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3,181,059 :
FLUID PURMP OR MOTCR
Elmer W. Easter, 827 Summit 8t., Coracpolis, Pa.
Filed Jane 30, 1959, Ser. No. 824,104
14 Claims. (ClL 103--142)

This invention relates to a positive displacement rotary
fluid flow device, capable of being used as-either a pump
or a motor, in ‘which the rate and direction of flow may be
varied.

An object of the invention is the provision of a pump
or motor construction allowing variation of the fluid flow
rate in continuous fashion from ‘a maximum flow rate in
one direction through a neutral position of no flow to a
maximum flow rate in the opposite direction.

Another object is the construction of a-device as de-
scribed in ‘which the leakage and inefficiency caused by
wear on the moving parts and by tolerance inaccuracies in
manufacture may be minimized.

A further object is the provision of accurate means for
varying the flow rate and direction without weakenmg the
structure.

A further object is the construction of a device as. de-
scribed which is free of reciprocating parts and nabalanced
pressure forces likely to cause vibration and. wear.

Further objects of the invention will be evident from the
following deccuption in which

FiG. 1is a cross-sectional side view of one embodiment
of the invention taken on plane 1—1 of FIG. 2;

PIG. 2 i5 a cross-sectional end view taken-on platie 2—2;

of FIG. 1-with the rotating parts removed;
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FIG, 2a is'a section through 24—2a showing one-half. -

the outer casing. It mates with the casing half of FIG. 2
by folding over about line F—F;

FIG. 3 is a cross-section similar to that of FIG. 1 with
the outer casing in a tipped position and w1th the rotating
parts unsectioned;

FIG. 4 is a partial cross-section of some of the rotating
parts of 'the embodiment taken n plane 2—2 of FIG/ 1;

FIG. 5-is a cross-section view of the outer casing and
rotating parts of the embodlme’lt taken on plane 5—5 of
FiG. 2;

FIGS. 6-8 are respectively end, top, and side views of
one type of vane holder;

FIGS. 9=11 are respectively end; top, and side views of
onie type of vane adapted to cooperate with the: vane
holder shown in FIGS. 6-8;

FIG: 12 is an exploded view of the rotatmg parts of one
embodiment ‘of the invention;

FIG. 12a is a partial perspective- view of one of the
rotating parts in a second embodiment of ‘the invention;

FIG. 13 is an exploded view of some of the rotating
parts in a second embodiment of the:invention;

FIG. 14 is an exploded view coriesponding to FI1G. 13

of a different type of vane for use in the second embodi-

ment;

FIG. 15'is a perspective view of still another type of
vane for the second embodiment;

FIGS. 16 and 17 are- diﬁerent types of vanes for ‘the
first and second embodiments seen in perspective;

FIG. 18 is a cross-section of the second embodiment
of the invention taken on plane 18—18 of FIG. 19;

FIG. 19 is a cross-section of the second embodiment
taken on plane 19—19 of FIG. 18;

FIG. 20 is a cross-sectional top view of a-third em-

bodiment of the invention taken on plane 28-—2¢ of FIG.
21;

FIG. 21 is a cross-sectional side view of the third em-
bodiment taken on plane 21—21 of FIG. 20;

FIG. 22 is a cross-sectional view of a check valve taken
on plane 22—22 of FIG. 20;
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FIG. 23.is a cross-section: corresponding to FIG 21
with the ﬂange in a different position;

FIG. 24 is-an-exploded view of several of the rotatmg
parts of the third embodiment;

FIG. 25 is a side view of the ﬂange of the thlrd embodi—
ment;

FIG. 26 is a cross-sectional view of the flange of FIG.
25 taken on plane 26—26;

FIG, 27 is a cross—sectional view of the flange of FIG.

‘25 taken on plane 27—27;

FIG. 28.is a cross-sectiorial view of the conical vane
of FIG. 24;

FIG. 29 is a top view of the conical roller of FIG. 24;

FIGS. 30-34 are views of the developed top surface of
flanges showing various vane constructions in partial trans-
verse, cross-section;-and

FIG. 35 is a schematic diagram of the invention in use
as a.pump driving a hydraulic ram.

