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[57] ABSTRACT

Fluid-handling machines having toroidal chambers and
one or more rotating pistons, the chambers being di-
vided into compartments by one or more rotating disc
abutments provided with notches for passage of the pis-
tons. Multiple chambers may employ common abut-
ments, and plural abutments may be employed with
one or more chambers. Matched chamber, piston, and
abutment contours provide high-pressure fluid seals.
Central distributor tubes are employed, which may be
shifted axially to reverse the direction of rotation of the
pistons, and the distributor tube may have a central
compression/combustion niche adapted to communi-
cate with the toroidal chamber.

21 Claims, 9 Drawing Figures
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ROTATING-PISTON TOROIDAL MACHINE WITH
ROTATING-DISC ARUTMENT

BACKGROUND OF THE INVENTION

This invention relates to rotating-piston fluid-
handling machines suitable for energy converting de-
vices, such as steam engines, hot air engines, internal
combustion engines, hydraulic motors, pumps, torque
converters, or compressors. More specifically, the in-
vention is concerned with rotating piston machines of
the type having toroidal chambers and rotating disc
abutments.

Prior fluid-handling machines have employed pistons
rotating in an annular chamber and operating in con-
junction with disc abutments which project into the
chamber so as to divide it into compartments at oppo-
site sides of the rotating piston. The abutments are pro-
vided with peripheral notches which are rotated into
the chamber at the appropriate time to permit passage
of the rotating piston. The abutments may rotate about
an axis parallel to the axis of piston rotation, or they
may rotate about an axis transverse to the rotational
axis of the piston. A vexing probiem in this type of ma-
chine is the difficulty of providing high-pressure tight-
ness -between the rotating parts. Small and oddly-
shaped pistons and abutment notches are usunally em-
ployed to minimize the problem. The attainment of
high thermal and mechanical efficiency is not possible
in this type of machine.

DETAILED DESCRIPTION OF THE INVENTION

It is accordingly a principal object of the present in-
venticn to provide an improved fluid-handling machine
of the type employing a piston which rotates in an an-
nular chamber and employing a rotating disc abutment
for dividing the chamber into compartments.

Another object of the invention is to provide an im-
proved machine of the foregoing type which permits
high compression ratios and the consequent attainment
of high thermal and mechanical efficiencies.

Still another object of the invention is to provide an
improved intake and exhaust arrangement, with uni-
flow (non-reversing) streaming of the working fluid.

Another object of the invention is to provide an im-
proved arrangement for reversing the direction of rota-
tion of the pistons.

- A further object of the invention is to provide unique

muitiple-chamber and multiple-abutment machines.

- Yet another object of the invention is to provide a
multiple-abutment machine incorporating pressure-
maintaining compartments.

An additional object of the invention is to provide a
unique internal combustion machine with a central
compression/combustion niche.

Briefly stated, the machines of the present invention
employ a toroidal chamber defined by inner and outer
chamber members, the inner member having a piston
which rotates through the chamber and which has a
convex surface sweeping a concave surface of the outer
member. A disc abutment rotates through the chamber
about an axis transverse to the rotational axis of the pis-
ton and is provided with a notch for passage of the pis-
ton. Chambers may be provided at opposite sides of the
disc abutment, and a pair of disc abutments may be
provided at opposite sides of a single chamber. Disc
abutments rotatable about the same axis and spaced
apart along the axis may also be employed. Central dis-
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tributer tubes are provided and may be shifted axially
to reverse the direction of rotation of the pistons. The
central distributor tube may also be provided with a
compression/combustion niche in an internal combus-
tion engine version of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be further described in conjunc-
tion with the accompanying drawings, which illustrate
preferred and exemplary embodiments, similar or cor-
responding parts being designated by the same refer-
ence characters modified by lower case letters and/or
primes, and wherein:

FIG. 1 is a transverse sectional view illustrating a du-
al-chamber machine of the invention;

FIG. 2 is a longitudinal sectional view taken approxi-
mately along line 2—2 of FIG. 1;

FIG. 3 is a plan view of a distributor tube employed
in the invention;

FIG. 4 is a transverse sectional view of a dual-
chamber, dual-abutment embodiment of the invention;

FIG. § is a longitudinal sectional view taken approxi-
mately along line 5-—5 of FIG. 4;

FIG. 6 is a transverse sectional view of a single-
chamber, multiple-piston, dual-abutment embodiment
of the invention;

FIG. 7 is a longitudinal sectional view taken approxi-
mately along line 7—7 of FIG. 6;

FIG. 8 is a longitudinal sectional view taken approxi-
mately along line 8—8 of FIG. 6; and

FIG. 9 is a transverse sectional view taken approxi-
mately along line 9—9 of FIG. 7 and illustrating output
gearing.

