing through a fluid discharge Zone be 
accelerated inwardly by an inward force in contrast to 
the outward force which must be applied to each vane 
to accelerate the vane outwardly as it moves through an 
intake zone 150, as described. As each vane 62 moves 
into a fluid discharge zone 154 the fluid pressure on the 
outer edge surface 70 of the vane reaches the full output 
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pressure of the pump with the result that the coacting 
plunger 98 is no longer effective to urge the vane out 
wardly. 
As each vane moves into a fluid discharge zone 154, 

the cam surface 28 acts on the vane to accelerate the 
vane radially inward. When the rotor is turning fast, 
vanes moving through afluid discharge Zone gain a cor 
respondingly high radially inward velocity. 
The radially inward velocity gained by each vane mov 

ing through a fluid discharge zone 154 must be fully dis 
sipated by the time the vane passes from the discharge 
Zone into the adjacent sealing zone 156. Otherwise, the 
vane will move inwardly too far with the result that some 
or all of the vanes will separate from the cam surface 
28 and "ski jump' over an arc of the cam surface upon 
entering the sealing Zone 156 adjacent a fluid discharge 
zone 154. The result of any such separation from the 
cam surface can be a cause of accelerated wear on the 
cam surface and vanes and a material shortening of the 
service life of the unit, and it can permit fluid to pass in 
termittently from the high pressure fluid zone 154 across 
the sealing zone 156 to the low pressure zone 150 when 
ever the "ski jumping" vane is separated from the cam 
surface 28 within a sealing zone 156, thereby materially 
reducing the efficiency of the unit. 
To avoid jumping or skipping of a portion of the cam 

Surface by vanes passing from a fluid discharge zone 154 
to a sealing zone 156 it is necessary that the inwardly 
moving vanes be opposed by an outward vane decelerating 
force having sufficient strength to overcome the inward 
momentum of each vane and hold it in contact with the 
can surface. 
The outward forces on each vane passing from a fluid 

discharge Zone 154 include the centrifugal force pro 
duced by the mass of the vane, the plunger 98 and the 
springs 134, 136 as well as the forces of the springs 
134, 36. 
Each vane plunger 98, which is rendered hydraulically 

ineffective to urge the coacting vane outwardly upon entry 
of the coacting vane into a fluid discharge zone 154, again 
becomes effective to urge the coacting vane outwardly 
after the vane has passed beyond the discharge zone into 
into an adjacent sealing zone 56 and the fluid pressure 
on the outer vane edge surface 70 has dropped below the 
full output pressure of the pump. However, since the 
capability of each vane plunger 93 of exerting hy 
draulically a net outward force on its coacting vane in 
creases as the fluid pressure on the outer vane edge sur 
face 70 decreases, the powerful hydraulic output force 
which each vane provides for extending the coacting vane 
and maintaining it in optimum pressure contact with the 
cam Surface as the vane moves through a fluid intake 

60 
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Zone 150 and the adjacent transfer zone 152, as described, 
is not fully available for supplying radial force needed 
in maintaining assured contact of the vane with the cam 
Surface as the vane passes from a fluid discharge zone 
154 into an adjacent sealing zone 156. 
The cumulative value of the centrifugal and spring 

forces acting on each vane as it passes from a fluid dis 
charge Zone 154 may not be sufficient to overcome the 
inward momentum of the vane and keep it in contact 
with the cam surface, particularly at high rotor speeds. 
In this connection, it should be borne in mind that the 
strength of the springs 134, 136 coacting with each vane 
is limited by space restrictions with corresponding limita 
tions on the strength of the springs. 
The high pressure plunger 98 associated with each 

vane affords the inherent advantages of providing a power 
ful outward vane extending force where it is most needed 
in each fluid intake zone. Also, the outward force of 
each vane plunger 98 effectively disappears at the leading 
end of each discharge zone so that it does not oppose 
the necessary inward acceleration of each vane. Yet, 
despite these advantages, the high pressure plungers 98 
are of little or no help in decelerating the inward velocity 
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of the vanes as the vanes pass from the fluid discharge 
Zones 54. 

Deceleration of the inward velocity of the vanes 62 is 
very effectively aided by a fluid pressure differential dy 
nannically produced and applied to each vane only as 
it is needed for decelerating the vane radially. 
As shown in FIG. 1, the housing section 38 is shaped 

to define two elongated inner fluid outlet ports 159 which 
open through the rotor opposing surface 35 in radially 
inward relation to the respective fluid outlet ports 58, 
FIG. 2. Each inner discharge port 159 is positioned 
radially and circumferentially with reference to the axis 
of the rotor and the corresponding fluid discharge Zone 
154, so that the inner portion of each vane slot 64 is 
in communication with theinner port 159 when the cor 
responding vane enters the ramp portion of the can Sur 
face 28 which is within the fluid discharge Zone 154. 
As shown, the inner extremities of the individual vane 

slots 64 are axially bored with reference to the rotor to 
have a segmental cylindrical form 160, FIG. 2, and when 
each vane 62 is passing through an early portion of each 
discharge Zone 154 the inner end of the corresponding 
vane slot is in communication with the corresponding 
inner discharge port 159. 
The face 36 of the housing section 38 confronting the 

rotor 22 is as shown, shaped to define a groove 162 con 
fronting the rotor and extending from each inner fluid 
outlet port 59 to the leading end of the adjacent outer 
outlet port 58, FIGS. 2 and 13. 
While the dynamic fluid action that takes place in each 

fluid discharge Zone 154 can be most simply and ac 
curately visualized with refernce to the adjacent fluid out 
let ports 58 and 159 and outlet grooves 162 in the housing 
section 38, it should be pointed out with reference to 
FIGS. 1 and 4 that counterparts of the outlet ports and 
grooves in the housing section 38 are formed in the cheek 
plate 42. For each fluid discharge zone i54, the cheek 
plate 42 defines an inner port 165, an outer port 167, and 
a groove 163 opening through the plate surface 40 in a 
pattern FIG. 4, forming substantially a mirror image 
of the opposing outlet ports 159, 58 and groove 62 in 
the housing section 38. One of the inner cheek plate 
ports 165 is connected to the adjacent outer port 167 
by the previously mentioned passage 124, FIG. 1, and the 
other inner port 165 is connected to the adjacent outer 
port 167 by a similar passage 169 in the cheek plate. The 
outer cheek plate ports 167 communicate through ad 
jacent portions of the pumping spaces 32 with the op 
posing outlet ports 58. 

If desired, the grooves 62 and 163 used in the pre 
ferred construction illustrated can be omitted. 

Having reference to FIG. 13, each vane 62 upon mov 
ing into a fluid discharge zone 154 is effectively relieved 
of the outward hydraulic force of the coacting high 
pressure plunger 98. This removal of the radially out 
ward hydraulic force on the vane at that point at which 
it begins to traverse the cam ramp within the discharge 
section is highly advantageous since it is at this point 
that the inward acceleration of the vane is the greatest 
and therefore it is at this point that the greatest frictional 
forces between the cam surface 28 and the outer end of 
the vane exist. From the foregoing it will be seen that 
the tendency for the vane to gouge into the cam surface, 
at least on the leading portion of the ramp within the 
discharge section 154 will be minimized. 

During an early phase of the movement of a vane 
through a discharge zone 154, FIG. 13, the spring forces 
and the reversed effective force of vane acceleration which 
urge the vane against the cam Surface 28 are supple 
mented by a differential fluid pressure force on the vane 
produced dynamically as an incident to the forcing of 
fluid from the coacting vane slot inwardly of the vane. 
Inward movement of the valve forces fluid from the 
inner portion of the coacting vane slot out through the 
ports 159, the vane bores 78 and out through the end 
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grooves 76 in the vane. The fluid resistance to the out 
flow of liquid through the ports 159, the bores 78 
and grooves 76 is relatively low, with the result that in 
ward resistance to the movement of the vane by hydraulic 
forces is minimized. 
As movement of the vane progresses through a fluid 

discharge zone 54, the end grooves 76 in the vane move 
into registry with the outer ends of the grooves 162, 163 
in the housing section 38 and cheek plate 42, respectively. 
The grooves 162, 63 are disposed in oblique positions 
with reference to the plane of an adjacent vane so that 
registration or alinement of the grooves 162, 63 with 
the end grooves 76 in a passing vane begins at the pe 
riphery of the rotor 22 and progresses radially inward to 
ward the inner edge of the vane as movement of the vane 
continues in the rotary direction described. The effect 
of this is to progressively shorten the path of fluid which 
escapes from the inner portion of each passing vane slot 
out through the vane end grooves 76 in the coacting vane 
into the fluid discharge grooves 62, 163. Consequently, 
the resistance to the outflow of fluid from beneath the 
vane is even further reduced by the presence of the 
grooves 162 and 63, although, as previously stated, these 
grooves may be omitted if desired, and particularly when 
the ports 59, 165 are of sufficient size to accommodate 
the flow of fluid from beneath the vane in a substantially 
unrestricted manner. 