Several -embodiments  of the invention are shown.
In the first, illustrated in FIGS. 1-12, an inner casing
29 ‘is ‘mounted- on shaft 21. The inner casing carties
spherical inner working surface 22 (“spherical” means
that ‘a -surface is part of a sphere; not mecessarily a
complete sphere). Quter casing 23 surrounds the rotor
and  embraces :the  inner working ‘surface. - Annular
grooves 24 retain rubber O rings 25 which help seal the
joints ‘between the outer casing and the imner working
surface. - The outer casing bears: opposed interior- side.
walls 26 and- peripheral wall 27 bearing spherical outer
working surface 28. ' The outer and inner spherical work-
ing surfaces have a common center and together with the
side walls definean. annular pumping volume. ; Annular
flange 39 (FIGS. 4 and 5) s located in the pumping voi-
ume in:'an equatorial position: with. respect to the inner
working surface. In the embodiment of FIG. 4 it is inte-
gral with the inner casing. The flange spans:the gap be-
tween the inner and outer-working surfaces and divides
the pumping volume into first pumping space 31 and sec-
ond pumping space 32. . Four sockets -are. drilled down
through the flange and into.the inner working surface in
a radial direction at equal intervals about the periphery
of the flange.  The drilling produces cylindrical  inner
socket 34, flat surface 35, and 4 slight cylindrical -wall 38&.
Where the-flange is cut gripper surfaces 37 are produced.
These opposed gripper surfaces define a vane holder ‘gap
in the flinge ‘which receives vane holder 38.. Projection
39 fits into- the inner Socket with'a rotatable sliding fit
therein,. Bottom surface 40 :is-spherical; has the same
radius ‘of curvature.as the inner working surface and is
flush therewith, continuing this surface.  Clasp arms 41
(see FIGS. 6=8) project from the bottom surface. Outer
cylindrical surfaces 42 make sliding surface contact with
the adjacent: cylindrical -gripper. surfaces -“cylindrical”
means that the surface is part of ‘the surface of a cylin-
der; not necessarily the whole surface).  The outer ends

.43 of the clasp arms are spherical surfaces abutting the

outer working surface and continuing the spherical outer
surface 44 of the flange.

The-cpposed plane parallel vane holding surfaces 45 on
the clasp-arms define between them a vane slot and make
sliding “surface contact with plane parallel end. surfaces
46 of vane 47 (FIGS. 9-11). “Vane 47 may be called
“rectangiiar” because of its rectangular cross-section when
out'by a transverse plane such as plane A—A of FIG. 11,
The upper face 48 and lower face 49 of the wvane are
spherical with the same radii of curvature as the outer
and inner working surfaces, respectively.  The upper vane
face makes sliding surface contact with the outer working
surface 28 and the lower vane face makes sliding surface
contact with both the vane holder bottom surface €4 and
the inner working surface 22. Side faces 5¢ make slid-



3,101,059

ing surface contact with the side walls 26 (“surface con-
tact” refers to the condition in which one surface con-
tacts another over an area, -as contrasted with “line con-
tact” in-which contact is alonga line. -An example of the

latter is the contact between a knife-edge and a surface):

. The four vanes, together with the flange, divide the pump-
ing volume intc eight charge.chambers.

. Four duct openings:59’, 56", 56""" and 50" are pro-
vided, two in each side wall at diametrically opposite posi-
tions. *As shown duct openings 58’ and 59’/ Jocated in
different side walls, are opposed to each cther across the
pumping volume, as are 50"""-and 3¢”’”".  Each duct open-
ing extends over approximately 90° of arc. - By means of
duct 51" (FIG. 2) duci openings 50’ and 50"’ are con-
mnected and by means of duct 51", duct openings 58" and
50’ are connected.

Hollow trunnions 52 carry passages 53 connectmg ducts
51’ and 51" with outlets 54. O rings 55 seal the joints be-
tween the trunnions and the frunnion sockets 56.

The outer casing is comprised of annular inner halves
57 and annular cover plates. 58. This -construction
allows the ducts 51" and 51" to be formed as grooves in
the outer: surface of the inner halves and covered over
with the cover plates (FIG. 1). Easy cleaning and inspec-
tion is therefore possible by removing the cover plates.
Bolts 59 compress-the inner halves and the cover plates
together to form the outer casing. . .

