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ABSTRACT OF THE DISCLOSURE

The invention is an internal combustion engine or
pump with a casing having sinuous walls and a piston
with sealing ridges movable within the casing, the shape
of the casing and of the piston cooperating with gearing
to impart to the piston a combined rotating and nutating
motion, the connection between the piston and a drive
shaft being effected through an off-set bearing arrange-
ment.

This invention relates to a power device, the basic
structure of which may, as in the case of most devices of
this type, be embodied as an internal combustion engine,
a compressor and air motor, a hydraulic pump or a hy-
draulic motor.

Power devices including a piston reciprocating in a
cylinder have, of course, been known for a long time.
More recently, various devices have been proposed in
which the piston performs a rotary motion within a
chamber, the peripheral walls of which form expansion
chambers in cooperation with the piston.

An even more recent development is the use of a piston
which performs a nutating motion within a chamber.

The present invention seeks to achieve both the high
displacement per revolution characteristics of rotary
power devices and the favorable balance characteristics
of nutating type power devices by a combination of the
two principles, namely, by the provision of a piston
which performs a combined rotating and nutating mo-
tion. This motion is similar to that of a coin spun on a
flat surface, shortly before it comes to rest.

Preferred embodiments of the invention are illus-
trated by way of example in the accompanying drawings
in which:

FIGURE 1 is a side elevation of an internal combus-
tion engine according to the present invention;

FIGURE 2 is a front elevation of the engine;

FIGURE 3 is a side view of the piston;

FIGURE 4 is a front view of the piston;

FIGURE 5 is a section along line 5—5 of FIG-
URE 2;

FIGURE 6 is a partial section along line 6—6 of FIG-
URE 2 on an enlarged scale;

FIGURE 7 is a still further enlarged section on the
same plane as FIGURE 6 showing a detail, with the
drive shaft of the engine removed;

FIGURE 8 is a front view of the piston according to
another embodiment of the invention;

FIGURE 9 is a partial front view of the engine ac-
cording to the embodiment of FIGURE 8;

FIGURE 10 is a partial longitudinal section of an
engine according to still another embodiment of the in-
vention;

FIGURE 11 is a perspective view showing a detail of
FIGURE 9;

FIGURES 12, 13, 14 and 15 are schematic views of
the engine according to the embodiment of FIGURES
1-7 showing various stages in the engine cycle; FIGURE
12 being a side view, FIGURES 13 and 14 top views and
FIGURE 15 a bottom view;

FIGURE 16 is a partial side elevation of an engine
according to a further embodiment;
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FIGURE 17 is a schematic side view of the engine
according to a still further embodiment; and

FIGURE 18 is a side view of a piston common to
the embodiments of FIGURES 16 and 17.

Referring to FIGURES 1 to 5, the internal combustion
engine according to the invention comprises a casing 1
formed by two sections 2 and 3 held together by bolts
4 and mounted on a base 5.

The internal periphery of the casing, as defined by the
two assembled sections 2 and 3, is spherical. Each of the
sections 2 and 3 provides an inside wall 6, 7 respectively,
which is of sinuous configuration and includes rounded
recesses 8§ alternating with rounded projections 9. In the
embodiment of FIGURES 1 to 7 and 12 to 15, each
inside wall of the casing 1 has two such recesses 8 and
two such projections 9.

A piston 19 is mounted inside the casing to form, in
cooperation therewith, the expansion chambers required
by the engine. The piston 16 has a spherical periphery
11 matching the spherical inside periphery of the casing
1. The piston 10 further comprises two faces 12 and 13
on opposite sides thereof, each face having a plurality
of sealing ridges 14 alternating with rounded cavities
15. The faces 12 and 13 of the piston cooperate respec-
tively with the inside walls 6 and 7 of the casing 1.

In the first embodiment, each face 12 and 13 of the
piston 10 has three ridges 14 and three cavities 15. The
cavities 15 must be of sufficient depth to clear the pro-
jections 9 as the piston 10 moves within the casing 1.

As best seen in FIGURE 3, the ridges 14 of one face
are aligned with the cavities 15 of the opposite face while
in the casing, the projections 9 of one inside casing
wall 6 face the projections 9 of the opposite inside cas-
ing wall 7 and similarly the recesses 8 of one casing
wall 6 face the corresponding recesses of the opposite
casing wall 7.