Continued rotary movement of each vane within each 
fluid discharge zone i54 brings the inner portion of the 
corresponding vane slot 64 progressively into full aline 
ment with the inner fluid outlet ports 159, 165 for the 
discharge zone. The effect of this is to reduce and vir 
tually eliminate the dynamically produced differential 
pressure on the vane surfaces 74 and 7 which urges the 
vane outwardly. The result is to minimize the fluid re 
sistance to inward vane movement where such resistance 
is undesirable. 

After the van passes from the position shown in 
FIG. 14, the vane must be radially decelerated to hold it 
in engagement with the cam surface 28. As illustrated in 
FIG. 15, continued rotary movement of a vane 62 moves 
the inner portion of the coacting vane slot 64 progres 
sively out of registration with the adjacent inner ports 
159, 165 so that the fluid which must be subsequently 
discharged from the inner portion of the vane slot must 
pass out through the relatively restricted vane bores 78 
and vane end groves 76. The result is to recreate dy 
namically a pressure differential on the inner and outer 
vane surface 74, 7 which acts outwardly to aid in de 
celerating inward movement of the vane as desired. 

In this connection, it should be appreciated that be 
cause of the rather large area of the inner edge surface 
74 of each vane, the volume of fluid displaced from the 
coacting vane slot as the vane moves inwardly is cor 
respondingly large, particularly in relation to the vol 
ume of fluid displaced by the coacting vane plunger 98 
from its cylinder 96. The relatively large volume of 
the fluid which must pass from each vane slot 64 within 
each fluid discharge Zone 154 makes it easier to con 
trol throtting or choking of the outflow of fluid from each 
vane slot in Synchronized relation to rotary movement 
of the coacting vane to obtain the desired radial de 
celeration of the vane. The rather substantial volume of 
fluid involved tends to relax the dimensional tolerances 
on the position and size of the grooves 62, 63 and 
inner ports 159, 165 which coact with the vanes to pro 
duce the desired dynamic vane decelerating forces. 
As each vane progresses from a fluid discharge Zone 
54 through the adjacent sealing Zone i56, it is effectively 

urged into sealing engagemednt with the cam surface 28 
by the coacting springs 134, 136. Also, there is a pro 
gressive escape of high pressure fluid trapped in the coat 
ing vane slot with the result that the pressure on the 
outer edge surface 7 of the vane progressively decays. 
The result is a progressive reactivation of the effective 
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ness of the high pressure vane plunger 98 in applying a 
net outward force to the vane, so that when the vane 
reaches the next fluid intake zone 150 both the Springs 
134, 136 and the high pressure plunger are fully effective 
to urge the vane outwardly, as previously described. 

It is particularly noteworthy that even though the 
springs 134, 136 for each vane do not necessarily have 
sufficient strength of themselves to maintain the vane in 
continuous contact with the cam Surface 28, the Springs 
serve a highly advantageous function in maintaining the 
coacting vane in engagement with the cam surface when 
the high pressure vane plunger 98 is not fully effective. 
In particular, the springs serve to great advantage in 
maintaining contact of the coacting vane with the can 
surface as the vane moves from each fluid outlet Zone 
154 into and through the adjacent sealing Zone i56. 

Also, the vane springs 134, 36 serve to advantage 
when the unit is used as a fluid motor, in which instance 
the springs assure contact of the vanes with the can Sur 
face 28 for starting the unit. 
As each vane 62 moves outwardly within each fluid 

intake zone 150, fluid must flow into the inner portion of 
the coacting vane slot 54 to fill the space within the slot 
inwardly of the vane. The matter of maintaining the 
space within each vane slot inwardly of the Vane filled 
with fluid as the vane moves outwardly within each fluid 
intake zone 150 is complicated by the relatively low pres 
sure at which the incoming fluid is supplied to the intake 
zone and the extreme brevity of the time period within 
which the vane remains in the intake Zone. In this con 
nection, it should be appreciated that the high speed 
with which a vane moves outwardly within each fluid 
intake Zone 150 tends to create a suction or partial vacu 
um at the inner edge surface 74 of the vane. While this 
reduction of pressure at the inner edge surface 74 of the 
vane can aid in sucking fluid into the corresponding Vane 
slot, the diminution in pressure on the inner vane Sur 
face 74 tends to create a differential pressure on the vane 
surfaces 70 and 74 which acts inwardly to oppose. Out 
ward movement of the vane. This differential pressure 
can arise dynamically, even though the inner and outer 
vane edge surfaces 74 and 70 are connected, as described. 

Incoming fluid for filling the vane silots 64 inwardly 
of the vanes 62 is supplied to opposite end faces of the 
rotor within each fluid intake Zone 50 by two inner fluid 
supply ports 168, 170 formed in the housing section 38 
and check plate 42 to open through the rotor opposing 
surfaces 36 and 40 in circumferential alinement with but 
inwardly spaced relation to the cuter fluid Supply ports 
52, 54 in each fluid intake Zone 150, FIGS. 2, 3 and 4. 
Even though the inner fluid supply port 68, 17 supply 
fluid to the inner portion of each passing vane groove 
64, the movement of fluid into each passing vane groove 
to minimize dynamic creation of differential pressure op 
posing outward vane movement is nevertheless inhibited 
by the relatively low fluid inlet pressure and the very 
limited time available for fluid flow. 
In applicants' pump, the in flow of fiuid into the vane 

slots is speeded up to great advantage by the shape of the 
space within each slot 64 which is filled with fluid upon 
extension of the coacting vane. The shaping of this 
space is such that the inflow of fluid into the space is 
accelerated to advantage by centrifugal force acting on 
the inflowing fluid. This feature of applicants' pump 
is provided to a certain degree in the pump just described, 
but is provided to a greater degree in the modified pump 
illustrated in FIGS. 9 and 10 in which component ele 
ments corresponding to component elements of the pump 
previously described are identified by the same reference 
numbers with the addition of the suffix a. 

In the modified pump illustrated in FIGS. 9 and 10, 
the rotor reinforcing and plunger cylinder defining struc 
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ture which extends radially outward beyond the inner ex 
tremities of the respective vane slots 64a is formed as an 
integral part of the rotor 22a. The central notch 82a 75 

14 
formed in the inner portion of each vane 62a is shaped to 
diverge in a radially inward direction, as illustrated in 
FIG. 9, so that the opposite side edges 180 intersect op 
posite axial ends of the vanes at the inner extremities of 
the vanes. The bottom of each vane slot 64a is shaped 
to have, as viewed in a transverse axial section of the 
rotor, FIG. 9, a truncated triangular form projecting out 
into the coacting vane notch and corresponding gener 
ally in shape to the notch, as shown. Thus, the space 
182 between the bottom of each vane slot and the inner 
edge of the adjacent vane slopes radially outward from 
the two ends of the rotor. 

Consequently, when the inner ends of the vane, slots 
64a move into alinement with a pair of inner fluid Sup 
ply ports, the incipient flow of fluid from the inner ports 
into the vane slot space 182 is immediately subjected to 
centrifugal force which accelerates the flow of fluid to 
ward the center of the vane space 182 which is located 
radially outward of the opposite ends of the space 182. 
Hence, this shaping of the vanes and slots so that the 
central portion of each slot space 182 is located radially 
outward of the axial end portions. of the space 182 pro 
duces a highly advantageous centrifugal pumping action 
that greatly accelerates the inflow of fluid into each slot, 
as desired. 

It will be appreciated, with reference to FIG. 9, that 
the integral portion of the rotor 22a which extends out 
into each vane notch 82a as illustrated and described con 
stitutes an integral protuberance 184 of the rotor which 
provides the desired mutual reinforcement of adjacent sec 
tors 15a of the rotor which define the adjacent rotor 
slot. Each integral rotor protuberance 184 is bored to 
define a cylinder 96.a for the corresponding high pres 

• Sure vane plunger 98a. 
In another modified form of the invention illustrated 

in FGS. 11 and 12, component elements similar to com 
ponents of the first described embodiment of the inven 
tion are identified with the reference numbers with the 
addition of the suffix b. This form of the invention dif 
fers from that iustrated in FIGS. 1 to 8 in that the 
width of each vane notch 82b in an axial direction with 
respect to the rotor is substantially enlarged and the cor 
responding width of each plug 84b is similarly enlarged. 

. The enlarged plugs 84b provide for a stronger mutual 
reinforcement of the rotor sectors 151b intervening be 
tween and defining the vane slots 64b. 

It will be appreciated that even though the notch 82b 
in each vane 62b does not progressively widen in a radi 
ally inward direction, the central portion of the notch is 
located radially outward of the inner extremities of the 
vane, which are disposed at opposite axial ends of the 
vane. As a consequence, incoming fluid flowing into the 
vane notch 82b is subjected to centrifugal force which 
aids materially in filling the coacting vane. slot 64b in 
wardly of the vane moves outwardly, as described. In 
a similar manner, the inflow of fluid into the notch 82 in 
each vane 62 in the pump first described is accelerated by 
centrifugal force. 

