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Rotary engine having controller and transfer gears.

@) A rotary engine has a first ring-shaped floor -

portion connected to an inner shaft for rotation there-
with and a second ring-shaped floor portion con-
nected to an outer shaft for rotation therewith. The
annular floor portions cooperate with an engine cas-
ing to define an annular chamber. A first pair of
diametrically aligned pistons are positioned within
the annular chamber and are connected to the first
ring-shaped floor portion while a second pair of
diametricaily aligned pistons are positioned within
the angular chamber and connected to the second
ring-shaped floor portion. The pistons cooperate to
define a plurality of combustion chambers. Means
are provided for causing combustion in the combus-
tion chambers for imparting rotary motion to the
Einner and outer shafts. A first power transfer gear

connected to the inner shaft transfers power to a
MNdrive shaft when the inner shaft is driven and a

'second power transfer gear connected to the outer

shaft transfers power to the drive shaft when the
O outer shaft is driven. Unique piston seals, a control-
mler for regulating the position of the pistons, and a

'Qnovel lubrication system are also disclosed.
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ROTARY ENGINE HAVING CONTROLLER AND TRANSFER GEARS

BACKGROUND OF THE INVENTION

The present invention is related generally to
internal combustion engines and, more specifically,
to rotary internal combustion engines.

Various types of internal combustion engines
exist today. The most commonly used internal
combustion engine for powering automobiles is the
familiar internal combustion gasoline engine having
a cylinder head in which pistons, carried on a
crankshaft. are reciprocated by explosion of a gas-
air mixture ignited by spark plugs. This type of
internal combustion engine uses cam operated
poppet vaives, push rods, and a flywheel, all gov-
erned by means of a relatively complicated timing
device. Lately, while such engines have enjoyed
great commercial success, their limitations are be-
coming more apparent in the face of stricter air
pollution laws and higher fuel economy demanded
by the purchasing public. Oftentimes, air pollution
emission standards and fuel economy are compet-
ing design criteria. In an effort to satisfy both
requirements, this type of engine has become
more complicated thus increasing production and
maintenance costs.

Another type of internal combustion engine
which has received widespread commercial accep-
tance is the diesel engine. This engine is generally
used for driving heavier equipment such as railway
engines, heavy trucks, and the like, but has lately
gained some acceptance as an automobile engine
because of its fuel economy. The diesel engine
operates on diesel fuel and generates power in a
crankshaft by means of reciprocating pistons. Pop-
pet valves, cams, push rods, etc., are governed by
means of timing devices. Unfortunately, the diesel
engine suffers from many of the same limitations
as the gasoline engine in addition to being difficult
to start in cold weather.

Another type of internal combustion engine,
known as a rotator type rotary engine, empioys
multiple rotors having simple rotary motion with a
equal number of pistons attached to each rotor.
Each roter is attached to a mechanism which per-
mits free-wheeling rotary motion and allows each
set of pistons to travel in a common toroidal cyl-
inder. Fuel intake, compression, combustion, and
exhaust occur simultaneously at different angular
positions of the toroidal chamber. The sequence of
events between the pistons attached to the first
rotor is repeated between the pistons attached to
the second rotor. However, the control of the rotary
motion of the rotors, and hence the pistons, has not
been perfected with the result of inconsistent com-
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bustion ratios, the inability to control the rpms of
the engine, and the overall inability to deliver power
at a constant rate.

Another type of rotary engine which has en-
joyed some commercial success is the Wankel
rotary engine. This engine uses a three-cornered
rotary element which is eccentrically mounted to a
drive shaft for travelling in a toroidal chamber. The
chamber has peripheral intake and exhaust ports
and is divided by the rotary element into three
smaller chambers, each of which being analogous
to a cylinder in the standard gasoline engine. To
increase the volume of each small chamber, seg-
ments of the rotor rim are recessed. During the
combustion expansion phase, unburned gas tends
to flow at high velocity away from the combustion
zone with the result that part of the charge is
unburned. This limits performance and increases
air pollution. In addition, poor fuel consumption,
together with a tendency of the seals between the
rotary element and the toroidal chamber to prema-
turely wear, have detracted from the mass produc-
tion of this engine on scales anywhere near those
of the common internal combustion gasoline en-
gine.

Yet another type of rotary engine, known as the
Tschudi rotary engine, utilizes pistons which travel
in a circular or an orbital path. intake, compression,
combustion and exhaust occur simultaneously at
different angular positions of the toroidal chamber.
Two rotors are employed with a set of two pistons
affixed 180° apart on each rotor. One rotor iravels
at a constant angular velocity while the movement
of the other rotor is controlled by a complex crank
and gear arrangement which enables the second
set of pistons to accelerate and decelerate so that
the volume of the combustion chamber between
the pistons can be varied. However, shock loads
associated with starting and stopping the rotors at
high speed can create problems in everyday use.
Also, there is no way to increase power output
except by increasing the diameter of the toroidal
chamber or adding a second torcidal chamber.
Either of these two options increases the weight to
power output ratioc beyond acceptable limit and
increases production costs.