. Post €9, rigidly aitached to the outer casing, is pivotally
attached to link €1 which in turn dis pivotally “atiached
to nut 62. This nut rides on threaded shaft 63 which is
rigidly fastened to handwheel 64.. An indicator assembly
comprised of indicator hand 65 mounted on indicator shaft

10

4 .
ing space 32 to duct opening 5¢", through duct 51" to
the right hand outlet §4 of FIG. 2, and from there oui of
the pump. = Operation as a two stage pump wiil result in
axial pressure unbalance, which will be compensated for
by increased pressure between the spherical inner work-
ing surface 22 and surface of the outer casing on the low
pressure side which abuts the inner working surface.
During rotation of the shaft the surface contact of the
vane side walls against the side faces constrains these
surfaces to. remain substantially parallel.” As a result,
the vanes continually. rotate relative to the flange about
vane axes (instantaneous axes passing through. the vanes

© and.the center of the spherical inner working surface):

20

30

66 communicates by means of crank 67 and indicator link -

68 with nut .62 showing the position of the outer casing.
‘When the device is.used as-a pump, a motor is attached
to shaft 21 and rotates the shaft, inner casing, flange, vane

35

holders and vanes within the stationary outer casing. The -

O rings 25 seal the joint between the inner and outer
casing -during rotation. By turning the handwheel the
outer casing may be made to rotatein the trunnions. As
‘shown in FIG. 3 the axis of the annular flange and the
axis of the annular pumping veolume may be made. to
diverge by this rotation (by the “axis” of an annular siruc-
_ture is meant the line normal to the plane of the annulus
and passing through the center of the annulus). Rotation
of-the shaft will then cause the volume of each charge
chamber to change and fluid will be pumped from. one
outlet. 54 to-the other. = By adjusting-the angle between
the flange axis and the pumping volume axis.to zero a
condition of no flowin the passages will resuit:  Further
adjustment will reverse the flow.direction.
the flow rate and direction is thus possible withotit vary-
ing the speed or direction of shaft rotation.

The device may be used as a motor by providing fluid
under pressure at-one of the-outlets, The pressure will
fotate the shaft 21, which may be connected to a load.
By varying the setting of the cuter casing the speed and
torque of shaft 21 may be wvaried, as well as the dlrectlon
of rotation of the shaft.

As shown in FIGS. 1 and 2, the ducts 51’ and 51" are
so constructed that the device, when used as a
erates as a single stage pump. Both pumping spaces 31
and 32 receive fluid from the same ‘iniét, and both dis-
charge to the same outlet. - They pump in paraliel.  How-
ever; by changing the. ducts the pumping spaces may be
made to opérate in series as a two stage pump. Thus,
duct 51’ may be modified to connect duct opening 59"
with duct opening 50’ rather than with duct opening 59’
as shown in FIGS. 2 and 24. The connection shown be-
tween duct opening 50"' and outlet 54 may then be
blocked. - With these modifications, fluid may, for ex-
ample, follow a path from the left hand ocutlet 54 of FIG.
2 to duct opening 5¢', from duct opening 59’ through
the first pumping space 31 to duct opening 58", through
duct 51" to duct opening 50”’", through the second pump-

Variation of -

a pump; op-.

40

45

50

In addition, the vanes slide from side to side relative to
the flange. = These rotating and sliding motions must be
allowed for without leaving clearances which will allow
substantial leakage between charge chambers. The vane
holders achieve this result. They rotate in the vane hold-
er gaps about radial axes through the center of the
spherical inner working surface so that their vane holding
surfaces remain parallel to the end faces of the vanes
while the vanes slide through the vane slots.

FIGS. 12¢-15 show varjations in vane and flange de-
sign. -FIG. 12a shows a portion of a shaft, inner casing
and flange, corresponding generally to those of FIG. 12.
In FIG. 124, however, the inner socket 34,-flat surface
35, and cylindrical wall 36 of FIG. 12 are omitted, and
the spherical inner working surface 224 continues through
the vane holder gap from one side of the flange 364 to the
other. In this variation gripper surfaces 37a are plane
surfaces, not cylindrical as in FIG. 12. A vane such
as-vane-76 of FIG. 14 having a circular cross-section in
cutting planes normal to-its vane axis may be used. The
vane side surfaces 77 are cylindrical, while the top and.
bottom surfaces are spherical. The side surfaces make
line confact with the side walls and the gripper surfaces
37a. Another vane 76q is shown in FIG. 15 in which the
side surfaces are conical and would have, if extended, an
apex at the center of the spherical inner working surface.
Such conical vanés may roll on one side wall or the -other
as the flange rotates. Other shapes having cylindrical
transversé. cross-section. are possible, as for example, a
barrel shape with spherical top and bottom end surfaces.
The gripper surfaces 372 and the side walls 26 need only
be modified to allow close.contact with the vane shape
chosen and to allow arcuate sliding of the vane through the
vane gaps in the flange.