It will be appreciated that the invention is not neces 
sarily limited to use of the particular constructions il 
lustrated, but includes use of variants and alternatives 
within the spirit and scope of the invention as defined by 
the claims. 
The invention is claimed as follows: 
1. A rotary vane fluid power unit comprising, in com 

bination, a rotor, a housing encasing said rotor and in 
cluding means defining a cam surface encircling said 
rotor, said cam surface being shaped and positioned in 
relation to the periphery of said rotor to define there 
with a working space for fluid, said housing defining flow 
passages communicating with said space at spaced posi 
tions therealong, said rotor defining an annular series of 
vane slots therein opening outwardly through the periph 
ery of the rotor and being separated by intervening sec 
tors of the rotor, a plurality of vanes mounted in said 
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respective slots to extend from the periphery of the rotor 
into continuous engagement with said cam surface, each 
vane being slidable in its slot betwen a fully extended 
position and a fully retracted position to effect continu 
olls engagement of the outer marginal edge of the vane 
with said cam surface upon rotation of the rotor, each 
vane having an inner edge disposed within the corre 
sponding vane slot for all positions of the vane and being 
shaped to define in an inner portion of the vane a notch 
extending between opposite sides of the vane and extend 
ing outwardly in the vane for an extended distance from 
the inner extremity of the vane, plugs disposed within 
said respective vane slots to extend into said notches of 
the coacting vanes for substantial distances outwardly of 
the positions occupied by the inner extremities of the 
respective vanes when the respective vanes are moved 
into their retracted positions in the slots by said cam Sur 
face, said plugs each being shaped and dimensioned to 
firmly engage simultaneously the two opposing side sur 
faces of the associated slot to effect by means of the 
plugs a mutual reinforcement of said intervening rotor 
Sectors, the portion of each intervening rotor sector 
located radially, inward of the radial positions of the inner 
edges of the fully extended adjacent vanes being of solid 
construction that is impervious to the passage of fluid 
therethrough between the adjacent slots and having a 
minimum axial width that is at least substantially equal 
to the maximum axial width of the portion of each ad 
jacent vane that extends outwardly from the periphery 
of the rotor when the vane is fully extended, each of 
said plugs defining a cylinder therein generally parallel 
to the plane of the adjacent vane and opening outwardly 
toward the inner edge of the adjacent vane at the bot 
tom of said notch in the vane, a plunger slidably mount 
ed in said cylinder of each plug to react outwardly on 
the adjacent vane, means for supplying fluid under pres 
sure from the high pressure end of said working space 
to said plug cylinders at the inner ends of said plungers 
to apply fluid pressure to said plungers for urging said 
vanes outwardly, each of said vanes defining two surfaces 
thereupon which are substantially continuously exposed 
to the pressure of fluid in the interspace adjacent the 
vane between the periphery of the rotor and said cam 
Surface, one of said surfaces on each vane being oriented 
So that the force of fluid pressure on the vane urges the 
vane away from said cam surface and the other of said 
Surfaces on each vane being oriented so that the force 
of fluid pressure thereon urges the vane toward said 
cam surface, spring means disposed within each of said 
vane slots and being stressed continuously to urge the: 
adjacent vane outwardly in the vane slot, said spring 
means in each slot having a movable power applying 
portion which acts on the adjacent vane and moves in 
and out with the vane as the vane moves in and out in 
its slot, and said spring means in each slot having a sup 
port portion which reacts on the rotor to transmit there 
to the reaction of the adjacent vane on the spring means 
and which is stationary with respect to the rotor so that 
the spring means is flexed and stores energy upon in 
ward movement of the vane and subsequently releases en 
ergy by relaxation to extend the vane. 

2. A rotary vane fluid power unit comprising, in com 
bination, a rotor, a housing encasing said rotor and in 
cluding means defining a cam surface encircling said 
rotor, said can surface being shaped and positioned in 
relation to the periphery of said rotor to define therebe 
tween a working space for fluid, said housing defining 
flow passages communicating with said working space at 
spaced positions therealong, an annular series of cir 
cumferentially spaced vane units carried by said rotor, 
each vane unit including a vane mounted in a coacting 
slot defined by said rotor, each vane being slidable with 
in its coacting slot to project therefrom into sliding en 
gagement with said cam surface, each vane unit defining 
first and Second vane biasing surfaces associated with 
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the vane of the unit and being continuously exposed to 
the pressure of fluid in the interspace adjacent the vane 
between Said rotor and said cam surface, said first bias 
ing surface for each vane being oriented so that the force 
thereon of fluid pressure urges the vane inwardly, said 
second biasing surface of each unit being oriented so 
that the force of fluid pressure thereon urges the vane 
outwardly, each vane unit defining a third biasing sur 
face associated with the coacting vane and oriented so 
that the force of fluid pressure on said third surface urges 
the coacting vane outwardly, each vane unit including 
means associated therewith to isolate said third biasing 
surface thereof from direct communication with said 
Second biasing surface of the unit, means associated with 
each unit for supplying to said third biasing surface 
thereof fluid under high pressure from a high pressure 
portion of said working space for fluid, each vane unit 
including spring means stressed to urge the vane of the 
Vane unit outwardly in its coacting vane slot, said spring 
means of each vane unit having a movable power apply 
ing portion which acts on the vane of the vane unit and 
moves in and out with the vane as the vane moves in 
and out in its slot, and said spring means of each vane 
unit having a support portion which reacts on the rotor 
to transmit thereto the reaction of the coacting vane 
on the spring means and which is substantially stationary 
with respect to the rotor so that the spring means is 
flexed and stores energy upon inward movement of the 
vane and Subsequently releases energy by relaxation to 
extend the vane. 

3. A rotary vane fluid power unit comprising, in com 
bination, a rotor, a housing encasing said rotor and in 
cluding means defining a cam surface encircling said rotor, 
said cam surface being shaped and positioned in rela 
tion to the periphery of said rotor to define therewith a 
Space for fillid, said housing defining flow passages com 
municating with said space at spaced positions there 
along, said rotor defining therein an annular series of out 
wardly open vane slots separated by intervening sectors 
of the rotor, a plurality of vanes slidably in said respec 
tive slots to extend from the periphery of the rotor into 
continuous engagement with said cam surface, each vane 
being slidable in its slot between a retracted position 
and an extended position to effect continuous engagement 
of the outer marginal edge of the vane with said cam 
Surface upon rotation of the rotor, each vane having an 
inner edge disposed within the corresponding vane slot for 
all positions of the vane and being shaped to define 
in an inner portion of the vane a notch extending between 
opposite sides of the vane and extending outwardly in 
the vane for an extensive distance from the inner extremity 
of the vane, a rotor reinforcing plug disposed within 
each of said vane slots and extending into said notch 
of the coacting vane for a substantial distance outwardly 
of the position occupied by the inner extremity of the 
vane when the vane is moved into its retracted position 
in its slot by said cam surface, each of said plugs being 
shaped and dimensioned to firmly engage simultaneously 
the two opposing side surfaces of the associated slot to 
effect by means of the plugs a mutual reinforcement of 
said intervening rotor sectors, the portion of each inter 
vening rotor sector located radially inward of the radial 
positions of the inner edges of the fully extended ad 
jacent vanes being of solid construction that is impervious 
to the passage of fluid therethrough between the adjacent 
slots and having a minimum axial width that is at least 
substantially equal to the maximum axial width of the 
portion of each adjacent vane that extends outwardly 
from the periphery of the rotor when the vane is fully 
extended, each of said plugs defining a cylinder therein 
opening outwardly toward the inner edge of the vane at 
the bottom of said notch in the vane, a plunger slidably 
mounted in said cylinder of each plug to react outwardly 
on the adjacent vane, means for supplying fluid under 
preSSure from said fluid space to said plug cylinders at 
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the inner ends of said plungers to apply fluid pressure 
to said plungers for urging said vanes outwardly, and 
each vane and the structure coacting therewith includ 
ing means providing communication between the inner 
edge of the vane and the interspace adjacent the vane 
between the periphery of the rotor and said cam surface 
so that the force of fluid pressure on the outer end of 
each vane tending to urge the vane inwardly is opposed 
by the force of fluid pressure on the inner edge of the 
vane tending to urge the vane outwardly. 