Despite the problems associated with the var-
jous types of internal combustion rotary engines
discussed above, research and development con-
tinues in an effort to further improve this type of
invention. For example, in U.S. Patent No.
3,227,090 to Bartolozzi, a rotary engine has a
toroidal chamber, the floor of which is comprised of
two rings as best seen in Fig. 3 of the Bartolozzi
patent. The rings are capable of rotating in one
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direction. Each annular ring carries radially op-
posed pistons which are ultimately driven by the
combustion of an air-fuel mixture. By alternately
driving the pistons, the rings are aiso alternately
driven. A mechanism is provided for transmitting
the rotary motion of the rings to a central shaft.

In U.S. Patent No. 4,334,841 {o Barlow, a rotary
engine having a pair of coaxial and independently
rotatable shafts is shown. Each shaft carries a pair
of pistons. Correct control of the shafts, and hence
control of the pistons, is effected by connecting the
inner and outer shafts to a causal mechanism unit,
in part consisting of a cam and rhomboid mecha-
nism. The rhomboid mechanism consists of four
rollers connected by links to form a four-sided
geometric figure. Two of the links are connected to
the inner shaft while two of the links are connected
to the outer shaft. The rhomboid mechanism is
located within a cam, the surface of which is pre-
cisely described. By requiring the rhomboid
mechanism to travel along the cam surface, the
movement of the pistons can be controlled. This
mechanism is also used to couple power generated
by the engine fo an output shaft.

U.S. Patent No. 1,804,892 to Trube discloses a
rotary engine having two pairs of diametrically op-
posed pistons, each carried by a disc. The discs,
and hence the pistons, are connected to rollers
which are constrained to move along a camming
surface provided by a cam member. In this man-
ner, the movement of the pistons can be controlled.

U.S. Patent No. 2,736,328 to Mallinckrodt dis-
closes a rotary engine utilizing a combustion cham-
ber, the floor of which is comprised of two rela-
tively rotatable annular ring members, as in the
Bartolozzi patent, and a causal control mechanism
having a cam surface for controlling the relative
movement of the pistons as in the Barlow and
Trube patents.

Another example of a rotary engine is U.S.
Patent No. 2,147,290 to Gardner. This patent dis-
closes a rotary engine wherein a first set of pistons
is secured to a hub which is substantially one-half
the length of the pistons. A second set of pistons is
secured to a second hub, which is again substan-
tially one-half the length of the pistons. One-half of
the first set of pistons overhangs the second hub,
while one-half of the second set of pistons over-
hangs the first hub. A control means, shown gen-
erally in Fig. 3 of the Gardner patent, is eliptically-
shaped with the opposite end walls thereof being
substantially semi-circular, while the side walls are
parallel for a major portion of their length. This is
another example of a control means used to control
the motion of the pistons. A rectangular piston seal,
which is comprised of overlapping elements, two of
~which are L-shaped, lies in a continuous groove in
each of the pistons as best seen in Fig. 2 of the
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Gardner patent. Suitable springs are provided for
urging the sealing blade elements into yielding
engagement with the cylinder walls. In addition to
the rectangular compression seais carried by the
pistons, rings are preferably fitted into the circular
grooves in the end plates to prevent the escape of
combustion gases between the adjacent hub and
the end plate.

Despite substantial work by numerous in-
dividuals, rotary engines still suffer from substantial
problems which have prevented their mass produc-
tion and widespread use. For example, although
numerous mechanisms have been devised for
transferring the power developed by the rotary
engine to an output shaft, such power transfer
mechanisms have typically been complex and un-
reliable. Additionally, the movement of the pistons
within the chamber must be precisely controlled if
power is to be continuously and smoothly gen-
erated. The repiacement of worn piston seals is a
major task in a rotary engine because the piston
seals lie at the very heart of the engine. Replace-
ment of these seals is thus a very complicated and
expensive procedure which has contributed to the
cool reception in the marketplace of various types
of rotary engines. Additionally, lubrication of the
pistons is complicated by the fact that the pistons
are travelling in a circular orbit. Although lubrication
must be provided in order to enable the pistons to
move smoothly and eliminate unnecessary wear,
the lubricant must be removed from the inside of
that portion of the chamber in which combustion
takes place. Otherwise unacceptable emissions oc-
cur. Such lubrication systems have tended to be
complex, expensive and unreliable. Rotary engines
have also, in general, required numerous moving
parts which leads to higher production and main-
tenance costs.