DETAILED DESCRIPTION OF THE INVENTION

Referring to the drawings, and initially to FIGS. 1 and
2, a machine of the invention comprises one or more
toroidal stator chambers such as the chambers 10, 10°.
While the embodiment of FIGS. 1 and 2 employs a pair
of such chambers, it will be apparent that a single
chamber or more than two chambers may be em-
ployed. Since the apparatus of FIGS. 1 and 2 is a dual-
machine, a description of the left-hand portion will suf-
fice for both.

The toroidal chamber 10 is defined between an outer
member 12 and an inner member 14. As seen in- an
axial plane (FIG. 2), the outer member is inwardly con-
cave and the inner member is outwardly concave with
respect to the axis of the chamber. The cross-section of
the chamber shown is generally oval, although a circu-
lar cross-section may be employed, for example. The
inner member 14 is a rotor and has an outwardly pro-
jecting segmental piston 16 fixed thereto. The piston is
preferably of spherical-sectorial or ellipsoidal-sectorial
form and has a convex outer surface which mates with
and sweeps the concave surface of the outer chamber
member 12. Piston rings (such as 18’) are provided on
the surface of the piston to ensure fluid-tight contact
between the piston and the chamber wall. The outer
chamber member 12 is part of or fixed to a block or
frame 20 upon which the inner member 14 is supported
rotatably by means of journals 22 and 24 in bores 26
and 28, the rotor 14 being held against axial movement
by its rims 30 and 32.

A disc abutment 34 is fixed to a shaft 36 rotatably
supported upon the block 20 by means of bearings 38.
In the form shown in FIGS. 1 and 2, the disc abutment
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is generally bi-conical, with the cones joined at their
bases and the conical surfaces radial to the toreidal
axis. The abutment 34 extends into the toroidal cham-
ber 1§ through an appropriately shaped opening in the
chamber wall (which seals with the abutment surface)
and has an edge surface 40 shaped to conform to the
outer surface of the rotor 14 and provided with sealing
rings 42 for a fluid-tight sliding fit with the rotor. Thus
a pair of compartments is formed in the toroidal cham-
ber bounded by the abutment and the piston 16.

The disc abutment is provided with a peripheral
notch 44 having a helicoidal edge. The notch conforms
generally to the concave configuration of the chamber
member 12 and is large enough to allow passage of the
piston 16 at an appropriate time during rotation of the
piston in the chamber. The abutment 34 is driven syn-
chronously with the output shaft 46 of the machire by
a suitable gear train, one of the gears being shown at 48
in FIG. 1, so that the notch 44 arrives at the proper po-
sition to pass the piston 16 at the moment that the pis-
ton approaches the disc abutment, and then the cham-
ber is blocked again by the abutment. The speed of ro-
tation of the abutment may vary during its cycle to pro-
vide quick opening and closing of the toroidal cham-
ber. The pitch of the helicoidal notch edge will be de-
termined by the relative speeds of the piston and the
abutment. The rotor 14 is coupled to the output shaft
46 by means of gears 50 and 52. It will be observed that
the rotors of both parts of the dual-machine drive the
same output shaft.