4. A rotary vane fluid power unit comprising, in com 
bination, a rotor, a housing encasing said rotor and includ 
ing means defining a cam surface encircling said rotor 
and coacting therewith to define a fluid working space. 
having fluid inlet and outlet zones, said housing defining 
passageways communicating with said inlet and outlet 
zones of said working space, said rotor defining therein 
an annular series of vane slots opening outwardly through 
the periphery of the rotor and being separated by interven 
ing sectors of the rotor, a plurality of vanes mounted in 
said respective vane slots to extend from the periphery 
of the rotor into continuous engagement with said cam 
surface, each vane being slidable in its slot between a 
retracted position and an extended position to effect con 
tinuous engagement of the outer marginal edge of the 
vane with said cam surface upon rotation of the rotor, 
each vane being shaped to have an inner end portion 
which extends outwardly a substantial distance from the 
inner extremity of the vane and has a transverse sec 
tional area which is materially less than the correspond 
ing transverse sectional area of a portion of the vane 
located outwardly of said inner end portion, each of said 
vane slots including an inner portion adapted to receive 
said inner portion of the coacting vane and being re 
duced in transverse sectional area in relation to the trans 
verse Sectional area of an outer portion of the vane 
slot by an element which is rigid with the rotor and 
positioned to overlap said inner end portion of the coacting 
vane when the latter is in a retracted position, the portion 
of each intervening rotor Sector that extends radially in 
ward from the radial positions of the inner edges of the 
fully extended adjacent vanes being of solid construction 
that is impervious to the passage of fluid therethrough 
between the adjacent slots, and having a minimum axial 
width that is at least substantially equal to the maximum 
axial width of the portion of each adjacent vane that ex 
tends outwardly from the periphery of the rotor when the 
vane is fully extended, said element in each vane slot de 
fining a cylinder opening outwardly toward the opposing 
inner edge of the coacting vane, a plunger slidably 
mounted in each cylinder to act outwardly on the adjacent 
vane, means including an automatic pressure Switching 
valve connecting inlet and outlet zones of said working 
space with said cylinders to supply fluid automatically from 
the zone under the higher fluid pressure to each cylinder 
to act on the plunger therein to urge the plunger and the 
coacting vane outwardly, each of said vanes and the 
structure associated therewith including means for supply 
ing fluid to the inner edge of the vanes to oppose the in 
ward force of fluid pressure on the outer edge of the vane, 
spring means disposed within each of said vane slots and 
being stressed to urge the adjacent vane outwardly in the 
vane slot, said spring means in each slot having a movable 
power applying portion which acts on the adjacent vane 
and moves in and out with the vane as the vane moves 
in and out in its slot, and said spring means in each slot 
having a support portion which reacts on the rotor to 
transmit thereto the reaction of the adjacent vane on the 
spring means and which is stationary with respect to the 
rotor so that the spring means is flexed and stores energy 
upon inward movement of the vane and subsequently re 
leases energy by relaxation to extend the vane. 

5. A rotary vane fluid power unit comprising, in com 
bination, a rotor, a housing encasing said rotor and includ 
ing means defining a cam surface encircling said rotor, 
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said cam surface being shaped and positioned in relation 
to the periphery of said rotor to define therewith a space 
for fluid, said housing defining flow passages communi 
cating with said space at spaced positions therealong, said 
rotor defining an annular series of vane slots opening out 
wardly through the periphery of the rotor and being sep 
arated by intervening sectors of the rotor, a plurality of 
vanes mounted in said respective slots to extend from the 
periphery of the rotor into engagement with said can Sur 
face, each vane being slidable in its slot between a re 
tracted position and an extended position to effect con 
tinuous engagement of the outer marginal edge of the vane 
with said cam surface upon rotation of the rotor, each 
vane having an inner edge disposed within the corre 
sponding vane slot for all positions of the vane and being 
shaped to define in an inner portion of the vane a notch 
extending between opposite sides of the vane and extend 
ing outwardly in the vane from the inner extremity of the 
vane, a plurality of rigid elements corresponding to said 
respective vanes, said rigid elements extending into said 
notches of the respective vanes for Substantial distances 
outwardly of the positions occupied by the inner extrem 
ities of the respective vanes when the vanes are moved 
into their retracted positions by said can Surface, each 
of said rigid elements being firmly associated with the 
two rotor sectors embracing the adjacent vane whereby 
the rigid elements effect a mutual reinforcement of said 
intervening rotor sectors, the portion of each intervening 
rotor sector located radially inward of the radial positions 
of the inner edges of the fully extended adjacent vanes 
being of solid construction that is impervious to the pas 
sage of fluid therethrough between the adjacent slots and 
having a minimum axial width that is at least Substan 
tially equal to the maximum axial width of the portion 
of each adjacent vane that extends outwardly from the 
periphery of the rotor when the vane is fully extended, 
each of said rigid elements defining a cylinder therein gen 
erally parallel to the plane of the adjacent vane and open 
ing outwardly toward the inner edge of the adjacent vane, 
a plunger slidably mounted in said cylinder of each rigid 
element and coacting with the adjacent vane to react out 
wardly thereon, means for supplying fluid under pressure 
from said fluid space to said cylinders at the inner ends 
of said plungers to apply fluid pressure to said plungers for 
urging said vanes outwardly, each of said vanes and the 
structure coacting therewith including means for applying 
fluid pressure to the inner edge of the vane to urge the 
vane outwardly, spring means coacting with each of said . 
vanes and being stressed to urge the vane outwardly in its 
slot, said spring means for each vane having a movable 
power applying portion which acts on the vane and moves 
in and out with the vane as the vane moves in and out in 
its slot, and said spring means for each vane having a Sup 
port portion which reacts on the rotor to transmit thereto 
the reaction of the coacting vane on the spring means and 
which is stationary with respect to the rotor so that the 
spring means is flexed and stores energy upon inward 
movement of the vane and subsequently releases energy 
by relaxation to extend the vane. 

6. A rotary vane fluid power unit comprising, in com 
bination, a rotor, a housing encasing said rotor and includ 
ing means defining a cam surface encircling said rotor 
and defining with the periphery thereof a working space 
for fluid, said rotor defining therein an annular series of 
vane slots opening outwardly through the periphery of the 
rotor and being separated by intervening sectors of the 
rotor, a plurality of vanes mounted in said respective vane 
slots to extend from the periphery of the rotor into con 
tinuous engagement with said cam surface, each vane be 
ing slidable in its slot between a retracted position and an 
extended position to effect continuous engagement of the 
outer marginal edge of the vane with said cam surface 
upon rotation of the rotor, each vane having an inner 
edge disposed within the corresponding vane slot for all 
positions of the vane, each vane being shaped to have an 
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inner end portion which extends outwardly a substantial 
distance from the inner extremity of the vane and has a 
transverse sectional area which is materially less than the 
corresponding transverse sectional area of a portion of 
the vane located outwardly of said inner end portion, each 
of said vane slots including an inner portion adapted to 
receive said inner portion of the coacting vane and being 
reduced in transverse sectional area in relation to the 
transverse sectional area of an outer portion of the vane 
slot by an element which is rigid with the rotor and posi 
tioned to overlap said inner end segment of the coacting 
vane when the latter is in a retracted position, the portion 
of each intervening rotor sector located radially inward 
of the radial positions of the inner edges of the fully 
extended adjacent vanes being of solid construction that is 
impervious to the passage of fluid therethrough between 
the adjacent slots and having a minimum axial width that 
is at least substantially equal to the maximum axial width 
of the portion of each adjacent vane that extends out 
wardly from the periphery of the rotor when the vane is 
fully extended, said element in each vane slot defining a 
cylinder opening outwardly toward the opposing inner 
edge of the coacting vane, a plunger slidably mounted in 
each cylinder to act outwardly on the adjacent vane, said 
rotor having means thereon providing communication be 
tween a high pressure Zone of said working space and 
said cylinders to supply high pressure fluid to each cylin 
der to act on the inner end of the plunger therein to urge 
the plunger and the coacting vane outwardly, and each of 
said vanes and the structure associated therewith including 
means providing communication between the inner edge 
of the vane and the interspace adjacent the vane between 
the rotor and the outer end of the vane. 