SUMMARY OF THE PRESENT INVENTION

It is an object of the present invention to pro-
vide a rotary engine capable of efficiently develop-
ing high torque from a minimum number of com-
bustions.

It is another object of the present invention to
provide a simple arrangement of transfer gears for
smoothly coupling power generated by the internal
combustion engine to an output shaft, and for en-
abling simple regulation of the number of combus-
tions required to maintain a predetermined number
of revolutions per minute (rpm).

It is a further object of the present invention to
provide two pairs of pistons capable of indepen-
dent rotation and a control mechanism for precisely
controlling the position of the pistons, which control
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mechanism is not subject to high torque or shocks
which might damage the mechanism.

It is a further object of the present invention to
provide piston seals capable of expanding in the
direction of wear to thereby contain combustion
gases.

It is a further object of the present invention 1o
provide a simple lubrication system for providing
oil to and withdrawing oil from the pistons in a
simple and effective manner.

It is a further object of the present invention to
provide a rotary engine having a dual cooling sys-
tem for maintaining proper engine temperature.

It is a still futher object of the present invention
to provide a rotary engine having fewer moving
parts.

It is a still further object of the present inven-
tion to provide a rotary engine having a fuel injec-
tion pump and a distributor responsive to the rota-
tion of an inner and outer shaft.

In one embodiment of the present invention, a
rotary engine having an improved power transfer
mechanism includes a first member carrying a first
pair of diametrically aligned pistons. A second
member carries a second pair of diametrically
aligned pistons with the first and second pairs of
pistons cooperating to define a piurality of combus-
tion chambers. Means are provided for causing
combustion in the combustion chambers

shafts for withdrawing oil from the at least one of
the first and second pairs of pistons in response to
the rotary motion of the shaft.

In yet another embodiment of the present in-
vention, a rotary engine having timing cam blocks
is provided. A first shaft carries a first pair of
diametrically aligned pistons. A second shaft car-
ries a second pair of diametrically aligned pistons.
The first and second pairs of pistons cooperate to
define a plurality of combustion chambers. A plu-
rality of values for controlling the input of air and
fuel to the combustion chambers and for controlling
the removal of exhaust gases from the combustion
chambers is provided. Means are provided for
causing combustion in the combustion chambers
for imparting rotary motion to the first and second
shafts. A first plurality of cams is connected to the
first shaft and has a first plurality of camming
surfaces. A second plurality of cams is connected
to the second shaft and has a second plurality of
camming surfaces. A plurality of cam followers and
rocker arms responsive to the first and second
pluralities of cam surfaces are provided for opening
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and closing the plurality of valves in a timed rela-
tionship determined by the first and second plural-
ities of camming surfaces.

The rotary engine of the present invention,
which may be referred to in this specification as
the Silvoza rotary engine, provides a rotary engine
of high torgue and high kinetic energy derived from
a minimum number of combustions. The combus-
tions alternately drive inner and outer shafts with
each shaft carrying a pair of diametrically aligned
pistons. Unique power transfer gears are provided
which enable the simple and smooth coupling of
power produced by the engine to an output shait.
The simplicity of the fransfer gears enables the
number of combustions required to-maintain a pre-
determined number of rpms to be reduced without
requiring substantial construction changes in the
engine. The movement of the pistons is precisely
controlled by a uniquely configured controller. The
controller is not subjected to stress because it is
not used for iransferring power. Unique piston
seals are provided which enable the containment of
combustion gases within a combustion chamber
despite wear. A simple lubrication system is pro-
vided for providing oil to and withdrawing oil from
the pistons. The lubrication system works in con-
junction with the inner and outer shafts such that it
requires few moving parts yet operates effectively.
The lubrication system can also be used as part of
a cooling system in conjunction with normal water
cooling passages provided in the engine casing.
Numerous parts rotate in conjunction with either
the inner or the outer shaft such that the overall
number of independently moving parts is reduced.
The Silvoza rotary engine employs a novel fuel
pump and distributor which are responsive to the
rotation of both the inner and outer shafts. These
and numerous other advantages and benefits of the
present invention will become apparent from the
description of a preferred embodiment herein-
below.

BRIEF DESCRIPTION OF THE FIGURES

In order that the present invention may be
clearly understood and readily practiced, a pre-
ferred embodiment will now be described, by way
of example only, with reference to the accompany-
ing figures wherein:

FIG. 1 is a top view looking down on a rotary
engine constructed according to the teachings of
the present invention;

FIG. 2 is a right side view of a rotary engine
constructed according to the teachings of the
present invention;

FIG. 3 illustrates the inner shaft;
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FIG. 3a illustrates the outer shaft;

FIG. 4 illustrates the inner and outer shafts
together,;

FIG. 4a illustrates the oil ducts in the inner
and outer shafts;

FIG. 4b illustrates the main drive shaft;

