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(54) Nutating element type rotary device

(57) The device has one or more nutating elements 28 and 30 mounted within a single chamber 18 of a
housing 12 on a common shaft 20 in a manner which is dynamically and pressure balanced. A divider plate
50 is fitted through slots formed on one side of each nutating element so that relative rotation between
the shaft and housing creates successive expanding and contracting volumes to draw fluid into the
chamber through inlet ports and to exhaust fluid through outlet ports 78 and 80. The ports are sized and
shaped to provide maximum and constant fluid flow. The nutating element may be formed of an
elastomeric material which permits unimpeded passage of solid objects that may be entrained in the fluid.
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SPECIFICATION
Nutating element type fluid device

This invention relates to nutating element type
fluid devices for use in applications such as
pumping fluids, as hydraulic motors, for com-
pressing gasses, or as a vacuum source and
the like.

Nutating element type fluid devices have
previously been provided for various applica-
tions. A typical application is a nutating disc
gas meter. Nutating disc designs have also
been previously suggested for use as hydraulic
pumps and motors, but these designs have a
number of disadvantages and limitations. For
example, previous designs for nutating disc
type pumps and motors have not been
capable of providing large flow rates in rela-
tion to their size, and their input/output power
ratings have therefore also been relatively low.
The previous designs in general create fluid
sealing problems, operate with dynamic and
pressure imbalance, cannot effectively pass
solid objects entrained in the fluids, and the
discs undergo extreme angular acceleration
loads during their nutating movement.

In one aspect the invention provides a nu-
tating element type fluid device for use as a
pump, motor, gas compressor or vacuum
source comprising the combination of a hous-
ing having an outer wall with an interior spher-
ical surface which partially defines a chamber,
a shaft extending through the chamber along a
central axis, means mounting the shaft and
housing for relative rotation about the central
axis, a pair of nutating elements each of
which is formed with an outer peripheral edge
shaped in conformance with the spherical sur-
face of the housing wall for sliding movement
therewith, means r mounting the nutating ele-
ments for relative rotation with respect to the
shaft about respective axes which intersect
the center of the chamber and which extend
in opposite directions at acute angles from the
central axes with the elements abutting along
common sides to form a fluid seal along a
rolling line of contact, a divider plate carried
by the housing and extending through the
chamber along one side of the shaft, means
forming slots radially through one side of each
element with the divider plate slidably fitted
through the slots, an inlet port for directing
fluid into the chamber on one side of the di-
vider and an outlet port for exhausting fluid
from the chamber on the opposite side of the
divider with the relative rotation between the
shaft and housing causing nutating movement
of the elements to produce alternate expand-
ing and contracting volumes within the cham-
ber.

in another aspect the invention provides a
nutating element type fluid device for use as a
fluid- pump or motor comprising the combina-
tion of a stator housing having an outer wall
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with an interior spherical surface which par-
tially defines a chamber, a shaft extending
through the chamber and mounted for rotation
about a central axis, the shaft including a ball
having a spherical surface concentric within
the chamber, stator cones positioned about
the shaft at opposite sides of the ball with the
apexes of the cones extending toward the
center of the chamber, a nutating disc having
an outer circular edge conforming with the
spherical surface of the housing, means
mounting the disc for rotation on the ball
about an axis which extends through the cen-
ter of the chamber and is inclined at an acute
angle with the central axis, the disc being
formed of an elastomeric material which resili-
ently deforms to pass solid objects contained
in the fluid and te accommodate slot width
requirements during the nutating movement, a
divider plate carried by the housing and ex-
tending radially into one side of the chamber
with the inner edge of the divider plate
shaped in conformance with the outer surface
of the ball, and means forming a slot through
one side of the disc with the divider plate
slidably fitted in the slot.