The piston 10 comprises a central partial hollow
sphere 16 concentric with its spherical periphery 11
which is journalled in a spherical central bearing cavity
17 formed by the two sections 2 and 3 of the casing 1.
The central bearing cavity 17 is concentric with the
inside spherical periphery of the casing 1.

A drive shaft 18 is journalled in the casing on ball
bearings 19 secured to each section 2 and 3. The shaft
18 traverses the spherical bearing cavity 17 and the
sphere 16 and projects outside the casing 1 on either side
thereof.

The shaft 18 has mounted thereon inside the bearing
cavity 17 on opposite sides a pair of off-set frusto conical
members 20 and 21 supporting the inner races 22 and
23 of tapered roller bearings 24 and 25, the outer races
26 and 27 of which are attached to the central sphere
16 of the piston 10.

The bearings 24 and 25 are coaxial and have their
apices at the center point common to the casing 1 and
to the piston 10.

A pair of stationary gears 28, 29 are affixed by means
of screws 30 to the casing sections 2 and 3 respectively
within the bearing cavity 17 on opposite sides thereof.
The stationary gears 28 and 29 are coaxial with the drive
shaft 18 which extends through them.

A pair of ring gears 31 and 32 is formed within the
periphery of the central sphere 16 of the piston. The
ring gears 31 and 32 are disposed on opposite sides of
the sphere 16 and are coaxial with the piston 10.

The ring gears 31 and 32 mesh respectively with the
stationary gears 28 and 29 and perform thereon a com-
bined nutating and planetary motion.

The ridges 14 of the piston 10 are provided with seal
bars (not shown) as commonly used in rotary engines,
which continuously engage the walls 6 and 7 of the
inside of the casing.



3,492,974

3

A fuel mixture intake port 33 and an exhaust port 34
are provided for each section 2 and 3 of the casing 1
opening into the interior of the casing through the side
walls thereof. Two spark plugs 35 are similarly pro-
vided, one on each side of the casing 1. The spark plugs
35 are located at the crest of facing projections 9 of
the inside walls 6 and 7 of the casing while the intake
and exhaust ports 33 and 34 are on cither side of the
other facing projections 9, the intake port leading the
exhaust port in the direction of rotation of the piston 10.

In operation, the ring gears 31 and 32, due to their
nutating planetary motion, impart to the piston 10 a ro-
tating and nutating motion which is identical to the
motion which the piston 18 is forced to follow due to
the shape of the inside casing walls 6 and 7. The design
of the gears 28-31 and 29-32 will, of course, be cor-
related with the design of the casing walls 6 and 7 in
such a way that the locus of the sealing ridges i4 of
the piston 10 as determined by the gears, will coincide
with the sinuous configuration of the corresponding in-
side casing walls 6 and 7.

As can be seen in FIGURES 12 to 14, the piston 10 in
its movement within the casing 1 cooperates with the
casing to form chambers which alternately expand and
contract. By the aforementioned positioning the intake
and exhaust ports 33 and 34 and the spark plugs 35,
the expansion chambers can be filled with fuel mixture
while they are expanding, can be closed off during the
subsequent contraction to provide compression of the
fuel mixture, the compressed mixture can then be fired
by the spark plugs to provide a combustion stage during
the next expansion and the spent gases can then be ex-
hausted during the next contraction so as to provide the
known four-stage cycle.

Alternatively, the inlet and outlet ports and the spark
plugs may be arranged (in an obvious manner not illus-
trated herein) so as to provide a two-cycle operation,
namely, intake and compression during one chamber con-
traction and the combustion and exhaust during the subse-
quent chamber expansion.

Some of the stages of the engine cycle are shown in
FIGURES 12 to 15. The arrows in the figures indicate the
direction of rotation of the piston 10.

It will be recalled that FIGURE 12 is a side view,
FIGURES 13 and 14 are top views and FIGURE 15 is a
bottom view.

The chambers are designated sequentially around the
piston 10 on either side thereof by references A to F
which indicate the same chambers in the four figures in
relation to the cavities 15 of the piston 10, ~

In FIGURE 12, chamber A is past the end of the ex-

haust stage and at the beginning of the intake stage,
chamber B is part-way through the intake stage while
chamber F is part-way through the exhaust stage,
) In FIGURE 13, the sealing ridge 14 of chamber A is
just moving past the intake port 33 and the chamber A is
tl}erefore at the end of the intake stage and at the be-
ginning of the compression stage. Chamber B is part-way
through the compression stage while chamber F is part-
way through the intake stage. Chamber E is near the end
of the exhaust stage and at the beginning of the intake
stage, these two stages overlapping slightly. Chamber C
1s part-way through the combustion stage.