A distributor tube 54 is provided centrally of the
rotor 14 and is coaxial with the rotor and the toroidal
chamber 10. The distributor tube has a transverse par-
tition 56 dividing the tube into an intake passage 58
and an exhaust passage 60. A peripheral port 62 is pro-
vided at one side of the partition 56 and a circumferen-
tial series of slits 64 is provided at the opposite side of
the partition. Ports 66 and 68 extend through the wall
of the rotor 14 at opposite sides of the base of the pis-
ton 16 and at one side of the partition 56, and similar
ports 79 and 72 are provided at opposite sides of the
piston 16 and at the other side of the partition 56. In-
take port 62 of the distributor tube 54 may be aligned
selectively with one of ports 66 and 68, and exhaust
slits 64 may be aligned selectively with one of ports 70
and 72, depending upon the axial position of the dis-
tributor tube, thereby to select the direction of rotation
of the rotor 14. The distributor tube may be shifted axi-
ally by means of cooperating external threads 74 at one
end of the distributor tube and internal threads of a
worm wheel 76 which surrounds that end of the distrib-
utor tube and is rotatable within a cup 78. A longitudi-
nal groove 80 of the distributor tube receives a pin (
not shown ) fixed to the inner surface of the cup 78 to
prevent rotation of the distributor tube. A worm gear
driven by a crank ( corresponding to elements 82’ and
84' ) extends through an opening in cup 78 to engage
the worm wheel 76 for adjusting the longitudinal posi-
tion of the distributor tube. )

FIGS. 4 and 5 illustrate an embodiment of the inven-
tion employing a pair of abutments 34a and 34a’. The
abutments are spaced apart axially of the shaft 36a and
are generally conical, but with the bases recessed and
the side walls tapered in cross-section as shown in FIG.
4. The abutments extend through appropriately shaped
openings in the toroidal chambers 104 and 10a’ and are
provided with appropriately contoured edge surfaces
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which mate with and sweep the surfaces of the rotors
in the manner previously described. The notches of the
abutments are staggered so that when one abutment
has its notch aligned with a toroidal chamber so as to
pase a piston, the other abutment blocks that chamber.
By virtue of the double abutment arrangement, an ad-
ditional compartment is provided in the toroidal cham-
ber, between the abutments, thus affording the possibil-
ity of controlling the pressure on both faces of the pis-
ton during its passage through the abutments and also
channeling the compressed fluid of one piston behind
the other one, and vice versa. The distributor tubes
may be adjusted axially, as described previously, but
the embodiment of FIG. 5 illustrates the use of gear
racks 74a and 74q’, driven by pinions ( not shown )
rather than the worm and worm wheel arrangement of
FIG. 2.

FIGS. 6 - 9 illustrate an embodiment of the invention
employing a pair of abutments 34b and 345’ of the type
utilized in FIG. 1, but in conjunction with a single toroi-
dal chamber 10b having a rotor 14b provided with a
pair of pistons 16b and 16b' projecting diametrically
outward from the rotor. The notches 44b and 445’
permit the passage of a piston at every half revolution
of the rotor, the helicoidal edges of the notches having
a pitch depending upon the speed of the pistons. The
abutment discs are rotated by their shafts 36b and 365’
which are coupled by eccentric gearing 50b — 52b and
50b' — 52b' to worm wheels 86 and 88 driven from a
worm gear 90 on the output shaft 46b. The eccentric
gearing provides quick opening and shutting of the
chamber 10b, so that the chamber will remain closed
most of the time.

For clockwise rotation of the pistons in FIG. 6, while
piston 16b is powered by fluid expanding in the com-
partment formed between its trailing face and abut-
ment 34b, exhaust gases from the previous stroke will
be pushed by the leading face of the piston out of the
exhaust port 92. Piston 165’ will draw in air between its
trailing face and abutment 34b’ through inlet port 94
and will compress air (previously drawn in by piston
16b ) between its leading face and abutment 34b, the
pistons interchanging their duty as they pass the abut-
ments. Thus, piston 165 draws in air between its trailing
face and abutment 34b’ after piston 16b passes inlet
port 94, and it compresses air between its leading face
and abutment 34b, the air having previously been
sucked into this space by piston 16b’.