Embodiments of the invention will now be
described by way of example, reference being
made to the accompanying drawings, of
which:

Figure 1 is an axial section view of a fluid
device according to one embodiment of inven-
tion;

Figure 2 is a top plan view, partially broken
away, of the fluid device of Figure 1;

Figure 3 is a developmental view showing
the porting arrangement and positioning of the
edge of the nutating elements throughout
360° of travel; ,

Figure 4 is a developmental view similar to
Figure 3 showing the porting arrangement for
another embodiment of the invention; and

Figure 5 is an axial section view of another
embodiment of the invention.

In the drawings, Figures 1 to 3 illustrate a
nutating disc type fluid device 10 for use as
an hydraulic pump or motor employing a rela-
tively incompressible working fluid such as
water or oil, and including highly viscous
liquids such as molasses and the like. As ex-
plained below the invention also has applica-
tion with compressible fluids such as for com-
pressing gasses or in providing a vacuum.
source.

Fluid device 10 comprises a housing 12
having an outer wall 14 formed with an in-
terior spherical surface 16 which defines a
working chamber 18. A shaft 20 is mounted
in the chamber along a central axis 22 which
extends through the center of the sphere
forming the chamber. The shaft and housing
are mounted for relative rotation by means of
a pair of rolling bearings 24 and 25. The
housing 12 is stationary and functions as a
stator with the shaft rotating. Depending upon
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the particular requirements and specifications,
the shaft could be stationary with the housing
rotating about it, such as in the application of
the device as an hydraulic wheel motor. For
use as a fluid pump the rotating element,
either the shaft or housing, would be driven
from an external power source by a suitable
drive train, not shown. When utilized as an
hydraulic motor where the inlet fluid is pres-
surized, power would be taken from the rotat-
ing element, either the shaft or housing as the
case may be, by a suitable drive train.

A large ball 26 having a spherical surface

- centered within the chamber is carried on the

shaft 20. The ball can be formed integral with
the shaft or it can be a separate part keyed

" on the shaft. The ball carries a pair of nutating

elements 28 and 30 which function in the
manner of nutating discs. Bearing means com-
prising circular slots 32 and 34 are formed in
the ball to mount the nutating elements for
rotation about respective axes 36 and 38
which intersect at the center of the chamber
and which also define acute angles 6, shown
as 30°, with respect to the central axis of the
shaft. Each element is formed with a flat an-
nular base 40, 42 which rotates within a re-
spective bearing slot. The outer rim 44, 46 of
each element is in the shape of a conical sec-
tion, and the nutating elements are sized and
positioned so that on one side of the chamber
adjacent portions of the conical sections are in
rolling contact along a radial line 48 which is
in a plane perpendicular to the shaft. Thus, in
the position of the elements shown in Figure
1 the line of rolling contact is at the top of
the chamber. This line of rolling contact ro-
tates about the chamber in phase with and in
the direction of rotation of the shaft. The line
of rolling contact provides a common fluid
seal between the two nutating elements. This
eliminates the requirement of separate seals
along opposite sides of the nutating disc as in
previous pumps and meters of this type.

A crescent-shaped divider plate 50 is car-
ried by the housing and projects radially into
the chamber on one side of the shaft. The
inner edge 52 of the divider plate is circular
and is shaped to conform with the spherical
surface of ball 26 for relative rotation there-
with. The opposite radial edges 54 of the
plate are fixedly mounted in radially extending
shallow grooves 56 formed in the outer sur-
face of a pair of end cones 58 and 60 which
project into the chamber from opposite ends
of the housing. The inner conical surfaces of
the nutating elements touch the end cones
along rolling lines of contact which form fluid
seals. Aliernatively, the end cones could be
mounted on or formed as integral parts of the
shaft, and the end cones would turn in close
sealing, relative movement with the radial
edges of the divider plate.

