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Claims. (Cl. 103—4)

This invention relates to pumps and motors of the kind
having three rotors concentrically mounted and rotatable
with a central shaft, a similar number of bored stators
surrounding said rotors at least the centre one of which
stators is or may be set eccentrically in relation to the
axis of the shaft, and vanes slidable in radial grooves
in each rotor having an ecceniric. stator.

An object of the invention is to eliminate the previous
necessity in machines of this kind for separating or par-
titioning plates or like members between the respective
fluid chambers.

According to the invention and to the attainment of
this object I provide a pump or motor of the aforesaid
kind in which the diameter of the centre rotor differs
from that of the two end rotors and the product of the

_ diameter and axial width of either of the two end rotors
is approximately equal to half the product of the di-
ameter and axial width of the centre rotor. This ar-
rangement provides sealing surfaces between the respec-
tive fluid chambers without the necessity for separating
or partiiioning plates or equivalent members.

The invention is applicable to a pump or motor in
which the bores of the stators for all three rotors are
eccentric to the shaft axis and in which all three rotors
are equipped with vanes slidable in radial grooves there-
in.

However, the invention is also applicable to a pump
or motor in which the bore of the centre stator alone
is eccentric to the shaft axis and its rotor is equipped
with vanes slidable in radial grooves therein, while the
bore of each of the end stators is concentric to the shaft
axis and carries two abutments (which may be radially
slidable) on approximately the same centre line as the
eccentricity of the centre stator, these abutments mak-
ing sealing contact with the unbroken periphery of the
pertaining rotor.

In either case the pump or motor may be so con-
structed that the eccentricity of the bore of the centre
stator is capable of being varied at will as in accord-
ance with my patent application Ser. No. 710,573, now
Patent No. 2,972,953.

In order that the invention may be beiter understood
two embodiments thereof as applied to pumps are illus-
trated by way of example on the accompanying draw-
ings to which reference is now made.

FIG. 1 is a longitudinal section on I—I of FIG. 2.

FIG. 2 is a transverse section on II—II of FIG. 1.

FIG. 3 is a transverse section on HI—III of FIG.

FIG. 4 is a transverse section on IV—IV of FIG.

FIG. 5 is a longitudinal section on V—V of FiG.

-FIG. 6 is a transverse section on VI—VI of FIG.
" FIG. 7 is a transverse section on VII—VII of FIG..

FIG. 8 is a transverse section on VII-—VIII of FIG.

Referring first to FIGURES 1 to 4, a shaft 1 is carrled
in ball-bearings 2 and 3 mounted in end housings 4 and 5.
Keyed to the shaft but free to slide axially on it is"a

rotor 6, and rigidly and concentrically mounted on ex-
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by that rotor’s axial width is equal to half the product
of the diameter and the axial width of the rotor 6.

Each of the three rotors 6, 7, 8 is provided with eight
pairs of equidistant grooves 6a, 7a, 8a respectively, these
grooves being of equal depth and extending inwardly
from the rotor. periphery and their bottoms being con-
nected by ducts 6b, 7b, 8b respectively to said periphery
between adjacent pairs of grooves. - The coastruction of
each rotor is in accordance with my Patent No. 2,928,350.

Surrounding the rotor 6 is an adjustable stator 9, ap-
proximately the same axial width as this rotor and hav-
ing a circular bore which is substantially greater in
diameter than the rotor but substantially less than a cir-
cle inscribed at the bottoms of the grooves 7a and 8a;
surrcunding the rotors 7 and 8 are stators 12 and 13 of
approximately the same axial width as these rotors and
having circular bores which are substantially greater in
diameter than the rotors. The described arrangement of
the rotors and their stators forms sealing surfaces between
the respective fluid chambers without the necessity for
separating or partmomno plates thereby s1mphfymg the
construction.