7. A rotary vane fitid power unit comprising, in com 
bination, a rotor; a housing encasing said rotor and in 
cluding means defining a cam surface encircling said 
rotor and coacting therewith to define, for fluid, working 
space having fluid inlet and outlet zones; said housing 
including means defining passageways communicating 
with said inlet and outlet zones of said working space, 
said rotor defining an annular series of vane slots therein 
opening outwardly through the periphery of the rotor 
and being separated by intervening sectors of the rotor, 
a plurality of vanes mounted in said respective vane slots 
to extend from periphery of the rotor into engage 
ment with said cam surface, each vane being slidable in 
its slot between a retracted position and an extended posi 
tion to effect continuous engagement of the outer mar 
ginal edge of the vane with said cam surface upon rota 
tion of the rotor, each vane having an inner edge dis 
posed within the corresponding vane slot for all positions 
of the vane and being shaped to define in an inner por 
tion of the vane a notch extending outwardly in the 
Vane from the inner extremity thereof, a plurality of 
plugs fitted into said respective vane slots to extend out 
wardly into Said notches in the respective vanes, said plugs 
each engaging firmly the two rotor sectors on opposite 
sides of the corresponding slot to effect mutual reinforce 
ment of said intervening rotor sectors, the portion of each 
intervening rotor sector located radially inward of the 
radial positions of the inner edges of the fully extended 
adjacent vanes being of solid construction that is im 
pervious to the passage of fluid therethrough between 
the adjacent slots and having a minimum axial width 
that is at least Substantially equal to the maximum axial 
width of the portion of each adjacent vane that extends 
outwardly from the periphery of the rotor when the vane 
is fully extended, spring means disposed within each of 
said vane slots and being stressed to urge the adjacent 
vane outwardly in the vane slot, said spring means in 
each slot having a movable power applying portion which 
acts on the adjacent vane and moves in and out with the 
vane as the vane moves in an out in its slot, said spring 
means in each slot having a support portion which re 
acts on the rotor to transmit thereto the reaction of the 
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adjacent vane on the spring means and which is stationary 
with respect to the rotor So that the spring means is 
flexed and stores energy upon inward movement of the 
Vane and subsequently releases energy by relaxation to 
extend the vane, each of said plugs defining a cylinder 
therein, a plunger disposed in each of said plug cylinders 
and coacting with the adjacent vane to apply an outward 
force thereto, means including an automatic pressure 
Switching valve connecting inlet and outlet zones of said 
Working space with said cylinders to supply fluid auto 
matically from the zone under the higher fluid pressure 
to each cylinder to act on the plunger therein to urge 
the plunger and the coacting vane outwardly, and each 
of said vanes and the structure associated therewith in 
cluding means for supplying fuid to the inner edge of the 
Vane to oppose the inward force of fluid pressure on 
the outer edge of the vane. 

8. A rotary Vane fluid power unit comprising, in com 
bination, a rotor, a housing encasing said rotor and in 
cluding means defining a cam surface encircling said 
Totor and being shaped and positioned in relation to 
the periphery of the rotor to define therebetween a work 
ing Space for fluid, said rotor defining therein an annular 
Series of vane slots opening outwardly through the pe 
riphery of the rotor and being separated by intervening 
Sectors of the rotor, a plurality of vanes mounted in 
Said respective vane slots to extend from the periphery 
of the rotor into continuous engagement with said cam 
Surface, each vane being shaped to have an inner end 
Segment which has a transverse sectional area which is 
materially less than the corresponding transverse sec 
tional area of a portion of the vane located outwardly 
of the inner end segment thereof, each of said vane slots 
including an inner segment adapted to receive said inner 
Segment of the coacting vane and being reduced in trans 
Verse Sectional area in relation to the transverse sec 
tional area of an outer portion of the vane slot by an 
element which is rigid with the rotor and positioned to 
overlap Said inner end segment of the coacting vane 
When the latter is in a retracted position, the portion of 
each intervening rotor sector located radially inward of 
the radial positions of the inner edges of the fully ex 
tended adjacent vanes being of solid construction that 
is impervious to the passage of fluid therethrough be 
tween the adjacent slots and having a minimum axial 
Width that is at least Substantially equal to the maximum 
axial width of the portion of each adjacent vane that 
extends outwardly from the periphery of the rotor when 
the vane is fully extended, said element in each vane 
slot defining a cylinder opening outwardly toward the 
opposing inner edge of the coacting vane, a plunger slid 
ably mounted in each cylinder to act outwardly on the 
adjacent vane, said rotor having means thereon provid 
ing communication between a high pressure zone of said 
Working space and said cylinders to supply high pres 
Sure to act on the inner end of the plunger therein to 
urge the plunger and the coacting vane outwardly, each 
of Said vanes and the structure associated therewith in 
cluding means providing communication between the 
inner edge of the vane and the interspace adjacent the 
Vane between the rotor and the outer end of the vane, 
Spring means coacting with each vane and being stressed 
continuously to apply to the vane an outward force 
which is cumulative with the outward forces on the vane 
of fluid pressure acting on the inner edge of the vane and 
fluid pressure acting on the coacting plunger said spring 
means for each vane having a movable power applying 
portion which acts on the vance and moves in and out 
with the vane as the vane moves in and out in its slot, 
and Said Spring means for each vane having a support 
portion which reacts on the rotor to transmit thereto 
the reaction of the vane on the spring means and which 
is stationary with respect to the rotor so that the spring 
means is flexed and stores energy upon inward move 
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ment of the vane and subsequently releases energy by 
relaxation to extend the vane. 

9. A rotary vane fluid power unit comprising, in com 
bination, a rotor, a housing encasing said rotor and in 
cluding means defining a cam surface encircling Said 
rotor, said cam surface being shaped and positioned in 
relation to the periphery of said rotor to define therewith 
a working space for fluid, said housing defining flow 
passages communicating with said space at spaced posi 
tions therealong, said rotor defining an annular series 
of vane slots therein opening outwardly through the pe 
riphery of the rotor and being separated by intervening 
sectors of the rotor, a plurality of vanes mounted in 
said respective slots to extend from the periphery of the 
rotor into continuous engagement with said cam Surface, 
each vane being slidable in its slot between a retracted 
position and a fully extended position to effect continuous 
engagement of the outer marginal edge of the vane with 
said cam surface upon rotation of the rotor, each vane 
having an inner edge disposed within the corresponding 
vane slot for all positions of the vane and being shaped 
to define in an inner portion of the vane a notch extend 
ing between opposite sides of the vane and extending 
outwardly in the vane for an extended distance from 
the inner extremity of the vane, and plugs disposed with 
in said respective vane slots to extend into said notches 
of the coacting vanes for substantial distances outwardly 
of the inner extremities of the respective vanes when 
the respective vanes are moved into retracted positions 
in the coacting slots by said cam surface, said plugs each 
being shaped and dimensioned to firmly engage simul 
taneously the two opposing side surfaces of the associ 
ated slot to effect by means of the plugs a mutual rein 
forcement of said intervening rotor sectors, the portion 
of each intervening rotor sector located radially inward 
of the radial positions of the inner edges of the fully ex 
tended adjacent vanes being of solid construction that 
is impervious to the passage of fluid therethrough be 
tween the adjacent slots and having a minimum axial 
width that is at least substantially equal to the maximum 
axial width of the portion of each adjacent vane that 
extends outwardly from the periphery of the rotor when 
the vane is fully extended. 

10. A rotary vane fluid power unit comprising, in 
combination, a rotor, a housing encasing said rotor and 
including means defining a cam surface encircling said 
rotor and coacting therewith to define a fluid working 
space having fluid inlet and outlet Zones, said rotor de 
fining an annular series of vane slots opening outwardly 
through the periphery of the rotor and being separated 
by intervening sectors of the rotor, a plurality of vanes 
mounted in said respective vane slots to extend outwardly 
therefrom into engagement with said cam surface, each 
vane being shaped to have a radially inner portion which 
extends outwardly a substantial distance from the inner 
extremity of the vane and has an area in transverse sec 
tion generally parallel to the axis of the rotor that is 
materially less than the corresponding transverse sec 
tional area of a portion of the vane located outwardly 
of said inner portion, each of said vane slots including 
an inner portion adapted to receive said inner portion of 
the coacting vane and having an area in a transverse 
section generally parallel to the rotor axis which is re 
duced in relation to the corresponding transverse sec 
tional area of an outer portion of the vane slot by an 
element which is rigid with the rotor and positioned to 
overlap said inner portion of the coacting vane when the 
latter is in a retracted position, the portion of each in 
tervening rotor sector located radially inward of the 
radial positions of the inner edges of the fully extended 
adjacent vanes of solid construction that is impervious 
to the passage of fluid therethrough between the adjacent 
slots and having a minimum axial width that is at least sub 
stantially equal to the maximum axial width of the por 
tion of each adjacent vane that extends outwardly from the 
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periphery of the rotor when the vane is fully extended, 
said element corresponding to each vane slot defining 
a cylinder opening outwardly toward the opposing inner 
edge of the coacting vane, a plunger slidably mounted 
in each cylinder to act outwardly on the adjacent vane, 
means including an automatic pressure switching valve 
connecting said inlet and said outlet zones of said work 
ing space with said cylinders to supply fluid automatically 
from the Zone under the higher fluid pressure to each 
cylinder to act on the plunger therein to urge the plunger 
and the coacting vane outwardly, and each vane having 
associated therewith means providing continuous com 
munication for fluid between the inner and outer edges 
of the vane. 

11. A rotary vane pump comprising in combination, a 
rotor, housing means encasing said rotor and including 
means defining a cam surface encircling said rotor and 
defining therewith a fluid working space having an inlet 
Zone and an outlet Zone, said housing means including 
fluid supply means for supplying fluid to said working 
Space at said inlet Zone thereof, said housing means in 
cluding means for discharging fluid from said outlet zone 
of the Working space, said rotor defining an annular 
Series of vane slots, a plurality of vanes slidably mounted 
in said respective vane slots to extend outwardly there 
from into engagement with said cam surface for movement 
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along said cam Surface through said working space upon 
rotation of the rotor, said fluid supply means including 
means defining fluid supply passages confronting opposite 
ends of said rotor and registering radially with adjacent 
inner portions of passing vane slots to supply fluid to the 
inner portion of each of said vane slots at both ends of 
the rotor as an incident to movement of the associated 
vane through said intake zone of said working space, 
each vane having an inner edge shaped to have radially 
inward extremities located adjacent opposite ends of said 
rotor and to have an outwardly offset medial portion 
located radially outward of said inner extremities of the 
Vane, and the inner portion of each vane slot being 
shaped and dimensioned in relation to the inner edge of 
the adjacent vane to provide upon outward displacement 
of the vane from its innermost position free flowing so 
that fluid entering the inner portion of each vane slot from 
said passages is centrifugally urged toward said medial 
portion of the inner edge of the adjacent vane. 