Radial slots 62 and 64 (Figure 2) are formed
om common sides of the conical portions of
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the respective nutating elements 28 and 30
with the divider plate 50 fitted in the slots to
permit back-and-forth movement of each ele-
ment across one-half sector of the plate. The
opposite sides 66 and 68 of each half sector
of the divider plate are concave whereby the
opposing radial edges of each of the slots 62
and 64 form tangent seals at all positions of
the elements during their back-and-forth move-
ment to maintain a good fluid seal. The outer
peripheral edges 70 and 72 of the nutating
elements are formed with spherical surfaces
conforming with the interior spherical surface
16 of the housing to maintain a good fluid
seal throughout the nutating motion of the ele-
ments within the chamber.

A pair of inlet ports 74 and 76 and a pair
of outlet ports 78 and 80 are provided in the
housing wall on opposite sides of the divider
plate 50. In the developmental view of Figure
3 the direction of shaft rotation is from top to
bottom as shown by the arrow 81. The inlet
port 74 and the outlet port 78 direct the fluid
into and from the side of the chamber in
which the nutating element 28 operates, and
the opposite pair of inlet and outlet ports 76
and 80 direct fluid into and from the side of
the chamber in which the outer nutating ele-
ment 30 operates. The port areas are capable
of being sized to the full cross sectional area
of the fiuid flow through the two sides of the
chamber. As best shown in the developmental
view of Figure 3, each of the ports is sub-
stantially triangular in shape. One side 82 ex-
tends the full width of the half sector of the
divider plate across which the corresponding
nutating element traverses. Each of the re-
maining sides of the triangular ports extend
along the lines defined by the peripheral edge
of the nutating elements at the opposite limits
of travel across the chamber. That is to say,
for the inlet port 74 shown in Figure 3, the
inner edge 84 of the port extends along the
line occupied by the edge of element 28 when
the latter is at the far right of its position
relative to the divider plate 50, and this is the
position illustrated for the elements in Figure
1. The opposite edge 86 of the port extends
along the line occupied by the edge of the
element when moved to the opposite side of
the chamber, and this would be the poisition
where the side of the element is in contact
with the conical surface of the end cone 58 at
the left hand end of the chamber as viewed in
Figure 1. The ports provide automatic valving
of the flow due to movement of the nutating
elements across the port areas. This elimi-
nates the requirement for separate valve ele-
ments and also eliminates the requirement of
a valve drive arrangement.

The use and operation of the embodiment
of Figures 1 to 3 will be explained in relation
to an application where shaft 20 is driven for
pumping an incompressibel fluid. As the shaft
is powered and turned relative to the housing,
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the co-action of the nutating elements 28 and
30 with the rotating ball 26 and with the di-
vider plate 50, causes the elements to nutate
back-and-forth within chamber 18 while also
rotating within the slots 32 and 34 of the ball
about their respective axes. The nutating
movement of the elements creates successive
contracting and expanding volumes between
the conical sections 58 and 60 of the ele-
ments, the interior surface 16 of the housing
and the outer surface of the ball 26. Fluid is
drawn through inlet ports 74 and 76 into each
side of the chamber and is forced under pres-
sure by the nutating elements in a path
around the chamber for exhausting through
the outlet ports 78 and 80. The outlet ports
can be connected through suitable conduits,
not shown, with the desired end use applica-
tion such as a fluid motor or hydraulic actua-
tor.

The relatively large cross sectional areas of
the inlet and outlet ports achieves a relatively
large fluid flow at a constant flow velocity to
achieve a large power rating for the pump.
With the two nutating elements conjointly
moving in opposing relationship within a single
chamber, dynamic forces are in balance and
the relatively large fluid pressures on the ele-
ments are also in balance.

The provision of mounting opposing nutating
elements within a single chamber also permits
the included angle 6 to be one-half of the
included angle required for a single disk with
the same displacement. This smaller angle 6
results in low order angular acceleration forces
on the elements during their nutating move-
ments.