The adjustable stator 9 is carried in slides 10z and
106 in an outer member 10 and has freedom to move
transversely in these slides in relation to the rotor 6 from
a position where the centre of the stator bore is a pre-
determined. distance on one side of the shaft axis to a
position in which it is a predetermined distance on the
other side of the shaft axis. . Sixteen vanes 11, approxi-
mately the same axial width as the rotor 6, are free to
slide radially in the grooves 6a; they maintain contact
with the bore of the stator 9 by centrifugal force when
thz rotor is rotated (with or without the aid of springs).
Chambers %a and 9b extend radially outwards from the
bere of the stator 9 and are separated by equal unbroken
portions 9¢ of the stator bore, each of these portions hav-

© ing a greater angular length than the angular distance
S g g
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between adjacent pairs of vanes ¥1. The chambers 94
and 95 are situated on a transverse plane at right angles
to that on which the adjustable stator 9 moves. Cham-
ber 9a is a pressure chamber and is connected by a duct
9d to the pump outlet port 18c in the outer member 18.

" Chamber 956 is a non-pressure chamber and is connected
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tensions at opposite ends of the rotor 6 are two other -

rotors 7 and 8, all three rotors forming one rotatable

"~ unit concentric with the axis'of the shaft 1. ' The rotors

.7 and .8 are identical; they are considerably larger in’

»dlameter and shorter in axial ‘width than the central rotor
6. 'In fact the diameter of the rotor 7 or ‘8 muitiplied

by a duct ¢ to a non-pressure port 14d counected to the
fluid reservoir.

The stators 12 and 13 are fixed radially in relation to
the rotors 7 and 8, their bores having a predetermined and
identical eccentricity in relation to the shaft axis on the
same transverse plane as that on which the adjustable
stator 9 moves. Sixteen vanes 14 and sixteen vanes 15,
approximately the same axial width as the rotors 7 and
8, are free to slide radially in the grooves 7a and 8a re-
spectively; these vanes maintain contact with the bores
of the stators 12 and 13 by centrifugal force when the
rotors are rotated (with or without the aid of springs).
Chambers 124, 12b and 134, 13b extend radially out-
wards from the bores of the stators 12 and 13 respectively,
the chambers in each stator being separated by equal
unbroken portions of the stator bore i2¢ or 13c, each
of these portions having 'a greater angular length than
the angular distance between adjacent pairs of the vanes.
The chambers 124, 12b, and 134, 13b, are on transverse
planes at right angles to the plane in which the adjustable
stator 9 moves.  The chambers 124 and 13a are pressure
chambers and “are respectively connected bs v ducts 124
and 13d to another duct 16 which is on a plane paraliel
to the shaft axis. Duct 16 connects to the output port .
10c. . The chambers 125’ and. 136 are non-pressure
chambers and are respectwely connectéd by “dutcts 12e
and 13¢ to -another duct 17 which is on a plané’ ‘parallel
to the shaft axis: Duct 17 connects’ to the mlet port lﬁe-
in the outer member 16. - .
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When the described pump is ‘adjusted for full flow,
the eccentricity of the adjustable stator 9 is at its maximum
and is at 180° to the eccentricities of the stators 12 and
13. There is then a gap between the adjustable stator
and the outer member 10. Small diameter holes 9f and
9g connect this gap to the pressure chamber 9a and the
non-pressure chamber 9b, thus creating a fluid pressure
at this side of the adjustable stator 9 which holds it in the
full flow position. When the adjustable stator is in the
full flow position and the rotors are rotated, the displace-
ment thus created causes fluid to enter through the ports
104 and 10e and to be expelled through the ouilet port
19c.

For the purpose of adjusting the stator 9 at will the
outer member 10 is equipped with an adjusting screw 18
and an adjusting nut 19, which are retained in position by
a retajning plate 20. By rotating the adjusting nut, the
adjusting screw can be moved inwards against the adjust-
able stator 9 forcing it to move towards the other side of
the outer member 10. '

When the adjustable stator 9 is moved towards the
concentric position the displacement created between it

- and the rotor 6 is reduced and becomes zero when the
stator reaches the concentric position, so that at this
point the total displacement of the pump is created be-

~ tween the end rotors 7 and 8 and the end stators 12 and
13. If the adjustable stator 9 is moved farther to:be-
come eccentric with the shaft axis in the same direction
as the eccentricities of the stators 12 and 13, the dis-
placement created between it and the rotor 6 .absorbs
a proportion of the fluid displaced by the rotors 7 and 8
and this fluid is expelled through the non-pressure port
104 back to the reservoir. - Under these conditions the
rotor 6 is being driven by pressure fluid displaced by
the rotors 7 and 8 and the energy represented by this
displacement is being returned to the shaft 1. By mov-
ing the adjustable stator 9 far enough in this direction all
the fluid displacement by the rotors 7 and 8 is returned to
the reservoir through the nonpressure port 104 and apart

from volumetric and other losses no energy is absorbed -

by the pump. .