FIGS. 13, 14, 18 and 19 illustrate a modified second
construction havmg certain advantages over the first con-
struction described above.  In-the second construction the -
ﬂange 76 is rigidly connected to the shaft-21. ¥nner cas- -

_ing 71 supports the shaft and flange by means of anti-
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-friction bearmgs 72. - A running clearance between the

inner casing and the flange surfaces 73 is provided. Wear
of the O rings 25 is prevented since the inner casing does
not revolve with the shaft. Wear is further prevented
by the provision of an annular peripheral wall 74 bearing
the outer working:surface. ~The peripheral wall rotates
with the vanes and is driven by fastening it to a vane or to
two diametrically opposed vanes.  Spherical surface 224
(FIG. 18) extends from one side of the flange to the other,
continuing inner spherical working surface -22b of the
inner casing, a construction analogous to surface 22a¢ of
FIG. 12a. Where conical or cylindrical vanes are used
with a rotating peripheral wall, two diametrically opposed
vanes may be rotatably fastened to the wall by means of
stud 78 projecting inward from the- peripheral wall and
screw 78a, as shown in FIG. 14.

- A further vane variation is shown in FIGS. 13, 18, 19
and 32. - Asis most clearly shown in FIGS, 13.and 32,
the assembled vane 72 and vane holder 80 have the form
of a cross patée in a cross-section formed by a transverse
plane (a plane normal to the vane axis). (As used herein

“cross patée” refers to a cross having arms narrow at the
center and expanding towards the ends and flat at the
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outer edges.) -~ Vane 79 comprises two vane arms 81 hav-
ing side faces 82 in sliding surface contact with the side
walls.  These vane arms join in a central vane hub 83.
While the vane 79 extends from' the inner working sur-
face to the outer working surface and comprises a spherical
upper face 84 and a spherical lower face 85 in contact
with these surfaces, the vane hub’contacts only one of
the . working . surfaces extending. only part way. to the
other (the one contacted is a matter of choice; in FIG. 13
it is the outer). The vane hub carries vane hub surfaces
86. ‘

Vane holder 89 comprises opposed vane holder arms 87

having outer surfaces €8 in sliding surface contact with
the gripper swifaces. These vane holder arms join in‘a
central vane ‘holder hub- 89, Like vane 7% the vane
holder. extends from the inner working surface to the
outer ‘working. surface and comprises a spherical upper
face 8% and a spherical lower face 91 in contact with these
surfaces.. The vane holder hub contacts only one work-
ing surface (the innerin FIG. 13) and extends toward the
other far enough to make sliding contact with the vane
hub. . The vane holder hub'carries vane holder hub sur-
These make sliding costact with hub engaging
surfaces 33 on the vane while hub engaging surfaces 93
on the vane holder make sliding contact with the vane
hub surfaces 86.

The cross patée construction of the assembled vane and
vane holder allows limited rotation of the vane relative to
the vane holder about an instantaneous axis of rotation
through the center of the vane hub and the center of the
spherical inner working surface. "As a resuit, vane side
faces 82 may remain parallel to the side walls while vane
holder outer surfaces €8 remain parallel to gripper surfaces
37a.- (As used in this specification the term.“instantane-
ous axis” is used to indicate that the axis-about which the
rotation in question occurs.is not fixed in space. Actuaily
the instantaneous axis rotates about: the. center of the
spherical inner working surface in the same manner thata
spolee in-a wheel rotates about the axis of the wheel.
Each vane rotates in a circle -about this center, while at

the same time twisting about the instantaneous axis

through the center in a back-and-forth manner.)

As in the case of the cylindrical or conical vanes de-
scribed, a:pair of diametrically opposed vanes of the
cross patée type may be fastened to the rotating peripheral
wall, where such wall is used. ‘See FIG. 13 in which two
screws 95 are emploved for this purpose.

A modified vane stricture is shown in FIGS. 16 and 30
-in which a. vane is'split into two vane halves 95 and 97.