FIG. 5 illustrates a right side view, without
the engine casing, of the interior of a rotary engine
constructed according fo the teachings of the
present invention;

FIG. 6 illustrates a right side view, in cross-
section, of a rotary engine constructed according to
the teachings of the present invention;

FIG. 7 illustrates the engine casing surround-
ing the cam blocks;

FIG. 8 is an exploded perspective view of
the front end of the inner shaft illustrating one of
the controller connecting mechanisms, the cams,
and the transfer gear;

FIGS. 8a-8e are plan views of the gas intake
cam, exhaust air cam, air intake cam, exhaust air
after combustion cam, and fransfer gear, respec-
tively;

FIG. 9 is an exploded perspective view of
the front end of the outer shaft iilustrating the cams
and the other controller connecting mechanism;

FIGS. 9a-9d are plan views of the gas intake
cam, exhaust air cam, air intake cam, and exhaust
air after combustion cam, respectively;

* _FIG. 10 is an exploded perspective view of
the rear end of the inner shaft illustrating two gears
and two oiling devices;

FIG. 11 is an exploded perspective view of
the rear end of the outer shaft illustrating the trans-
fer gear, two oiling devices, and two gears;

FIG. 12 illustrates a device for withdrawing
oil from an oil reservoir;

FIG. 13 illustrates a device for forcing oil into
an oil reservoir;

FIG. 14 illustrates the two annular rings
which define the floor of the annular chamber;

FIG. 14a is a cross-sectional view of the
annular rings of FIG. 14 assembled together with
seals;

FIG. 15 is an exploded perspective view of
one of the seals illustrated in FIG. 14a;

FIGS. 15a-15¢ are views of the three mem-
bers comprising the seal illustrated in FIG. 15;

FIG. 16 is a view taken along the lines A-A
of the rotary combustion engine illustrated in FIG.
6;

FIG. 17 is a side view of a piston assembly;

FIG. 18 illustrates an oiling nozzle and gas-
ket;

FIGS. 19 and 19a illustrate a trailing face
plate having oil channels on one side and mortised
seal supports on the other side, respectively;

10

15

20

25

30

35

40

45

50

55

FIG. 20 is a perspective view of oil channels
within a piston head;

FIG. 21 illustrates a base plate carrying mor-
tised seal supports;

FIG. 22 illustrates a plan view of an assem-
bled rectangular piston seal carried by a base
plate;

FIG. 23 is a plan view of an assembled
auxiliary seal carried by a trailing face plate;

FIG. 24 is an exploded perspective view
illustrating the members comprising the rectangular
piston seal of FIG. 22;

FIG. 25 is a perspective view illustrating the
members used to bias the members illustrated in
FIG. 24;

FIG. 26 is a cross-sectional view of one of
the bias members itllustrated in FIG. 25;

FiG. 27 is a perspective view of the control-
ler;

FIGS. 28 and 29 illustrate a controfler arm
carrying a roller;

FIG. 30 is a cross-sectional view of a distri-
butor constructed according to the teachings of the
present invention; :

FIGS. 30a and 30b are top and bottom
views, respectively, of the distributor illustrated in
FIG. 30;

FIG. 31 illustrates a fuel injection pump, with
part of the casing broken away, constructed ac-
cording to the teachings of the present invention;

FIG. 32 illustrates the inner and outer shafts
of the fuel injection pump iliustrated in FIG. 31;

FIGS. 32a and 32b illusirate the outer shaft
and inner shaft, respectively, of the fuel injection
pump illustrated in FIG. 31;

FIG. 32c illustrates a cam carried by the
inner and outer shafts of the fuel injection pump;

FIG. 33 is an exploded view illustrating one
of the injection units of the fuel injection pump
illustrated in FIG. 31;

FIG. 34 illusirates a compression control
valve;

FIG. 34a illustrates a compression control
valve adjustment nut;

FIGS. 35 and 35a illustrate the connection of
the cam push rod to the engine casing and the
rocker arm;

FIG. 36 is used to describe the motion of the
pistons during operation of the rotary engine;

FIGS. 37 and 38 are used to describe the
motion of the inner distributor arm and outer distri-
butor arm, respectively, during operation of the
rotary engine;

FIG. 39 is used to describe the motion of the
control mechanism during operation of the rotary
engine;
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FIGS. 40 and 41 are used to describe the
motion of the inner and outer transfer gears, re-
spectively, during operation of the rotary engine;

FIGS. 42 and 42a are used to describe the
motion of the inner gas intake cam during opera-
tion of the rotary engine;

FIGS. 43 and 43a are used to describe the
motion of the outer gas intake cam during opera-
tion of the rotary engine;

FIGS. 44 and 44a are used to describe the
motion of the inner air exhaust after combustion
cam during operation of the rotary engine;

FIGS. 45 and 45a are used to describe the
motion of the outer air exhaust after combustion
cam during operation of the rotary engine;

FIGS. 46 and 46a are used to describe the
moticn of the inner air intake cam during operation
of the rotary engine;

FIGS. 47 and 47a are used to describe the
moticn of the outer air intake cam during operation
of the rotary engine;

FIGS. 48 and 48a are used to describe the
moticn of the inner air exhaust cam during opera-
tion of the rotary engine; and

FIGS. 49 and 49a are used to describe the
motion of the outer air exhaust cam during opera-
ticn of the rotary engine.