Figure 4 illustrates a developed view of a
fluid device 88 for use as a gas compressor.
In this embodiment the fluid device comprises
a housing 90 defining-a chamber 92 into
which a pair of nutating elements 94 and 96
are carried on a rotating shaft, not shown,
similar in construction and assembly to the
embodiment of Figures 1 to 3. A pair of full
size inlet ports 98 and 100 are provided on
one side of a divider plate 102 in a manner
similar to the embodiment of Figures 1 to 3.
In place of full size outlet ports, the fluid out-
let means comprises a plurality of one way
check valves 104, 106 and 108 mounted in
the housing and communicating with the
chamber on a common side of the divider
plate. One of the check valves 104 is posi-
tioned on a side of the center of the divider
plate at approximately the position where the
nutating elements are in rolling contact at their
inward extremity of travel, shown in Figure 1,
for discharging the gas that is compressed in
the contracting volume between the inner sur-
faces of the nutating elements. Additional
check valves 106 and 108 are mounted in the
housing at opposite ends of the divider plate
at the position occupied by the nutating ele-
ments at their opposite extremities of travel.
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Figure 5 shows a nutating disc type fluid
device 110 for use with fluids that may con-
tain solid objects such as sand or pebbles or
other debris. A shaft 112 is mounted for rela-
tive rotation within a housing 114 of the type
described for the embodiment of Figures 1 to
3. A large ball 116 is formed on the shaft

- and is centered within the housing chamber
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118. A single nutating disc 120 is mounted
for rotation within a circular slot 122 formed
in the ball about an axis 124 intersecting the
center -of the chamber and inclining at an
acute angle | with the shaft. A divider plate
126 is carried by the housing and extends
radially into one side of the chamber with the
divider fitting into a slot formed through one
side of the disc. The opposite surface of the
divider plates preferably would be concave,
similar to the embodiment of Figures 1 to 3.

A pair of end cones 128 and 130 project
inwardly from opposite sides of the housing,
and the opposing surfaces of the disc are in
rolling contact at the interface with the sur-
faces of the cones to form fluid seals. Nutat-
ing disc 120 is formed of a suitable elastom-
eric material, such as hard rubber, having su-
fficient stiffness to generate the required fluid
pressure while at the same time providing re-
silient deformation so that the surface of the
disc can yield to permit solid objects entrained
by the fluid to pass through the interface be-
tween the disc and cone without damaging
these elements. This can occur when any of
the entrained solid objects are trapped be-
tween the disc and cone surfaces. The resili-
ency of the disc material permits its surface
to yield and roll over the hard object without
damage. As required, the end cones and/or
the central ball could be made of a similar
elastomeric material so that the cone and ball
surfaces also yield when any solid objects are
trapped at the roliing interface with the disc.
The particular hardness of the disc, end cones
and ball would depend on the end use appli-
cation. For example, typically a durometer
hardness in the range of 50 to 100 would be
suitable for an average fluid pumping pressure.
An added advantage in forming the disc ele-
ment of an elastomeric material is that it
yields to acceleration loads as well as slot
width requirements during the nutating move-
ment.

CLAIMS

1. A nutating element type fluid device for
use as a pump, motor, gas compressor or
vacuum source comprising the combination of
a housing having an outer wall with an interior
spherical surface which partially defines a
chamber, a shaft extending through the cham-
ber along a central axis, means mounting the
shaft and housing for relative rotation about
the central axis, a pair of nutating elements
each of which is formed with an outer periph-
eral edge shaped in conformance with the
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spherical surface of the housing wall for slid-
ing movement therewith, means r mounting
the nutating elements for relative rotation with
respect to the shaft about respective axes
which intersect the center of the chamber and
which extend in opposite directions at acute
angles from the central axes with the ele-
ments abutting along common sides to form a
fluid seal along a rolling line of contact, a
divider plate carried by the housing and ex-
tending through the chamber along one side
of the shaft, means forming slots radially
through one side of each element with the
divider plate slidably fitted through the slots,

an inlet port for directing fluid into the cham-

ber on one side of the divider and an outlet
port for exhausting fluid from the chamber on
the opposite side of the divider with the rela-
tive rotation between the shaft and housing
causing nutating movement of the elements to
produce alternate expanding and contracting
volumes within the chamber.