Referring now to FIGS. 5 to 8, a shaft 21 is carried
in ball-bearings 22 and 23 mounted in end housings 24
-and 25. Keyed to the shaft but free to slide axially on
it is a vane-bearing rotor 26 and rigidly and concentri-

cally mounted on extensions at opposite ends of the rotor -

26 are two pressure re-action rotors 27 and 28, all three
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rotors forming one rotatable unit concentric with the axis

of the shaft 21. .

Rotors 27 and 28 are identical; they are. larger in
diameter and shorter in axial width than the vane-bearing
rotor 26. In fact the diameter of rotor 27 or 28 multi-
plied by -the axial width of that rotor is equal to. half
the product of the diameter and the axial width of the
rotor 26. :

The vane-bearing rotor 26 is provided with eight pairs
of equidistant-grooves 26a of equal depth and extending
‘inwardly from the rotor perithery, and the bottoms of the
- “grooves are connected by ducts 26b to said periphery
between adjacent pairs of grooves. - The construction of
the rotor 26 is in accordance with: my Patent No.
2,928,350. e . B

“Surrounding the. rotor 26 is an adjustable stator 29,
‘approximately the same axial width as the rotor and hav-
ing a circular bore which is substantially greater in- di-

ameter than the rotor but substantially less than the di--
ameter of either of ‘the pressure re-action rotors 27, 28;

surrounding the pressure rTe-action rotors 27, 28 are

- fixed .stators 3 2; 33 respectively, approximately the same
-axial width: as the rotors and having circular bores which -

- are ‘concentric with and slightly greater in diameter ‘than
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The adjustable stator 29 is carried in slides 30a and
3¢b in an outer member 30 and has freedom to move
transversely in these slides in relation to the rotor 26
from a position where the ¢entre of the stator bore is a
predetermined distance on one side of the shaft axis to
a position approximately concentric with the shaft axis.
Sixteen vanes 31, approximately the same axial widih as
the rotor 26, are free to slide radially in the grooves
264a; they maintain contact with the bore of the stator 29
by centrifugal force when the rotor is rotated (with or .
without the aid of springs). Chambers 292 .and 29b ex-
terid radially outwards from the bore .of the stator 29
and are separated by equal unbroken portions 29¢ of the
stator ‘bore, each of these unbroken portions having a
greater angular length than the angular distance between
adjacent pairs of vanes 31.. The chambers 294 and 295
are situated on-a transverse plane at right angles to that
on which the adjustable stator 29 moves. - Chamber 29a
is the outlet chamber and is connected directly to the
pump outlet port 30c in the outer member 30. Chamber
295 is the inlet chamber and is connected directly to the
inlet port 30d. -

Each of the fixed stators 32 and 33 has two radial
grooves 32a and 33a respectively, which -extend radially
outwards from the bores of the stators.  Two abutments
34 and two abutments 35 are free to slide radially in the
grooves 32a and 33a respectively, and these abutments
are constrained to make sealing contact with the pressure
reaction rotors 27 and 28 by hydraulic pressure (with or
without the aid of springs). Abutments 34 and 35 are
situated on a centre line parallel to- the slides 30a and 30
in which the adjustable stator 29 moves. The anoular
spaces between the .pressure reaction rotors 27 and 28
and the fixed stators 32 and 33 are divided into four
chambers 27a, 275 and 28a, 28b by the abutments 34
and 35. Chambers 27« and 28a are connected by duct-
ing (not shown) to the outlet chamber 29%a and are sit-
uated at 180° toit. Chambers 27b and 28b are connected
by ducting (not shown) to the inlet chamber 255 and are
situated at 180° toit. ,

Owing to the stated dimensional relationship between
the pressure.reaction rotors 27 and 28 and the vane-bear-
ing rotor 26, the sum of the cross-sectional areas.-of the
rotors 27 and 28 is equal to the cross-sectional area of
the rotor 26. As the chambers 27a and 28a are at -180°
to.the outlet chamber 294 and are hydraulically con-
nected to it; any hydraulic pressure developed in the out-
put chamber 29a is balanced by the hydraulic pressures
in the chambers 274 and 28q thus tending to-eliminate
bearing. loading due to internal hydraulic ‘pressure.