DESCRIPTION OF A PREFERRED EMBODIMENT

SYSTEM DESCRIPTION

L Inner and Outer Shafts, Annular Floor Portions,
irlc_:l_ Combustion Chambers

A rotary engine 1 constructed according to the
teachings of the present invention is illustrated gen-
erally in FIGS. 1, 2, 5, and 6. At the center of the
rotary engine 1 lies an inner shaft 3 illusirated in
FIG. 3a and an outer shaft 203 illustrated in FIG. 3.
The inner shaft 3 has a plurality of splined portions
5, 6, 7, 8, 9, and 10 provided at one end thereof
which will be labeled, for purposes of description
only, the front end of the inner shaft 3. The inner
shaft 3 also carries, at what will be described as
the rear end of the shaft, two splined portions 11
and 12. The purpose of these splined portions is
described hereinbelow.

The outer shaft 203 illustrated in FIG. 3 also
carries a plurality of splined portions 205, 206, 207,
208, 209, 210, 211, and 212. The reference nu-

merals assigned to the splined portions of the outer
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shaft 203 have been assigned in such a manner
that the splined portion 205 performs the same
function for the outer shaft 203 as the splined
portion 5 performs for the inner shaft 3, the splined
portion 206 performs the same function for the
outer shaft 203 as the splined portion 6 performs
for the inner shaft 3, etc. -Again, the purpose of
these splined portions will be discussed in detail
hereinbelow.

- The inner shaft 3 illustrated in FIG. 3a includes
a middle portion adapted to carry the outer shaft
203. When the inner shaft 3 and outer shaft 203
are connected together they form one continuous
shaft as shown in FIG. 4. The combined shaft
shown in FIG. 4 runs horizontally, from left to right,
in the rotary engine 1 illustrated in FIGS. 1, 2, 5,
and 6.

The rotary engine 1 of the present invention
includes an outer engine casing 101 shown in
FIGS. 1, 2, and 6 which substantially encloses the
rotary engine 1. The engine casing 101 has a
portion 103 which defines a cylindrical chamber.
The cylindrical chamber 103 is divided into a
toroidal chamber 105, best seen in FIGS. 6 and 16,
by a first annular floor portion 14 and a second
annular floor portion 214 best seen in FIG. 6. The
first annular floor portion 14 is connected to the
inner shaft 3 for rotation therewith by a pair of
supports 15 and 16, best seen in FIG. 5. Supports
15 and 16 are connected to the inner shaft 3 in that
area generally designated 17 in FIG. 3a.

Similarly, the second floor portion 214 is con-
nected to the outer shaft 203 for rotation therewith
by a pair of supports (not shown) to that area of the
outer shaft 203 generally designated 217 in FIG. 3.
The outer shaft 203 has a notched portion 218
which is provided so that the outer shaft 203 does
not interfere with the supports 15 and 16 connect-
ing the inner shaft 3 to the first annular floor portion
14. In this manner, the inner shaft 3 and first
annular floor portion 14 are capable of rotating
independently of, and at different speed than, the
outer shaft 203 and the second annular floor por-
tion 214,

The first annular floor portion 14 carries a first
pair of diametrically aligned pistons 19 and 20 as
shown in FIGS. 5 and 16. The pistons are config-
ured to overlay the second annular floor portion
214 to divide the toroidal chamber 105 into various
sections. The pistons 19 and 20 therefore rotate
with the first annular floor portion 14, while the
second annular floor portion 214 simply slides un-
derneath the pistons 19 and 20.

The second annular floor portion 214 carries a
similar pair of diametrically aligned pistons 219 and
220 shown in FIG. 16. Only one of the pistons 219
can be seen in FIG. 5. The pistons carried by the
second annular floor portion 214 are configured to
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overlie the first annular floor portion 14 to divide
the toroidal chamber 105 into various sections. The
pistons 219 and 220 therefore rotate with the sec-
ond annuiar floor portion 214, while the first annular
floor portion 14 simply slides underneath the pis-
tons 219 and 220.