The assembled vane is comprised of wide end face 98 and
narrow.end. face 99, both “of cylindrical : strutture .as
shown, although they might be conical or.of other shape.
These end faces make sliding surface contact with gripper
surfaces 37. - Side faces 188 converge, comnecting the
wide and narrow end: faces. - At the junctions of the side
faces:and the end face are located.contact surfaces 163
which make sliding contact with :the side walls.. To aid

¢ in ‘maintaining this contact a vane.ceil spring 192-16-

cated between .the 'vane halves urges them apart. The
vanes pivot -about vane stud 183 which may be screwed
into the inmer casing or othéerwise fixed with respect to
the flange. - These ‘contact surfaces may be further im-
proved by adding rollers 164, Where faces 98 and 89 atre
conical, conical roller may be used, having 'an apex (if
extended) atthe center of the spherical inner surface, thus
converting sliding contact with the side walls to rolling
contact. - As in the other vanes, the upper and lower vane
faces are spherical.

Ancther modified vane structure: related- to that just
described is shown in FIGS. 17 and 31 in which vane 29
pivots about vane stud 185 which'is fixed with respect to
the flange.. These vanes have spherical upper face 186
and spherical lIower face 187, and travel to the right as
seen in FIG. 31.

previously set forth this modification employs recesses

Unlike ' the various. constructions .
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“of :the shaft.

‘spect to the shaft axis of rotation.
.shown conical rollers 128 are used, two diametrically

6

in the: flange to receive the vanes instead of gripper sur-
faces defining slots in the flange. Larger numbers of
vanes are required, eight being the equivalent of four
of ‘the other vanes so far described. The surfaces of
the ‘vanes in contact with the side walls may be improved
by .conical roliers of the type described in relation to the
split vane of FIG. 16.

It may be desirable to fasten every vane to the ro-
tating peripheral wall. - Such a construction helps avoid
leakage between charge chambers through the ‘space be-
tween the upper vane face and.the outer working surface. .

Due to the geomeiry involvéd when all vanes are fastened

to the peripheral wall, an attempt to tilt the axis of the
flange relative to the .axis of the pumping volume in the
constructions so-far described will fail unless fairly wide
clearance is left between the end faces of the vanes and
the -gripper surfaces of the flange. - The leakage through
such spaces may be reduced by means of the shutter con-
struction shown in FIGS. 32 to 34.. FIG. 34 shows:a vane
168. of Tectangular ‘cross-section in ‘2 plane normal to a
line through the vane and the center of the spherical inner
working surface. - Vane gap surfaces 149 define vane gaps
in the fiange. OCpposed interior flange surfaces 110 define
a central groove in the flange in which is located shutter
#11. Spring 312 urges the shuiterinto the vane gap. Be-
tween the shutter and the vane end surface contact plate
113 is'positioned. Surface 114 of the contact plate makes
sliding surface contact with the vane end -surface. The
contact plate makes a rockable joint with the shutter.
Spherical upper faces 114a and 115, on the shutter and
contact pinte. respectively, make sliding surface contact
with the upper working surface. -Center section 119 is
fixed to the flange. -

The simple rectanguiar vane of FIG. 34 may be modi-
fied as shown in FIG. 33, in'which vane is an assembly of
an H-shaped- central portion 136 ‘fastened to the pe-
ripheral wall and two. T shaped side portions 1#7 hav-
ing side faces 118 in'sliding surface contact with the side
walls. 'Spring. 119 urges the T shaped side - portions
laterally ‘cutward against the: side walls,

The use of a. contact plate may be avoided as shown
in FIG. 32 in which the shutter is provided -with outer
face 116a in sliding surface contact with the end face of

‘2 cross patée-type vane hclder of the type. already de-

scribed. . The other arms of the cross patée (the vane) are
fastened to the rotating peripheral wall,

CFIGS. 205 21 and 23 to.29 illustrate a third modified
construction ‘of the basic ‘design.  The variations so far
described have employed an annular pumping volume
having an-axis which diverges. from: the axis of rotation
The third . construction :keeps -these -axes
parallel; and tilts the axis: of the annular flange with re-
In the embodiment

opposite rollers. being carried on studs 121 fastened to
the inner working surface.  The. flange 122 is free tc os-
cillate relative o the inner . working surface; which: it con-

“tacts throngh spherical lower flange surface 123, and rela-

tive to the conical rollers, which it contacts with gripper
surfaces 124,
GCuter ‘working ‘surface 125 is carried by -peripheral