2. A fluid device as claimed in Claim 1, in
which the nutating elements comprise sections
of cones having their apexes at the center of
the chamber with the bases of the cones de-
fining the sides which abut to form the fluid
seal along the rolling line of contact.

3. A fluid device as claimed in Claim 1 or 2,
in which the shaft includes a ball centered
within the chamber with the means mounting
the nutating elements for relative rotation in-
cluding circular slots formed in the ball con-
centric with the intersecting axes of the ele-
ments and with each element including an an-
nular base mounted for relative rotation within
a respective circular slot.

4., A fiuid device as claimed in Claim 1, 2 or
3, in which at least the inlet port comprises
means forming triangular-shaped port openings
through the housing on a common: side of the
divider plate with each opening having a base
side which extends along the divider plate
substantially the full distance travelled by the
associated nutating element and with each of
the remaining sides of such triangular opening
extending along substantially the position oc-
cupied by the peripheral edge of the element
at its extreme opposite position of travel
within the chamber whereby a maximum port
area is provided in relation to the volume of
fluid moving through the chamber.

5. A fluid device as claimed in any preced-
ing claim for use as a gas compressor, in
which the outlet port comprises a one-way-
valve for directing compressed gas out of the
housing from the volume-of the chamber on
the side of the divider plate which is opposite
the inlet port.

6. A fluid device as claimed in Claim 5, in

which the one-way valve includes at least one

check valve in the housing at a location where
the peripheral edges of opposing elements
contact each other, together with additional
check valves mounted at opposite sides of the
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chamber at locations where peripheral edges
of the nutating elemetns are at their maximum
distance apart.

7. A fluid device as claimed in any pre-
ceidng claim, in which the nutating elements
are formed of an. elastomeric material which
resiliently deforms to permit passage through
the chamber of solid objects contained in the
fluids.

8. A fluid device as claimed in any preced-
ing claim, in which the housing is stationary
and the shaft is mounted for rotation within
the housing about the central axes.

9. A fluid device as claimed in any preced-
ing claim, in which opposite sides of the di-
vider plate are concave whereby the edges of
the slots form tangent seals with the divider
plate sides at all positions of the elements.

10. A nutating element type fluid device for
use as a fluid pump or motor comprising the
combination of a stator housing having an
outer wall with an interior spherical surface
which partially defines a chamber, a shaft ex-
tending through the chamber and mounted for
rotation about a central axis, the shaft includ-
ing a ball having a spherical surface concentric
within the chamber, stator cones positioned
about the shaft at opposite sides of the ball
with the apexes of the cones extending to-
ward the center of the chamber, a nutating
disc having an outer circular edge conforming
with the spherical surface of the housing,
means mounting the disc for rotation on the
ball about an axis which extends through the
center of the chamber and is inclined at an
acute angle with the central axis, the disc be-
ing formed of an elastomeric material which
resiliently deforms to pass solid objects con-
tained in the fluid and to accommodate slot
width requirements during the nutating move-
ment, a divider plate carried by the housing
and extending radially into one side of the
chamber with the inner edge of the divider
plate shaped in conformance with the outer
surface of the ball, and means forming a slot
through one side of the disc with the divider
plate slidably fitted in the slot.

11. A fluid device as claimed in Claim 10,
in which the stator cones are formed of an
elastomeric material which resiliently deforms
to pass foreign objects contained in the fluid.

12. A fluid device as claimed in Claim 10 or
11, in which the ball is formed of an elastom-
eric material which resiliently deforms to pass
foreign objects contained in the fiuid.

13. A fluid device as claimed in Claim 10,
11 or 12, in which the opposite sides of the
divider plate are concave whereby the edges
of the disc slot form tangent seals with the
divider plate sides at all positions of the disc.

14. A nutating element type fluid device
substantially as herein described with refer-
ence to and as shown in the accompanying
drawings.
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