12. A rotary vane pump comprising in combination, 
a rotor, housing means encasing said rotor and includ 
ing means defining a cam surface encircling said rotor 
and defining therewith a fluid working space having an 
inlet Zone and an outlet zone, said rotor defining an 
annular series of vane slots, a plurality of vanes slid 
ably mounted in said respective vane slots to extend out 
wardly therefrom into engagement with said cam surface 
for movement along said cam surface through said work 
ing space upon rotation of the rotor, said housing means 
including fluid supply means communicating with said 
fluid working space at said inlet zone thereof and de 
fining fluid supply passage space confronting opposite 
ends of said rotor at positions that are alined circum 
ferentially with inlet zone and that register radially with 
the inner portions of the vane slots opening through the 
two ends of the rotor to supply fluid to the inner portion 
of each of said vane slots at both ends of the rotor as 
an incident to movement of the associated vane through 
said intake Zone of said working space, and each vane 
having two inner extremeties located adjacent opposite 
ends of the rotor and having an inner edge that is shaped 
between said inner extremities of the vane to define a 
medial notch having opposite sides diverging radially in 
Ward so that fluid entering the inner portion of the coact 
ing slot from said passage space at opposite ends of the 
rotor is centrifugally urged to flow radially outward and 
axially inward along the inwardly diverging sides of said 
-vane notch toward the center of said vane notch to fill 
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the slot inwardly of the vane as the vane moves out 
wardly in said inlet zone. 

13. A rotary vane fluid pump comprising, in com 
bination, a rotor, means defining a cam surface encircling 
said rotor and defining therewith a pumping space hav 
ing fluid inlet and outlet zones, fluid Supply means for 
supplying fluid to said pumping space at said inlet Zone 
thereof, said rotor defining an annular series of vane 
slots opening outwardly through the periphery of the 
rotor, a plurality of vanes slidably disposed in said re 
spective slots for engagement with said can surface, 
each of said vanes having an inner portion thereof de 
fining a notch opening radially inward and having side 
edges diverging in a radially inward direction to inner 
extremities of the vane located adjacent opposite ends 
of the rotor, means on said rotor defining a plurality 
of protuberances corresponding to said respective slots, 
each protuberance being positioned with reference to 
its corresponding slot to extend outwardly into said notch 
in the coacting vane when the vane is in a retracted 
position, and said fluid supply means including means 
defining fluid supply passage spaces confronting opposite 
ends of said rotor in positions which register with the 
radially inward portions of the vane slots in the rotor 
as the slots move the coacting vanes through said inlet 
zone of said pumping space. 

14. A rotary vane fluid pump comprising, in combina 
tion, a rotor, means defining a cam surface encircling 
said rotor and defining therewith a pumping space hav 
ing fluid inlet and outlet zones, fluid supply means for 
supplying fluid to said pumping space at said inlet Zone 
thereof, said rotor defining an annular series of vane 
slots opening outwardly through the periphery of the 
rotor, a plurality of vanes slidably disposed in said re 
spective slots for engagement with said can surface, 
each of said vanes having an inner portion thereof de 
fining a notch opening radially inward and having side 
edges diverging in a radially inward direction to inner 
extremities of the vane located adjacent opposite ends 
of the rotor, a plurality of rotor reinforcing elements 
corresponding to said respective slots, each reinforcing 
element being positioned with reference to the coact 
ing slot to extend into said notch in the coacting vane 
when the vane is in a retracted position, each reinforc 
ing element extending between and firmly coacting with 
portions of the rotor on opposite sides of the correspond 
ing slot to effect mutual reinforcement of portions of 
the rotor defining the slot, each reinforcing element de 
fining a plunger cylinder therein, a plunger slidably dis 
posed in each cylinder and engaging the coacting vane, 
means for supplying fluid under pressure to each cylinder 
to urge the coacting plunger and vane outwardly, said 
fluid supply means including means defining fluid supply 
passage spaces confronting opposite ends of said rotor 
in positions which register with the radially inward por 
tions of the vane slots in the rotor as the slots move the 
coacting vanes through said inlet zone of said pumping 
space, and spring means coacting with each vane to urge 
the vane outwardly. 

15. A rotary vane fluid power unit comprising, in 
combination, a rotor, housing means encasing said rotor 
and including means defining a cam surface encircling 
said rotor and defining therewith a fluid working space 
having fluid inlet and outlet zones, said rotor defining an 
annular series of vane slots opening outwardly through 
the periphery of the rotor, a plurality of vanes slidably 
disposed within said respective vane slots for engagement 
with said cam surface, said housing means including 
means for supplying fluid to the intake zone of said fluid 
working space, said housing means including fluid out 
let means for releasing fluid from said outlet zone of 
said fluid working space, said fluid outlet means includ 
ing means defining outlet passage space confronting one 
end of said rotor, and said outlet passage Space having 
a position such that upon turning of said rotor to dis 
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charge fluid from said outlet Zone of said working space 
each vane slot carrying a vane through the outlet Zone 
of the working space is brought into an alinement with 
the passage space which alinement reaches a maximum 
value when the coacting vane is passing through a medial 
porticn of said fluid outlet zone and which is greatly 
reduced before the coacting vane passes beyond said 
fluid outlet zone. 

16. A rotary vane fluid power unit comprising, in 
combination, a rotor, housing means encasing said rotor 
and including means defining a cann surface encircling 
said rotor and defining therewith a fluid working space 
having fluid inlet and outlet zones, said rotor defining 
an annular series of vane slots opening outwardly through 
the periphery of the rotor, a plurality of vanes slidably 
disposed within said respective vane slots for engage 
ment with said can surface, said housing means includ 
ing means for supplying fluid to the intake zone of said 
pumping space, said housing means including fluid out 
let means for releasing fluid from said outlet Zone of 
said fluid working space, said fluid outlet means includ 
ing means defining an inner fluid outlet port confronting 
one end of said rotor inwardly of the periphery of the 
rotor and being positioned for registration with the radi 
ally inward portion of each vane slot as the vane slot 
carries the coacting vane through a medial portion of 
said outlet zone of said fluid working space, each of 
said vanes defining in the axial end thereof adjacent said 
one end of said rotor a groove extending from the inner 
to the outer edge of the vane; said housing means in 
cluding means defining a fluid outlet passage confront 
ing said one end of the rotor and extending generally 
from said inner outlet port to the periphery of the rotor 
and having a positional orientation such that, upon turn 
ing of said rotor in a rotary direction which discharges 
fluid from said working space outlet zone, said end groove 
in each vane passing through said outlet Zone of said 
fluid working space establishes a communicating aline 
ment with said outlet passage which begins at the pe 
riphery of the rotor and progresses inwardly to progres 
sively reduce the resistance to the outflow of fluid through 
the vane end groove from the coacting vane slot; and 
said inner port being positioned so that the degree of 
the registration of the inner port with each vane slot 
carrying a vane in said rotary direction through the out 
let zone of the fluid working space reaches a maximum 
degree when the coacting vane is passing through a 
medial portion of said fluid outlet zone and is greatly 
reduced before the coacting vane passes beyond said 
fluid outlet zone. 

17. A rotary vane fluid power unit comprising, in com 
bination, a rotor, housing means encasing said rotor and 
including means defining a can surface encircling said 
rotor and defining therewith a fluid working space hav 
ing fluid inlet and outlet Zones, said rotor defining an an 
nular series of vane slots opening outwardly through the 
periphery of the rotor, a plurality of vanes slidably dis 
posed within said respective vane slots for engagement 
with said cam surface, said housing means including 
means for supplying fluid to the intake Zone of said 
pumping space, said housing means including fluid out 
let means for releasing fluid from said outlet Zone of said 
fiuid working space, said fluid outlet means including 
means defining outlet passage space confronting one end 
of said rotor, each of said vanes defining in the axial end 
thereof adjacent said one end of said rotor a groove ex 
tending from the inner to the outer edge of the vane; 
said outlet passage space being shaped and being posi 
tioned relative to said working space outlet Zone so that, 
upon turning of said rotor in a rotary direction which 
discharges fluid from said outlet Zone, said end groove 
in each vane passing through said outlet Zone establishes 
a communicating alinement with said outlet passage 
space which begins adjacent the periphery of the rotor 
and progresses inwardly to progressively reduce the re 
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sistance to the outflow of fluid through the vane end 
groove from the coacting vane slot; and the position of 
said outlet passage space relative to said outlet Zone being 
such that the inner portion of each slot carrying a vane 
in said rotary direction through said outlet Zone moves 
into alinement with said passage space but passes out of 
alinement with said passage space before the coacting 
vane passes beyond said fluid outlet Zone. 