Each piston has a port 96 or 98 through the wall of
the rotor adjacent to the leading face of the piston and
adapted to mate with a peripheral port 100 in a fixed
tube 102 and a similar port 104 in distributor tube 545
to permit air ahead of the leading face of the piston to
be compressed into a compression/combustion niche
106 located in the transverse partition of the distributor
tube. As soon as a piston passes through the notch of
abutment 34b and the chamber is blocked again by the
abutment, fuel or an explosive medium is injected into
the niche 106 by a fuel injector 108, and the exploding
gases expand out of the niche into the compartment be-
hind that piston through mating ports 110 and 112 in
tubes 545 and 102 and port 114 or 116 behind the pis-
ton. Compression ports 96 and 98 are off-set laterally
from firing ports 114 and 116 so that they cooperate
uniquely with the niche 106. Ignition occurs at every
half revolution. The central distributor tube 54b has an
inlet pipe 118 through which scavenging air is admitted
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from a suitable pressurized air supply. The air passes
through ports 120 and 122 in the central tubes 54b and
102 to one of the ports 124 and 126 through the rotor
at the trailing face of piston 16b or 165’ (ports 124 and
126 being spaced laterally from ports 116 and 114, re-
spectively). The scavenging air passes through port 124
or port 126 as the associated piston passes the abut-
ment 34b’, through the notch in abutment 34b’, and
out of exhaust port 92. If it is desired to reverse the ro-
tation, the distributor tube may be shifted axially as be-
fore , and it is necessary to provide additional ports. Ig-
nition timing may be controlled by a cam inside the dis-
tributor tube, gearing 128 being provided for this pur-
pose. _

While preferred embodiments of the invention have
been shown and described, it will be apparent to those
skilled in the art that changes can be made in these em-
bodiments without departing from the principles and
spirit of the invention, the scope of which is defined in
the appended claims.

The invention claimed is:

1. A rotary piston machine comprising inner and
outer - complementary members of arcuate cross-
section defining a toroidal chamber therebetween, the
inner member being rotatable about the axis of the
chamber and being substantially entirely outwardly
concave relative to the axis in axial planes, the outer
member being substantially entirely inwardly concave
relative to the axis in axial planes, the inner member
having a piston fixed thereto projecting into the toroi-
dal chamber with a convex surface mating with the
concave surface of the outer member and sweeping the
same, and a disc' abutment rotatable about an axis
transverse to the axis of said chamber and extending
into said chamber through an opening therein, said
abutment having an edge surface mating with the sur-
face of the inner member and sweeping the same, said
abutment having a helicoidal notch shaped to permit
said piston to pass through said notch as the notch is ro-
tated into said chamber.

2. A machine in accordance with claim 1, further
comprising a distributor tube extending through the
inner member of said chamber and divided by a trans-
verse partition, and means for providing communica-
tion between said tube and said chamber at opposite
sides of said partition and opposite sides of said piston.

3. A machine in accordance with claim 2, there being
a pair of means at each side of said partition for provid-
ing ‘communication between' said tube and opposite
sides of said piston, and means for rendering one of the
communication-providing means at each side ‘of the
partition operative selectively. - .

4, A machine in accordance with claim 3, said means
for rendering said communication-providing means op-
erative selectively comprising means for moving said
distributor tube longitudinally.

5. A machine in accordance with claim 2, further
comprising a compression/combustion niche centrally
of said chamber, and means for providing communica-
tion between said niche and said chamber at predeter-
mined times.

6. A machine in accordance with claim 1, said inner
member having a pair of pistons extending from oppo-

site sides thereof, there being a pair of said abutments
extending into said chamber from opposite sides
thereof.
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7. A machine in accordance with claim 1, further
comprising means for rotating said abutment at varying
speed for providing quick opening and shutting of the
chamber by the abutment.

8. A rotary piston machine comprising a first pair of
inner and outer complementary members defining a to-
roidal chamber therebetween, a second pair of inner
and outer complementary members defining a toroidal
chamber therebetween, each inner member being ro-
tatable about the axis of its chamber and having a pis-
ton fixed thereto projecting into its chamber with a sur-
face mating with the surface of the outer member and
sweeping the same, the chamber axes being spaced
apart and parallel, and a disc abutment rotatable about
an axis between and transverse to a plane containing
the axes of said chambers and extending into said
chambers through openings therein, said abutment
having an edge surface mating with the surfaces of the
inner members and sweeping the same and having a
notch to permit the pistons to pass therethrough when
the notch is rotated into the associated chambers.