In FIGURE 14, the chamber A has now reached the
end of the compression stage and the beginning of the
combustion stage. Chamber F is part-way through the
compression stage. Chamber D is past the end of the
exhaust stage and at the beginning of the intake stage.
Chamber E is part-way through the intake stage.

In FIGURE 15, chamber A is at the end of the com-
bustion stage and at the beginning of the exhaust stage.
Chamber B is part-way through the exhaust stage. Cham-
ber F is part-way through the combustion stage and
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chamber E is at the end of the intake stage and at the be-
ginning of the compression stage.

The nutating component of the motion of the piston
10 is applied through bearings 24 and 25 to the shaft 18
which, therefore, in the present embodiment, will turn
through 360° while the piston 10 turns through 120°.

The number of cavities on one face of the piston 10
will preferably exceed by 1 the number of recesses of
one casing inside wall. The engine, however, is not limited
to having three cavities on one piston face and two re-
cesses on the adjacent wall. Thus, for example, in the
embodiment of FIGURES 8 and 9, each face of the
piston 10’ has five cavities 15" alternating with five sealing
ridges 14’ while each wall on the inside of the casing 11s
has four recesses 8" and four projections 9’. In this em-
bodiment, the piston will rotate through 72° for each
full revolution of the shaft 18’.

The number of intake and exhaust ports 33’ and 34’
and of spark plugs 35’ is doubled. A spark plug 35’ is
located at the crest of each alternate projection 9’ and
the intake and exhaust ports 33" and 34’ are located part-
way down the sides of the alternate projections 9’ on
either side thereof, the intake port 33’ leading the ex-
haust port 34’ in the direction of rotation of the piston 10,

This arrangement of intake and exhaust ports and
spark plugs which is the same as in FIGURE 1, will apply
to internal combustion engines having any chosen num-
ber of cavities on one piston face greater by one than
the number of projections on one casing wall.

FIGURES 17 and 18 show an inverted arrangement
with respect to the first embodiment. In this case, the
ridges 14" of the two faces 12’ and 13" of the piston 10"
are aligned with each other while in the casing, each pro-
jection 9" of one casing wall 6§ or 7 faces a recess 8
on the opposite casing wall 7 or 6. The phasing of the
cycles of the various chambers will therefore be different
in this embodiment, but the operation is otherwise es-
sentially the same and need not be detailed herein. In the
embodiment of FIGURES 17 and 18, the piston 10" has
on each face thereof seven sealing ridges 14”’ and seven
cavities 15" while the corresponding casing wall has
six projections 9’ and six recesses 8.

It will have been noted that in each of the three em-
bodiments so far described, the number of recesses and
the number of projections of each casing wall is an even
number. This is necessary for the four-stage cycle to
provide the required alternation of spark plugs and intake
and exhaust ports on the consecutive projections 9, 9’ or
9", In two-cycle engines, however, or for other applica-
tions such as pumps, an odd number of recesses and

corresponding projections may come under considera-
tion.

In the embodiments so far described, all the surfaces
of the piston faces such as 12 and 13 and of the casing
walls such as 6 and 7 lie on radii of the spheres de-
fining the peripheries of the piston and of the inside of
the casing. This geometrical relationship, however, is not
essential. A deviation therefrom is illustrated in the em-
bodiment of FIGURES 10 and 11 wherein the surfaces
of the casing 1« and piston 10z as indicated by references
6a, 7a, 12a and 13a, are not disposed along the radii
of the spherical peripheries thereof. The only essential
limitation is that the casing walls 64 and 7a must, as
above described, be shaped to coincide with the loci of
the piston ridges as determined by the gears 31a and 324
meshing respectively with the stationary gears 28a
and 29a.

The embodiment of FIGURES 10 and 11 illustrates an
alternative arrangement of the connection between the
piston 10 and the shaft 184. In this embodiment, the
piston 10¢ is journalled between the internal spherical
periphery of the casing 1s and the external spherical
periphery of the stationary gears 282 and 294. Suitable
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sealing strips 36 are provided on the journal faces of
the piston 10q.