18. A rotary vane fluid power unit comprising, in com 
bination, a rotor, housing means encasing said rotor and 
including means defining a cam surface encircling said 
rotor and defining therewith a fluid working space having 
fluid inlet and outlet zones, said rotor defining an an 
nular series of vane slots opening outwardly through the 
periphery of the rotor, a plurality of vanes slidably dis 
posed within said respective vane slots for engagement 
with said cam surface, a plurality of rotor reinforcing 
elements corresponding to said respective vane slots, each 
rotor reinforcing element extending between opposite 
sides of the corresponding vane slot and firmly coacting 
with portions of the rotor on opposite sides of the slot 
to effect mutual reinforcement of the rotor portions defin 
ing the slot at a position disposed outwardly of the inner 
extremity of the slot, each vane having a radially inner 
portion shaped to overlap the adjacent rotor reinforcing 
element for an extended distance when the vane is in its 
retracted position, said housing means including means 
for supplying fluid to the intake Zone of said pumping 
space, said housing means including fluid outlet means 
for releasing fluid from said outlet Zone of said fluid 
working space, said fluid outlet means including means 
defining outlet passage space confronting one end of said 
rotor, each of said vanes defining in the axial end thereof 
adjacent said one end of said rotor a groove extending 
from the inner edge to the outer edge of the vane; said 
outlet passage space being shaped and being positioned 
relative to said working space outlet Zone so that, upon 
turning of said rotor in a rotary direction which discharges 
fluid from said outlet Zone, said end groove in each vane 
passing through said outlet Zone establishes a communi 
cating alinement with said outlet passage space which 
begins adjacent the periphery of the rotor and progresses 
inwardly to progressively reduce the resistance to the out 
flow of fluid through the vane end groove from the co 
acting vane slot; and the position of said outlet passage 
space relative to said outlet Zone being such that the 
inner portion of each slot carrying a vane in said rotary 
direction through said outlet Zone moves into alinement 
with said passage space but passes out of alinement with 
said passage space before the coacting vane passes beyond 
said fluid outlet Zone. 

19. A rotary vane fluid power unit comprising, in com 
bination, a rotor, a housing encasing said rotor and in 
cluding means defining a cam surface encircling said rotor 
and defining therewith a fluid working space, said rotor 
defining an annular series of vane slots, a plurality of 
vanes slidably mounted in said respective slots to extend 
outwardly therefrom into engagement with said cam sur 
face, a plurality of rotor reinforcing elements correspond 
ing to said respective vane slots and being disposed within 
the limits of said slots along the axis of the rotor, each 
rotor reinforcing element extending outwardly a sub 
stantial distance beyond the inner extremity of the corre 
sponding vane slot and extending between opposite sides 
of the slot in firmly coacting relation to portions of the 
rotor on opposite sides of the slot to effect mutual rein 
forcement of the rotor portions defining the slots, each 
vane having a radially inner portion shaped to overlap 
the adjacent rotor reinforcing element for an extended 
distance when the vane is in its retracted position, each 
vane having a radially outer portion which extends be 
tween and which is substantially flush with opposite ends 
of the adjacent portion of the rotor, each of said rotor 
reinforcing element defining a cylinder opening outwardly 
toward the opposing inner edge of the coacting vane, a 
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plunger slidably mounted in each cylinder to act out 
wardly on the adjacent vane, means for supplying fluid 
under pressure to each cylinder to act on the plunger 
therein to urge the plunger and the coacting vane out 
wardly, and each vane having associated therewith means 
providing communication for fluid between the inner and 
outer edges of the vane. 

20. A rotary vane fluid pump comprising, in combina 
tion, a rotor, means defining a cam surface encircling said 
rotor and defining therewith a pumping space having fluid 
inlet and outlet zones, fluid supply means for Supplying 
fluid to said pumping space at said inlet Zone thereof, said 
rotor defining an annular series of vane slots opening out 
wardly through the periphery of the rotor, a plurality of 
vanes slidably disposed in said respective slots for engage 
ment with said cam surface, each of said Vanes having an 
inner portion thereof defining a notch opening radially in 
ward and having side edges diverging in a radially inward 
direction to inner extremities of the vane located adjacent 
opposite ends of the rotor, means on said rotor defining 
a plurality of protuberances corresponding to said respec 
tive slots, each protuberance being positioned with refer 
ence to its corresponding slot to extend outwardly into 
said notch in the coacting vane when the vane is in a re 
tracted position; each protuberance having an outer edge 
confronting the inner edge of the corresponding vane and 
having a shape, as viewed in a section thereof taken axi 
ally with respect to the rotor, which conforms generally 
to the shape of the notch in the vane; each of said pro 
tuberances defining a cylinder therein, a plunger mounted 
in each cylinder to act outwardly on the adjacent vane, 
means for supplying operating fluid under pressure to said 
cylinders to urge said plungers and vanes outwardly, and 
said fluid supply means including means defining fluid 
supply passage spaces confronting opposite ends of said 
rotor in positions which register with the radially inward 
portions of the vane slots in the rotor as the slots move 
the coacting vanes through said inlet Zone of said pumping 
Space. 

21. A rotary vane fluid power unit comprising, in com 
bination, a rotor, housing means encasing said rotor and 
including means defining a cam surface encircling said 
rotor and defining therewith a fluid working space having 
fluid inlet and outlet zones, said rotor defining an annular 
series of vane slots opening outwardly through the periph 
ery of the rotor, a plurality of vanes slidably disposed 
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within said respective vane slots for engagement with said 
cam surface, a plurality of rotor reinforcing elements cor 
responding to said respective vane slots, each rotor rein 
forcing element extending between opposite sides of the 
corresponding vane slot and firmly coacting with portions 
of the rotor on opposite sides of the slot to effect mutual 
reinforcement of the rotor portions defining the slot at a 
position disposed outwardly of the inner extremity of the . 
slot, each vane having a radially inner portion shaped to 
overlap the adjacent rotor reinforcing element for an 
extended distance when the vane is in its retracted posi 
tion, said housing means including means for supplying 
fluid to the intake Zone of said pumping space, said hous 
ing means including fluid outlet means for releasing fluid 
from said outlet zone of said fluid working space, said 
fluid outlet means including means defining outlet passage 
space confronting one end of said rotor, and said outlet 
passage space having a position such that upon turning 
of said rotor to discharge fluid from said outlet Zone of 
said working space each vane slot carrying a vane through 
the outlet zone of the working space is brought into an 
alinement with the passage space which alinement reaches 
a maximum value when the coating vane is passing 
through a medial portion of said fluid outlet zone and 
which is greatly reduced before the coacting vane passes 
beyond said fiuid outlet Zone. 

22. A rotary vane fluid pump comprising, in combina 
tion, a rotor, means defining a cam surface encircling said 
rotor and defining therewith a pumping space having fluid 
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inlet and outlet zones, fluid supply means for Supplying 
fluid to said pumping space at said inlet zone thereof, 
said rotor defining an annular series of vane slots opening 
outwardly through the periphery of the rotor; the bottom 
of each vane slot, as viewed in an axial section of the 
rotor, having a truncated triangular shape which tapers 
from opposite ends of the rotor in a radially outward 
direction to a flatted outer extremity centrally located axi 
aily between opposite ends of the rotor; a plurality of 
vanes slidably disposed in said respective slots for engage 
ment with said cam surface, each of said Vanes having a 
radially inner edge positioned on the vane and shaped to 
extend into adjacent relation: to and to conform to the 
bottom of the coacting slot when the vane is in a retracted 
position, and said fluid supply means including means de 
fining fluid supply passage spaces confronting opposite 
ends of said rotor in positions which register with the radi 
ally inward portions of the vane slots in the rotor as the 
slots move the coacting vanes through said inlet zone of 
said pumping space so that fluid flows from said fluid 
supply spaces into the inner portions of each vane slot 
passing through said inlet zone and is urged radially out 
ward by centrifugal force against the shaped inner edge 
of the adjacent vane to flow radially outward and axially 
inward along said inner edge of the vane to fill the vane 
slot inward of the vane as the vane moves outwardly. 