Because the inner shaft 3 and the outer shaft
203 are capabie of rotating independently of each
other, the pistons 19 and 20 carried by the first
annular floor portion 14 and the pistons 219 and
220 carried by the second annular floor portion 214
are capable of speeding up or slowing down rela-
tive to each other. Thus, between any one piston
carried by the first annular floor portion 14 and any
one piston carried by the second annular floor
portion 214, a combustion chamber is formed. As
seen in FIG. 16, a first combustion chamber A is
formed between pistons 219 and 19, a second
combustion chamber B is formed between pistons
19 and 220, a third combustion Chamber C is
formed between pistons 220 and 20, and a fourth
combustion chamber is formed between pistons 20
and 219.

Because the pistons 19 and 20 of the first
annular floor portion 14 can move independently of
the pistons 219 and 220 of the second annular floor
portion 214, the four phases of combustion, i.e.
combustion, exhaust, air input, and fuel input and
compression, are free to take place in each of the
combustion chambers. However, in each of the
combustion chambers, a different phase is taking
place. In combustion chamber A, the gases con-
tained thersin will undergo combustion and rapid
expansion driving piston 219 and piston 220 in a
countercockwise direction. In combustion chamber
D, the gases contained therein have already under-
gone expansion and are, at this point, being ex-
hausted from the engine. Combustion chamber C
is about to undergo intake of fresh air in prepara-
tion for the compression phase of the cycle. In
combustion chamber B, the gases are undergoing
compression in anticipation of fuel injection and
then combustion. In this manner, within each of the
combustion chambers A, D, C, and B, one of the
phases of combustion, exhaust, air input, and com-
pression is occuring. Each of the combustion
chambers A, B, C, and D sequentially undergoes
each of these phases as the combustion chambers
move within the annular chamber 105 defined by
the casing 103 and the annular floor portions 14
and 214. ,

The rotary engine of the present invention is
constructed such that when combustion occurs,
either a piston 19 or 20 carried by the first annular
floor portion 14 or a piston 219 or 220 carried by
the second annular floor portion 214 is driven.
Although the operation of the present invention will
be described in greater detail hersinbelow, it is
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sufficient at this time to understand that the pis-
tons, annular floor portions 14 and 214, and inner
and outer shafts 3 and 203, respectively, are al-
ternately driven at fast and slow speeds as each
piston takes a turn being driven by the combustion
occuring within the engine.

Those of ordinary skill in the art will recognize
that the inner and outer shafts defined above are
not the only embodiment which can be used to
carry two pairs of diametrically aligned pistons.
Such pistons could also be carried by first and
second coaxial shafts each extending through a
portion of the cylindrical chamber. Alternately, ro-
tating discs or the like could carry such pistons.
Such alternative embodiments fall within the scope
of this specification and the appended claims.

I_l_. Annular Floor Portion Seals

Because the annular floor portions 14 and 214
are capable of independent movement while for-
ming the floor of each of the combustion cham-
bers, seals must be provided. In FIG. 14, the first
annular floor portion 14 and the second annular
floor -portion 214 are illustrated in detail. The an-
nular floor portions 14 and 214 are not shown as
being complete rings in order that the detail of their
construction may be seen. However, the reader
should note that the annular rings 14 and 214-do
not contain openings as shown in FIG. 14.

The first annular ring, 14 has a first circular
recess 107 and a second circular recess 108 on
opposite sides thereof. The second annular floor
portion 214 has a first circular recess 109. The
circular recess 108, although shown as being car-
ried by the first annular floor portion 114, could
alternatively be carried by the second annular floor
portion 214,

The circular recesses 107, 108, and 109 are for
carrying sealing members which are illustrated in
detail in FIGS. 15, 15a, 15b, and 15c. Each of the
annular recesses carries a seal made up of a
spring member 111, a bearing member 112, and a
sealing member 113. The sealing members 113
carried by the first annular fioor portion 14 provide
a seal between the first annular floor portion 14 and
a portion of the engine casing 103 forming a wall of
the chamber 105 and a seal with the second an-
nular floor portion 214. The sealing member 113
carried by the second annular floor portion 214
provides a seal between the second annular floor
portion 214 and that portion of the casing 103
forming a wall of the chamber 105. Because the
first annular floor portion 14 moves relative to the
second annular floor portion 214, and both floor
portions move relative to the walls of the casing
103 forming the chamber 105, ball bearing mem-
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bers 112 have been provided to facilitate any mo-
tion required by the sealing members 113. As the
sealing members 113 wear, spring members 111
will continually urge the sealing members 113 into
engagement with the surfaces with which they are
o provide seals. In this manner, an effective seal is
provided between the first annular floor portion 14,
the second annular floor portion 214, and the walls
of that portion of the casing 103 forming the cham-
ber 105.