The shaft 18a has at the center a ball 37 concentric
with the casing 1a. The ball 37 carries an off-set circular
plate 38 intersecting the center thereof and extending into
an annular channel 39 of the niston 10a which, for this
purpose, is made in two sections as shown, The channel
39 and the plate 38 have, on the contiguous side portions
thereof on both sides of the plate 38, grooves 4¢ in which
bearing balls 41 are mounted.

As in the first embodiment, the nutating component of
the motion of piston 104 is applied to the off-set bearing
constituted, in this case, by the disc 38 so as to rotate the
shaft 18a.

Two or more pistons may be coupled in series on the
same shaft. The intermediate sections 42 of the casing
are illustrated in FIGURE 16. Suitably coordinated end
sections (not shown) will of course be provided.

When the power device is used as a pump or the like
the spark plugs will be omitted and the ports (such as
33 and 34) will be used as fluid inlets and outlets. These
and other required modifications are comsidered to be
matters of skill.

It will be understood that various modifications of the
aforedescribed embodiments may be made within the scope
of the invention. For instance, the spark plugs 35 (FIG.
1) could be provided on the spherical portion of the
periphery adjacent their presently shown location. Also,
the sealing ridges 14 could be curved or other than
straight, as shown. For ease in assembly, piston 10 could
be made of two parts. Finally, the central sphere could
be made with a cylindrical bore inclined relative to shaft
18 and the latter provided with a cylindrical member like-
wise inclined relative to the shaft axis to rotate in said
bore.

I claim:

1. A power device comprising:

(a) a casing having a spherical inside periphery and
opposite inside walls of sinuous configuration form-
ing a series of alternating recesses and projections
evenly distributed thereon;

(b) a piston in said casing having a spherical periphery
matching that of the casing and opposite faces having
a series of sealing ridges alternating with cavities so
as to form with the inside walls of said casing a
plurality of expansion chambers;

(c) gearing means within said casing for imparting to
said piston a rotating and nutating motion causing
the sealing ridges of said piston to follow the sinuous
configuration of the inside walls of said casing;

(d) a drive shaft journalled in said casing and coaxial
therewith; and

(c) means operatively connecting said piston to said
drive shaft,

2. A power device as defined in claim 1 wherein said
means for operatively connecting said piston to said drive
shaft comprises an off-set bearing mounted on said drive
shaft on an axis intersection the center point of said
casing, said piston being journalled on said bearing.

3. A power device as defined in claim 1, wherein said
means for operatively connecting said piston to said drive
shaft comprises off-set conical bearings mounted on said
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shaft on opposite sides of the center point of said casing,
said bearings being coaxial and having their apices at the
center point of said casing, said piston being journalled
on said bearings.

4. A power device as defined in claim 1, wherein said
means for operatively connecting said piston to said drive
shaft comprises an off-set circular bearing plate mounted
on said drive shaft and intersecting the center point of
said casing, said piston being journalled on said bearing
plate.

5. A power device as defined in claim 1, wherein said
casing further comprises a spherical central bearing cavity
and wherein said gearing means comprise:

(a) a pair of stationary gears affixed to said casing
within said bearing cavity on opposite sides thereof
and coaxial with said casing;

(b) a pair of ring gears on said piston coaxial with
said piston, meshing with said stationary gears and
performing thereon nutating planetary motion, there-
by imparting to said piston a rotating and nutating
motion and causing the locus of said piston ridges to
coincide with the sinuous configuration of the cor-
responding inside casing walls.

6. A power device as defied in claim 1, further

comprising:

(a) an intake port and an exhaust port disposed along
the sides of each alternate projection of said casing
walls, said intake port leading said exhaust port in
the direction of rotation of said piston; and

(b) spark plugs at the crest of each other alternate
projection of said casing wall.

7. A power device according to claim 1, wherein the
recesses of one casing wall face the recesses of the opposite
casing wall and the ridges of one piston face are aligned
with the cavities of the opposite piston face.

8. A power device according to claim 1, wherein the
projections of one casing wall face the recesses of the
opposite casing wall and the ridges of one piston face
are aligned with the ridges of the opposite piston face.

9. A power device according to claim 1, wherein said
piston has on each face thereof a number of ridges greater
by one than the number of projections on each casing
wall.

310. A power device according to claim 2, wherein said
bearing is conical and has its apex at the center point of
said casing.
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