~wall 126. " Groove surfaces 127 define an annular groove

extending . into the outer working surface.. The groove
surfaces ‘make sliding surface contact with the flange
while anti-friction ball bearing 128 guides the flange and
absorbs side thrust on the flange due to unequal pressure
forces on its sides.” The peripheral wall is annular and is
confined in an annular wall groove defined by guide sur-
faces 129 in the cuter casing. The annular pernipheral
wall can rotate about its axis... The peripheral wall ro-
tational axis diverges from the axis of the annular pump-
ing-volume by a first angle, while the flange rotates about
a flange rotational axis diverging from the peripheral wall
rotational axis by a second angle.  While the magnitudes
of the first and-second angles are fixed by geometry of
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the pump, rotation. of the peripheral wall varies the angle
of divergence between the flange rotational axis and the
axis of the annular pumping volume. This angle of
divergence may be brought to zero, ie., the latier two
axes made parallel. In this case flow through the pump

is zero.. Further rotation of the peripheral wall in the

same direction past the zero point will reverse the ﬂuld
flow direction.

The peripheral wall is made in two halves joined by
‘bolts' 139, seen in cross-section in FIG. 20. Rotation is
- effected by means- of bevel gear 131 bolted to the pe:
ripheral wall and meshing-with bevel gear pinion 132.
_The bevel gear pinion is: connected in- driven relation to
handwheel 133 through shaft I34. Indicator hand 135
is- fastened to ring gear 136 which is rotated by plazet
gears 137, sun gear 138, and bevel gears 139 and 149, the
‘latter driven by shaft 134. The indicater hand thus shows
the position of the flange and consequently the rate and
direction of fluid flow.
© The duct system “is analogous to that of the first em-
bodiment, and may be seen in FIGS. 20, 21 and 22. Four
- duct-openings 159, 151, 152 and 153 are provided, two in
each side wall at diametrically opposite positions, duct
‘opening 150 being opposed to duct opening 151 and duct
opening 152 opposed to duct opening 153. Duct 154 con-
nects duct openings 150 and 152 while duct 155 connects
duct openings 151 and 153. Duct 155 connects with out-
let 156 and duct 154 with outlet 157.

Sump 147 (FIG. 21)‘is provided in the bottom of the
pump casing or shell 142. An extension 159 of sump
147 extends upward on either side of the pump as shown
in dotted lines in FIG. 21 and in section in FIG. 22.

FIG. 35 is a schematic diagram of a system in which
a device of the type previously describeéd is used to drive
a hydraulic ram. The pump 141 is enclosed in a shell
142 which collects fluid leakage past the various oil
- seals employed in the pump construction. -. Pipes 143 and
144 connect the pump with the ram. These pipes, the

pump, and the ram form a closed circuit for fluid flow-

(except for pump leakage into the shell). Check valves
145 and 146 (shown in detail in FIG. 22) connect pipes
143 and 144 with extension 159 of the sump 147 of the
shell which accumulates pump leakage. When flow is in
the clockwise direction indicated by  the arrows in FIG.
35 the pressure in pipe. 143 will be above atmospheric
and check valve 145 will remain closed, the surface of the
liquid in the-shell being under atmospheric pressure.
Pressure in pipe 144 will be below atmospheric if leakage
takes place into the base from the pump and check valve
146 will open, allowing fluid' flow from the base into
pipe ‘144 to restore fluid lost in the closed system. Re-
- ~versal of the flow direction will close check valve 146
and open 145,
1y closed by screwing down on balls 148 with screw 149.
This may be desirable when the device is used as a motor
driven by fluid under pressure.

One advarntags commeon to all the designs shown is 2
superior resistance to 'wear of the vanes, such wear either
being avoided or automatically compensated for by the

. design employed. Thus, the cylindrical and conical vanes

The check valves may be kept permanent-_
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design also compensates-for variations in the lateral di-
mensions -of the pumping volume caused by variations in .

the distance between the side walls at various points of
the pumping volume. - The vanes shown in FIGS. 17 and
31 compensate for wear in an analogous manner, reach-
ing out far enough to contact the side walls and make
line contact therewith. A coil spring may be employed
to press them against the side walls. :
Vanes such- as the cross patée vane and the rectangular
vane of FIGS. 13 and 12 compensate for wear in a some-

what different way. They make sliding surface contact -

with the side walls, so that wear is distributed - over their
side surfaces.  In‘addition, these vanes can bridge varia-
tions in the distance between the side walls at various
points around the periphery by rotating shghtly about
an axis through the vane perpendicular to the inner work-
ing surface, so ‘that they contact the side walls with
diagonally opposed edges. Such twisting is a mnatural
result of the pressure forces exerted on the vane by the
fluid being pumped. ] .