When the rotor 26 is rotated fluid. is displaced between
it and the adjustable stator 29 ‘and by reason of this dis-
placement fluid enters through the inlet port 364 and is
expelled through the outlet port 30¢.  The volume of
fluid displaced can be varied from zero to maximum by
adjusting the position of the adjustable stator 29 be-
twéen the position of concentricity with the shaft axis and
the position of maximum eccentricity with the shaft axis.

When the pump is adjusted for full fiow, the ‘eccen-
tricity of the adjustable §tator 29 is at its maximum.
There is then a gap between the adjustable stator-and the
outer member. Small diameter holeés 29f and 29g con-

_ mect 'this gap: to the outlet chamber 29a and the inlet

65

chamber '29b thus creating a.fluid préssire. at. this side
of the .adjustable stator 29 which holds it in-the full flow

“position. 'On the opposite side -of the outer member

30 are an ‘adjusting scréew 38 and an-adjusting ot 39

70.

“"the'rotors 27; 28. This arrangement of-the -rotors- and

their stators forms sealing surfaces between the respective

; - fluid chambers” without : the

[u _ necessity: for separating: or
- ~parfitioning plates. . - - - : L

15

“which’ are retainéd  in position -by ‘a. retaining plate 40.

By -rotating “the adjusting nut the ~ddjusting -screw can

-be moved inwards against the adjustable stator. 29, for¢-

- ing it'to move towards the concentri¢ positiofl. *: -
"1t will- be understood- by those: sKilled in“the: art that .
_although I have. described
Iation- to pumps it is- applicable ‘to ‘the construction of
‘hydraulic motors. Further. many constru¢tiondl. defails

‘the inverifion in ‘detail in re-
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may be modified within the scope of the invention; for
instance means other than described may be provided for
adjusting the eccentricity of the centre stator.

I claim:

1. A pump or motor comprising end housings; a shaft
journalled for rotation in said end housings; three rotors
arranged side-by-side with their adjacent surfaces in seal-
ing contact, mounted on and rotatable with said shaft;
three bored stators each surrcunding one of said rotors
to form part annular fluid spaces of equal angular length
therewith, at least the bore of the center stator being
eccentric to the axis of said shaft; a plurality of vanes
equally spaced and slidable in radial grooves formed
in at least the cemter rotor to provide with its stator a
series of fiuid displacement chambers; fluid inlet and out-
let chambers of equal angular length on cpposite sides
of the plane of eccentricity of at least the center stator
bore, lands of equal angular length situated on the cir-
cumference of the stator bore separating said inlet and
outlet chambers, each land having an angular length at
least equal to the angular distance between adjacent rotor
vanes; ducting connecting the part annular fluid space
on each side of the plane of eccentricity of the center
stator to the part annular fluid spaces contained by the
end rotors and their stators on the opposite side of said
plane; the diameter of the center rotor differing from
that of the two end rotors in sealing contact with it,
thereby affording sealing surfaces between the respective
part annular fluid spaces contained by the three rotors
and stators without partitioning members between the
rotors, and the product of the diameter and the axial
width of each of the end rotors being substantially equal
to half the product of the diameter and the axial width
of the center rotor thereby insuring that the area under
radial hydraulic pressure of the center rotor is approxi-
mately equal and opposite to the sum of the areas under
hydraulic radial pressure of the two end rotors.

2. A pump or motor as set forth in claim 1, including
means for varying at will the eccentricity of the bore of
the centre stator.