23. A rotary vane fluid pump comprising, in combina 
tion, a rotor, means defining a can Surface encircling said 
rotor and defining therewith a pumping space having fluid 
inlet and outlet zones, fluid supply means for supplying 
fluid to said pumping space at said inlet Zone thereof, said 
rotor defining an annular series of vane slots opening 
outwardly through the periphery of the rotor; the bottom 
of each vane slot, as viewed in an axial section of the 
rotor, having a shape which progressively narrows axially 
in a radially outward direction to an outer extremity cen 
trally located axially between opposite ends of the rotor; 
a plurality of vanes slidably disposed in said respective 
slots for engagement with said cam surface and for in and 
out radial movements in the slots to follow said cam sur 
face as said rotor rotates; each of said vanes defining a 
radially inner edge having a shape, as viewed in an axial 
section of the rotor, that conforms generally to the shape 
of the bottom of the coacting slot; and said fluid Supply 
means including means defining fluid supply passage spaces 
confronting opposite ends of said rotor in positions which 
register with the radially inward portions of the vane slots 
in the rotor as the slots move the coacting vanes through 
said inlet zone of said pumping space so that fluid flows 
from said fluid supply spaces into the inner portions of 
each vane slot passing through said inlet Zone and is urged 
radially outward by centrifugal force against the shaped 
inner edge of the adjacent vane which directs the fluid 
axially inward along said inner edge of the vane to fill 
the vane slot inward of the vane as the vane moves out 
wardly. 

24. A rotary vane fluid power unit comprising, in com 
bination, a rotor defining thereon two fiat end face sur 
faces axially spaced apart and extending radially inward 
from the periphery of the rotor in concentric relation 
thereto, a housing encasing said rotor and including means 
defining a cam surface encircling said rotor and defining 
therewith a fluid working space having spaced zones for 
admitting and discharging fluid, said rotor defining an 
annular series of outwardly open Vane slots spaced apart 
by intervening sectors of the rotor, a plurality of vanes 
slidably mounted in said respective slots to extend out 
wardly therefrom into engagement with said can Surface, 
each vane being slidable in its slot between a retracted 
position and an extended position to effect continuous en 
gagement of the outer maginal edge of the vane with said 
can surface upon rotation of the rotor, each vane having 
an inner edge disposed within the corresponding vane slot 
for all positions of the vane and being shaped to define 
in an inner portion of the vane a recess extending between 
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opposite sides of the vane and extending outwardly in the 
Vane from the inner extremity of the vane, Said rotor in 
cluding a plurality of rotor reinforcing elements corre 
Sponding to said respective vane slots and occupying sta 
tionary positions with respect to the rotor in which the 
reinforcing elements extend radially outward for substan 
tial distances into Said recesses in said respective vanes 
when the latter are in their fully retracted positions, said 
rotor reinforcing elements each coacting with the two ad 
jacent rotor sectors to transmit forces therebetween to 
effect by means of the reinforcing elements a mutual re 
inforcement of said intervening rotor sectors against ap 
plied bending loads, each of said rotor reinforcing ele 
Inents defining a cylinder opening outwardly toward the 
opposing inner edge of the adjacent vane, a plunger slid 
ably mounted in each of said cylinders to act outwardly 
on the inner edge of the adjacent vane, means including a 
pressure Switching valve connecting said zones of said 
Working Space with said cylinders to supply fluid auto 
matically from the Zone under the higher fluid pressure to 
each cylinder to act on the plunger therein to urge the 
plunger and the coacting vane outwardly, each vane hay 
ing associated therewith means providing continuous com 
munication for fluid between the inner and outer edges of 
the Vane, the portion of each intervening rotor sector lo 
cated radially inward of the radial positions of the inner 
edges of the fully extended adjacent vanes being of solid 
construction that is impervious to the passage of fluid 
therethrough between the adjacent slots and having a 
minimum axial width that is equal to the axial distance 
between said flat end face surfaces on the rotor, and each 
of Said flat end face surfaces on the rotor extending con 
tinuously across the adjacent end of each rotor sector to 
the radially inner eXtremity thereof for the radial positions 
of the adjacent portions of the fully extended vanes. 

25. A rotary vane fluid power unit comprising, in com 
bination, a rotor defining thereon two flat end face sur 
faces axially spaced apart and eXtending radially inward 
from the periphery of the rotor in concentric relation 
thereto, a housing encasing said rotor and including means 
defining a cam surface encircling said rotor and defining 
therewith a fluid working space, said rotor defing an an 
nular Series of outwardly open vane slots Spaced apart by 
intervening Sectors of the rotor, a plurality of vanes slid. 
ably mounted in said respective slots to extend outwardly 
therefrom into engagement with said cam Surface, each 
Vane beig slidable in its slot between a retracted position 
and an extended position to effect continuous engagement 
of the Outer marginal edge of the vane with said cam 
Surface upon rotation of the rotor, each vane having an 
inner edge disposed within the corresponding vane slot 
for all positions of the vane and being shaped to define 
in an inner portion of the vane a recess extending between 
opposite sides of the vane and extending outwardly in the 
vane from the inner extremity of the vane, said rotor 
including a plurality of rotor reinforcing elements corre 
Sponding to Said respective vane slots and occupying sta 
tionary positions with respect to the rotor in which the 
reinforcing elements extend radially outward for sub 
stantial distances into said recesses in said respective vanes 
when the latter are in their fully retracted positions, said 
rotor reinforcing elements each coacting with the two ad 
jacent rotor Sectors to transmit forces therebetween to 
effect by means of the reinforcing elements a mutual re 
inforcement of said intervening Totor sectors against ap 
plied bending loads, the portion of each intervening rotor 
Sector located radially inward of the radial positions of 
the inner edges of the fully extended adjacent vanes being 
of solid construction that is impervious to the passage of 
fluid therethrough between the adjacent slots and having 
a minimum axial width that is equal to the axial distance 
between said flat end face surfaces on the rotor, and each 
of Said flat end face surfaces on the rotor extending con 
tinuously across the adjacent end of each rotor sector to 
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the radially inner extremity of the rotor sector from the 
radial positions of the adjacent portions of the fully ex 
tended vanes. 

26. A rotary vane fluid power unit comprising, in com 
bination, a rotor, a housing encasing said rotor and in 
cluding means defining a cam surface encircling said rotor, 
said cam surface being shaped and positioned in relation 
to the periphery of said rotor to define therebetween a 
working space for fluid, said housing defining flow 
passages communicating with said working space at Spaced 
positions therealong, said rotor defining an annular Series 
of vane slots therein opening outwardly through the pe 
riphery of the rotor and being separated by intervening 
sectors of the rotor, an annular series of circumferentially 
spaced vane units corresponding in number to and being 
formed in part by said respective vane slots, each vane 
unit including a vane slidably disposed in its corresponding 
slot in said rotor between a retracted position and a fully 
extended position to effect continuous engagement of the 
outer edge of the vane with said can surface upon rota 
tion of the rotor, the vane of each vane unit having an 
inner edge disposed within the corresponding vane slot for 
all positions of the vane and being shaped to define in an 
inner portion of the vane a notch extending between op 
posite sides of the vane and extending outwardly in the 
vane from the inner extremity of the vane, said rotor in 
cluding a plurality of rotor reinforcing elements corre 
sponding to said respective vane slots and occupying sta 
tionary positions with respect to the rotor in which the 
reinforcing elements extend radially outward for sub 
stantial distances into said recesses in said vanes of said 
respective vane units when the vanes are in their retracted 
positions, said rotor reinforcing elements each coacting 
with the two adjacent rotor sectors to transmit forces 
therebetween to effect by means of the reinforcing ele 
ments a mutual reinforcement of said intervening rotor 
Sectors against applied bending loads, the portion of each 
intervening rotor sector located radially inward of the 
radial positions of the inner edges of the fully extended 
adjacent vanes being of solid construction that is impervi 
ous to the passage of fluid therethrough between the ad 
jacent slots and having a minimum axial width that is at 
least Substantially equal to the maximum axial width of 
the portion of each adjacent vane that extends outwardly 
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from the periphery of the rotor when the vane is fully 
extended, each vane unit defining first and second vane 
biasing surfaces associated with the vane of the unit and 
being continuously exposed by the vane unit to the pres 
sure of fluid in the interspace adjacent the vane between 
said cam surface, said first biasing surface for each vane 
unit being oriented so that the force thereon of fluid pres 
sure urges the corresponding vane inwardly, said second 
biasing surface of each unit being oriented so that the 
force of fluid pressure thereon urges the corresponding 
vane outwardly, each vane unit defining a third biasing 
surface associated with the corresponding vane and ori 
ented so that the force of fluid pressure on said third Sur 
face urges the vane outwardly, each vane unit including 
means associated therewith to isolate said third biasing 
surface thereof from direct communication with said 
second biasing surface of the unit, means associated with 
each unit for supplying to said third biasing surface thereof 
fluid under high pressure from a high pressure portion of 
said working space for fluid, each vane unit including 
spring means stressed to urge the corresponding vane out 
wardly in its slot, said spring means for each vane having 
a movable power applying portion which acts on the vane 
and moves in and out with the vane as the wane moves 
in and out in its slot, and said spring means for each vane 
having a support portion which reacts on the rotor to 
transmit thereto the reaction of the adjacent vane on the 
Spring means and which is stationary with respect to the 
rotor so that the spring means is flexed and stores energy 
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upon inward movement of the vane and subsequently 
releases energy by relaxation to extend the vane. 
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