Vanes which are fastened to a rotating peripheral wall
as in FIG. 32 are protected from wear on their side faces
because the peripheral wall prevents them from continu-
ally scraping against the side walls, at the same time sup-
porting them close to the side walls so that leakage past
their side faces is substantially prevented,

The lack of reciprocating parts in this device helps pre-
vent unwanted vibration and wear. - There is little or no
axial force in the device due to fluid pressure, since the
pressure forces in the first pumping volume offset those
in the second. The result of the fluid pressure forces is
a torque about a fixed axis perpendicular to the shaft axis.
This torque is resisted by the bearings which carry the

‘ends of the shaft.

What is claimed is: :

1. In a rotary. fluid flow device compnsmg an inner
casing with -a spherical inner working surface; an outer
casing embracing the inner working surface and bearing

opposed' interior side walls; a spherical wall rotatable

about the axis of an annular pumping volume and bear-
ing a spherical outer working surface spaced from.and
opposed to the inner working surface, said outer working
surface being radlally outside said inner working surface,
said annular pumping volume being defined by the inner
and outer working surfaces and the side walls; an' annular

“flange in the pumping volume spanning the space between

the spherical working surfaces and-thereby dividing the
pumping volume into-first and second pumping spaces;

opposed gripper surfaces defining vane gaps in the flange; -

at least three transverse vanes extending between the

- flange and the side walls; thereby dividing the first and
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shown: may roll on the side walls when forced into con- -
tact therewith. -~ Sealing contact between conical and cylin- -

drical vanes and ‘the side walls is line contact only, but
rotation of these vanes distributes wear over the whole
vane side surface rather than a portion of the surface
only.” Thus, wear of the vanes and the side walls is re-
‘duced and distributed over a much greater surface area
of the vane, prolonging vane life and reducing leakage
past the vanes.

The vanes shown in FIGS. 16 and 30 also automati-
cally compensate for wear.
the vane halves in contact with the side walls even after
some wear has taken place on the contact surfaces 1¢1.
The addition of rollers 1804 making rolling contact with
the side walls aids in preventing frictional wear. - This

The coil spring 102 keeps-
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second pumping spaces into charge chambers, each vane
having upper and lower faces conforming respectively to

the outer working surface and the inner working surface, .

at least one varme-connected in driving relation-to the
peripheral wall; means for rotating the flange - about its
axis together with the vanes and peripheral wall, with the
axes of the pumping volume and the flange- diverging
from the center of the spherical inner working surface,

“ithereby- changing the volume of each:charge chamber,
and duct means for introducing fluid from a fluid supply

into the charge chambers during the increase in volume
thereof and for removing fluid to a fluid discharge from
the charge chambers during the decrease in volume there-

~ of, the improvement comprising non-rotating interior side
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walls; vanes rotatable during the rotation of the flange,
said vanes rotating aboutf an instantaneous vane axis ex-
tending through the center of the spherical inner working
surface, and said vanes having spherical upper and lower
faces of the radius of curvature respectively of the outer
working surface and the inner working surface, and side
faces adapted to make sliding surface contact with the
side walls whereby rotary motion of the vane relative to
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the side walls about the vane axis is substantially pre-
vented.

2. In a device as described in claim 1, a vane holder
located in each vane gap in fransverse sliding contact
with the gripper surfaces whereby rotary motion of the
vane holder relative to the flange about an axis through
the center of the spherical inner working surface is sub-
stantizlly prevented, and a vane held by each vane holder.

3. The vane and vane holder unit of claim 2, said unit
being, in a cross section of the assembled vane and vane
holder taken in a plane normal to the vane axis, con-
structed in the shape of a cross patée having opposed
arms, one pair of opposed arms being formed by the
vane and the other by the vane holder.

4. A device as described in claim 3 comprising a cen-
tral vane hub of circular cross section in a plane normal
to the vane axis, said vane hub joining the opposed arms
of the cross patée formed by the vane; a vane holder hub
of circular cross section in a plane normal to the vane
axis, said vane holder hub joining the opposed arms of
the cross patée formed by the vane holder, said vane hub
and said vane holder hub being superimposed axially;
opposed hub engaging surfaces on the vane forming a
sliding fit with the hub of the vane holder; and opposed
hub engaging surfaces on the vane holder forming a slid-
ing fit with the hub of the vane.

5. The device of claim 1 in which the outer casing
comprises two abuiting annular shells, a side wall on each
annular shell, duct openings i each annular shell com-
municating with the pumping volume, duct means in each
annular shell communicating with the duct openings, said
duct means comprising walls formed and constructed in
the outer faces of the annular shells defining channels
therein, and annular cover plates abutting the outer faces
of the annular shells and covering the channels.