3. A pump or motor comprising end housings; a shaft
journalled for rotation in said end housings; three rotors
arranged, side-by-side, with their adjacent surfaces in
sealing contact, mounted on said shaft and rotatable with
said shaft; three bored stators each surrounding one of
said rotors to form part annular fluid spaces of approxi-
mately equal angular length therewith, the bores of the
stators being eccentric to the axis of said shaft; the
eccentricities of the end stators being equal to one another
and fixed on coincidental radii on the same plane of ec-
centricity as the central stator; a plurality of vanes equally
spaced and slidable in radial grooves formed in each of
said rotors to provide a series of displacement chambers
with the bores of their stators; fluid inlet and outlet
chambers of equal angular length on opposite sides of
the plane of eccentricity of each stator bore, lands situ-
ated on the circumference of each stator bore separating
said inlet and outlet chambers of each stator, each land
having an anmgular length at least equal to the angular
distance between adjacent rotor vanes, ducting connect-
ing the part annular fluid space on each side of the plane
of eccentricity of the center stator to the part annular
fluid spaces contained by the end rotors and their stators
on the opposite side of said plane; the dizmeter of the
center rotor differing from that of the two end rotors
in sealing contact with it, thereby affording sealing sur-
faces between the respective part annular fluid spaces
contained by the three rotors and their stators without
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partitioning members between the rotors, and the prod-
uct of the diameter and the axia] width of each end rotor
being substantially equal to half the product of the diam-
eter and the axial width of the center rotor thereby en-
suring that the area under radial hydraulic pressure of
the center rotor is approximately equal and opposite to
the sum of the areas under hydraulic radial pressure of
the two end rotors.

4. A pump or motor as set forth in claim 3, including
means for varying at will the eccentricity of the bore of
the center stator on the same plane as the fixed ec-
ceatricities of the end stators.

5. A pump or motor comprising end housings; a shaft
journalled for rotation in said end housings; three rotors
arranged side-by-side with their adjacent surfaces in
sealing contact, mounted on said shaft and rotatable with
said shaft; three bored stators each surrounding one of
said rotors to form part annular spaces of equal angular
length therewith, the bore of the center stator being ec-
centric to the axis of said shaft and the bores of the end
stators being concentric to said axis; a plurality of vanes
equally spaced and slidable in radial grooves in the cen-
ter rotor to form with its stator a series of displacement
chambers; two abutments slidable in radial grooves
formed in the concentric bore of each end stator and
bearing on the pertaining rotor on approximately the
same plane as the plane of eccentricity of the center stator
bore with the shaft axis; fluid inlet and outlet chambers
of equal angular length on opposite sides of the plane of
eccentricity of the center stator bore, lands of equal an-
gular length situated on the circumference of the stator
bore separating said inlet and outlet chambers, the an-
gular length of each land being at least equal to the an-
gular distance between adjacent rotor vanes; ducting con-
necting the part annular fluid space on each side of the
plane of eccentricity of the center stator to the part an-
nular fluid spaces contained by the end rotors and their -
stators on the opposite side of said plane; the diameter
of the center rotor differing from that of the end rotors
in sealing contact with it, thereby affording sealing sur-
faces between the respective part annular fluid spaces
contained by the three rotors and stators without par-
titioning members between the rotors, and the product
of the diameter and the axial width of each of the end
rotors being substantially equal to half the product of
the diameter and the axial width of the center rotor
thereby ensuring that the area under radial hydraulic
pressure of the center rotor is approximately equal and
opposite to the sum of the areas under hydraulic radial
pressure of the two end rotors.

6. A pump or motor as set forth in claim 5, including
means for varying at will the eccentricity of the bore of
the centre stator.

References Cited in the file of this patent
UNITED STATES PATENTS

722,560 Buckingham ... ..____ Mar. 10, 1903
1,927,799 Mann . ___ Sept. 19, 1933
2,013,397 Balsiger o _____ Sept. 3, 1935
2,358,275 Hess oo Sept. 12, 1944
2,368,789 Tucker o ____ Feb. 6, 1945
2,513,446 Brown . __ July 4, 1950
2,754,762 Prendergast oo ____ July 17, 1956
2,885,960 Deschamps —— . __.___ May 12, 1959

FOREIGN PATENTS
743,088 Great Britain _ ... _____ Jan, 11, 1956
819,195 Germany oo —_____ Oct. 31, 1951