Hi. Valves, Cams, Push Rods, and Rocker Arms

In order to effect internal combustion, the
chamber 105 illustrated in FIGS. 6 and 16 must be
provided with air and fuel, a spark to initiate com-
busticn, and means for venting exhaust gases. En-
gine casing 103 is therefore provided with a plural-
ity of openings at various angular positions with
each opening controlled by a poppet valve or the
iike. In FIG. 2, a fuel input valve 22 for the inner
shaft 3 is illustrated at the same angular position as
a fuel input valve 222 for the outer shaft 203.
Similarly, an air exhaust valve 23 for the inner shaft
3 is located at the same angular position as an air
exhaust valve 223 for the outer shaft 203. An air
intake valve 24 for the inner shaft 3 is located at
the same angular position as an air intake valve
224 for the outer shaft 203. Exhaust air after com-
bustion vaives are also provided, one for the inner
shaft 3, valve 25 shown in FIG. 16, and one (not
shown) for the outer shaft 203. it should be noted
that each of the valves 22, 23, 24, and 25 illus-
trated in FIG. 16 has a corresponding valve for the
outer shaft 203 directly behind it which is why the
vaives for the outer shaft 203 are not visible in FIG.
16.

In order to effect ignition of the airfduel mixture
a spark plug 27 keyed to fire according to the
angular position of the inner shaft 3 is provided.
Similarly, a spark plug 227 keyed to fire according
to the angular position of the outer shaft 203 is
provided. ’

In order that the fuel input valve 22, air exhaust
valve 23, air intake valve 24, and exhaust air after
combustion valve 25 of the inner shaft 3 operate in
a properly timed relationship, cams carried by the
front end of the inner shaft 3 are provided. The
cams are shown in detail in FIGS. 8, 8a, 8b, 8c,
and 8d.

Returning now to FIG. 8, the front end of the
inner shaft 3 having the various splined portions is
illustrated. The splined portion 10 carries a controi-
ler cannecting mechanism 28 having a first arm 30
and a second arm 31, the function of which will be
described later. The splined portion 9 carries a fuel
input cam 32. The splined portion 8 carries an
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exhaust air cam 33. The splined portion 7 carries
an air intake cam 34. The splined portion 6 carries
an exhaust air after combustion cam 35. The splin-
ed portion 5 carries a power transfer gear 37. The
profiles of the cams 32-35, as well as the profile of
the power transfer gear 37, are illustrated in FIGS.
8a-8e, respectively. The general relationship be-
tween the cams 32-35 and the power transfer gear
37 and the remainder of the engine 1 may be seen
in FIGS. 5 and 6.

The surface of each of the cams 32-35 is
responsible for opening and closing, in a precisely
timed relationship, the correspondingly named
valve. Thus, the fuel input cam 32 controls the fuel
input valve 22, the air exhaust cam 33 controls the
air exhaust valve 23, the air intake cam 34 controls
the air intake valve 24, and the air exhaust after
combustion cam 35 controls the air exhaust after
combustion valve 25.

In a like fashion the front end of the outer shaft
203 also carries a plurality of cams. As shown in
FIG. 9, a first main bearing is carried by the outer
shaft 203. The splined portion 209 carries fuel
intake cam 232, splined portion 208 carries air
exhaust cam 233, splined portion 207 carries air
intake cam 234, splined potion 206 carries air ex-
haust after combustion cam 235, and splined por-
tion 210 carries a controller connecting mechanism
229 having a first arm 230 and a second arm 231.
The profile of the cams 232-235 are illustrated in
FIGS. 9a-9d. Each of the cams 232-235 has a
surface responsibie for opening and closing a cor-
respondingly named valve in a precisely timed
relationship. Thus, fuel input cam 232 controls fue!
input valve 222, air exhaust cam 233 conirols air
exhaust valve 223, air intake cam 234 controls air
intake valve 224, and air exhaust after combustion
cam 235 controls the air exhaust after combustion
valve. The position of the cams 232-235 relative to
the other portions of the rotary engine 1 can be
clearly seen in FIGS. 5 and 6.

Those portions of the inner shaft 3 and outer
shaft 203 extending between cam 35 and cam 232
lie within a portion of the engine casing generally
designated 115 in FIGS. 1 and 2. That portion of
the engine casing 115 may be, in fact, comprised
of a plurality of sections keyed and bolted together
as illustrated in FIGS. 6 and 7.

The portion of the casing 115 enclosing the
cams is located between a first casing member
117, which separates the cam casing 115 from the
casing 103 defining the cylindrical chamber, and a
second casing member 119 which encloses the
first power transfer gear 37. The casing 115 may
be comprised of nine individual annular members,
121-129, each keyed such that when they are
bolted together they form a rigid unit. The mem-
bers 121-124 house the cams 232-235 of the outer
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shaft 203, respectively. The member 125 houses a
controller, to be disclosed in detail below, while the
members 126-129 house the cams 32-35, respec-
tively, carried by the inner shaft 3.