6. The device of claim 5 in which the annular shells
and cover plates are secured together by fastening means
compressing the cover plates toward each other.

7. The device of claim 1 in which two diametrically
opposed vanes are associated with the peripheral wall in
driving relation thereto.

8. A rotary fluid flow device comprising an inner cas-

ing with a spherical inner working surface; an outer
casing embracing the inner working surface and bearing
opposed non-rotating interior side walls; a peripheral wall
rotatable about the axis of an annular pumping volume
and bearing a spherical outer working surface spaced
from and opposed to the inner working surface, said an-
nular pumping volume defined by the inner and ocuter
working surfaces and the side walls; an annular flange
in the pumping volume spanning the space between the
spherical working surfaces and thereby dividing the pump-
ing volume into first and second pumping spaces; opposed
gripper surfaces defining vane gaps in the flange; at least
three transverse vanes extending between the flange and
the side walls, thereby dividing the first and second pump-
ing spaces into charge chambers, each vane having upper
and lower faces conforming respectively to the outer
working surface and the inner working surface, at least
one vane connected in driving relation to the peripheral
wall; means for rotating the flange about its axis together
with the vanes and peripheral wall, with the axes of the
pumping volume and the flange diverging; thereby chang-
ing the volume of each charge chamber, and duct means
for introducing fluid from a fluid supply into the charge
chambers during the increase in volume thereof and for
removing fluid to a fluid discharge from the charge cham-
bers during the decrease in volume thereof.

9. The device of claim 8 comprising duct means where-
by the fluid removed from the charge chambers of the
first pumping space is introduced into the charge cham-
bers of the second pumping space, thereby achieveing
two stage flow.
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10. A vane and vane ‘holder unit for use in a fiuid
flow device, said device having an annular pumping vol-
ume defined by inner and outer working surfaces, said
otiter: working surface being radially outside said inner
working surface and side walls and having an annular
flange spanning the space between the inner and outer
working surfaces, said flange having opposed gripper sur-
faces defining vane gaps in the flange, said vane and
vane holder unit comprising a vane holder; vane holder
outer surface means on the vane holder adapted to make
transverse sliding contact with the gripper surfaces, said
contact preventing rotary motion of the vane holder rela-
tive to the flange about an axis through the center of the
inner working surface, and a vane held by the vane holder
and rotatable with respect thereto about a vane axis, said
vane having upper and lower surface means for conform-
ing respectively to the outer and inner working surfaces
and said vane having side face means adapted to make
siiding surface contact with the side walls and thereby
preventing rotary motion of the vane relative to the side
walls about the vane axis.

11. The vane and vane holder unit of clajim 10 in which
in a cross section in a plane normal to the vane axis the
assembled vane and vane holder exhibit the shape of a
cross patée of which one pair of opposed arms is formed
by the vane and the other by the vane holder.

12. The vane and vane holder unit of claim 11in which
the opposed arms of the cross patée formed by the vane
join a central vane hub of circular cross-section in a
plane normal to the vane axis and carry opposed hub
engaging surfaces and the opposed arms of the cross patée
formed by the vane holder join in a vane holder hub of
circular cross-section and carry opposed hub engaging
surfaces, the vane hub and vane holder hub being super-
imposed axially and the hub engaging surfaces of the
vane holder forming a sliding fit with the hub of the vane
and the hub engaging surfaces of the vane forming a
sliding fit with the hub of the vane holder.

13, The vane and vane holder unit of claim 10, said
unit being, in a cross section of the assembled vane and
vane holder taken in a plane normal to the vane axis,
constructed in the shape of a cross patée having opposed
arms, one pair of opposed arms being formed by the
vane and the other by the vane holder.

14, ‘A device as described in claim 13 comprising a
central vane hub of circular cross section in a plane nor-
mal to the vane axis, said vane hub joining the opposed
arms of the cross patée formed by the vane; a vane holder
hub of circular cross section in a plane normal to the
vane axis, said vane holder hub joining the opposed arms
of the cross patée formed by the vane holder, said vane
hub and said vane holder hub being superimposed axi-
ally; opposed hub engaging surfaces on the vane forming
a sliding fit with the hub of the vane holder; and opposed
hub engaging surfaces on the vane holder forming a slid-
ing fit with the hub of the vane. :
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