9. A machine in accordance with claim 8, wherein
said outer members have entirely inwardly concave
cross sections facing the axes of the associated cham-
bers and said inner members have entirely outwardly
concave cross sections complementary to the cross:sec-
tions of said outer members.

10. A machine in accordance with claim 9, wherein
said cross sections are arcuate and said abutment notch
is helicoidal and is shaped to permit each piston to pass
therethrough as the notch is rotated into the associated
chamber.

11. A machine in accordance with claim 8, further
comprising means for coupling both of said inner memi-
bers to a common output shaft.

12. A rotary piston machine comprising inner and
outer complementary members defining a toroidal
chamber therebetween, the inner member being rotat-
able about the axis of the chamber and having a piston
fixed thereto projecting into the chamber with a sur-
face mating with the surface of the outer member and

-sweeping the same, and a pair of spaced disc abutments

rotatable about a common axis transverse to the axis of
said chamber and spaced from said chamber axis, said
abutments extending into said chamber through corre-
sponding openings therein, said abutments having edge
surfaces mating with the surface of the inner member
and sweeping the same, said abutments having notches
permitting said -piston to pass therethrough when. the
notches are in said chamber.

13. A machine in accordance with claim 12, said
inner ‘and outer members being of arcuate cross-
section, the outer member being entirely inwardly con-
cave relative to the axis of the chamber, the inner mem-
ber being entirely outwardly concave relative to the
axis of said chamber, and said notches being helicoidal
to permit sdid piston to pass therethrough.

14." A machine in accordance with claim 12, the

notches of said abutments being staggered, so that one
of the abutments blocks said chamber while the other
abutment permits the piston to pass.
. 15. A machine in accordance with claim 12, there
being a pair of said chambers having inner members
with pistons rotatable about parallel axes at opposite
sides of the axis of said abutments, with the abutments
extending into each of said chambers.
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16. A machine in accordance with claim 12, said
abutments being generally conical with their bases re-
cessed and facing each other.

17. A rotary piston machine comprising an annular
chamber having a rotatable inner member with a piston
projecting therefrom into the chamber, and a distribu-
tor tube extending axially of the chamber, said inner
member having a pair of ports at each side of the pis-
ton, said distributor tube having a pair of ports, one of
which is adapted to communicate selectively with one
of the ports at one side of said piston or one of the ports
at the opposite side of said piston and the other of
which is adapted to communicate selectively with the
remaining port at said one side of said piston or the re-
maining port at the opposite side of said piston, and
means for moving said tube axially for controlling the
port selection.

18. A rotary piston machine comprising an annular
chamber having a rotatable inner member with a piston
projecting therefrom into the chamber, and a distribu-
tor tube extending axially of the chamber and having a
transverse partition, said inner member having a pair of
ports at each side of said partition and at opposite sides
of said piston, said tube having an opening at each side
of said partition adapted to mate selectively with one
of the first-mentioned ports at the corresponding side
of the partition, and means for moving said tube axially
for controlling the port selection.

19. A rotary piston machine comprising an annular
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chamber having a rotatable inner member with a piston
projecting therefrom into the chamber, a compres-
sion/combustion niche located centrally of the cham-
ber, an abutment extending into said chamber and hav-
ing means for passing the piston through the abutment,
means for compressing gas between the leading face of
the piston and said abutment into said niche, means for
providing combustion in said niche, and means for re-
leasing the combustion gases from said niche between
the trailing face of said piston and said abutment, said
niche being located centrally in a cylindrical shaft
about which said inner member rotates and having a
cylindrical cross-section substantially coaxial with said
shaft.

20. A machine in accordance with claim 19, wherein
said shaft is hollow and has a coaxial tube therein, said
tube having a transverse partition in which said niche
is located.

21. A rotary piston machine comprising an annular
chamber having a rotatable inner member with a piston
projecting therefrom into the chamber, a tube about
which the member rotates extending axially of the
chamber, means for supplying scavenging air under
pressure to said tube, and means for providing commu-
nication between said tube and said chamber to release
the scavenging air into the chamber at predetermined

times.
*x * k  *x ¥