The members 121-124 and 126-129 are each
provided with an opening therethrough to enable a
push rod to come into contact with each of the
cams 32-35 and 232-235. In FIG. 6, four such
openings are illustrated, an opening 39 in member
129, an opening 42 in member 128, an opening
239 in member 124, and an opening 242 in mem-
ber 123. Although not shown, the members 121,
122, 126, and 127 also have openings in which a
push rod is positioned.

A push rod 40 cooperates with a rocker arm 41
for opening and closing the valve 25. A push rod
43 cooperates with a rocker arm 44 for opening
and closing the valve 24. In a similar manner, a
push rod 240 cooperates with a rocker arm 241 for
opening and closing the valve 225, while a push
rod 243 cooperates with a rocker arm 244 for
opening and closing the valve 224. In this manner,
each of the push rods acts as a cam follower
closely following the surface of its respective cam.
Because the cams 32-35 rotate with the inner shaft
3 and the cams 232-235 rotate with the outer shaft
203, the angular position of the inner and outer
shafts precisely controls the opening and closing of
the various valves.

The cam and valve arrangement of the present
invention represents a substantial advantage over
the prior art. Because the cams must rotaie to-
gether with their respective shaft, the angular posi-
tion of the cams and hence the opening and clos-
ing of the valves is simply and precisely timed with
the movement of the pistons. Thus, air and fuel are
added to the combustion chamber and exhaust
gases are vented in a precise manner using a
simple design and a minimum of moving parts.
Further, because each of the casing sections 121-
124 and 126-129 carries only one opening for one
push rod, the opening, and hence the push rod,
can be precisely located. By precisely locating the
push rods, stress as well as wear are reduced
thereby enabling the present invention to achieve
the desired goals of low maintenance and reliabil-
ity.

The remainder of the valves illustrated in FIGS.
1 and 2 are similarly connected to appropriate
push rods by rocker arms. The fuel input valve 22
is connected via a rocker arm 46 to a push rod 47.
The fuel input valve 222 is connected via a rocker
arm 246 fo a push rod 247. The air exhaust valve
23 is connected by a rocker arm 50 to a push rod
51. The air exhaust valve 223 is connected via a
rocker arm 250 to a push rod 251.

The connection of the cam push rod 40 to the
engine casing 129 and to the rocker arm 41 is
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illustrated in FIGS. 35 and 35a. It should be recog-
nized that the connection of each of the cam push
rods to the casing as well as its respective rocker
arm are similar.

In FIG. 35, a mounting member 131 has a
circular recess 132 on the inside portion for mating
with a circular protrusion 134 extending from a
rotatable member 133. The member 131 is com-
prised of two c-sections rigidly attached to the
casing section 129, while the rotatable member 133
is free to rotate within the mounting member 131.
The rotatable member 133 carries internal threads
which mate with external threads carried by a mov-
able member 135. When the rotatable member 133
is rotated, the internal threads mate with the exter-
nal threads on the movable member 135 thereby
causing the movable member 135 to move up or
down, depending upon the direction of the rotation
of the rotatable member 133. When the movable
member 135 moves up or down, it compresses or
releases a spring member 137 which in turn exerts
a greater or lesser force on a block member 138.
Block member 138 carries the push rod 40. Thus,
if the block member 138 is urged upward, the push
rod 40 also moves upward. The opposite end of
push rod 40 carries a roller according to a known
configuration which follows the surface of cam 35.
Thus, the tension between the push rod 40 and the
surface of the cam 35 can be simply and effec-
tively adjusted by rotation of the rotatable member
133.

The block member 138 carries a grooved
member 140 having a groove on its upper surface.
The .groove of the member 140 is adapted to
receive a cylindrical member 142 carried by the
rocker arm 41. In this manner, the grooved mem-
ber 140 and cylindrical member 142 provide a
sliding joint whereby when the push rod 40 moves
up and down, the rocker arm 41 is permitted lateral
movement in the direction indicated by the arrow
144 such that no stress is applied to either the
rocker arm 41 or the push rod 40.

V. Drive Shaft ﬂi_ Power Transfer Gears

As mentioned above, the inner shaft 3 carries a
power transfer gear 37 on its front end via splined
portion 5. The outer shaft 203 also carries a power
transfer gear 237. In FIG. 11, the rear end of the
outer shaft 203 is illustrated. The outer shaft carries
a second main bearing. The power transfer gear
237 is carried by splined portion 205. The outer
shaft carries a second main bearing. The relation-
ship of the second main bearing 236 and power
transfer gear 237 with respect to the other compo-
nents of the rotary engine 1 is clearly illustrated in
FIG. 5. The power transfer gear 237 is contained
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within a section of the engine casing 148 as seen
in FIGS. 1 and 2.

The rotary engine of the present invention also
includes a main drive shaft 146 illustrated in FIGS.
4b and 5. As mentioned above, the inner shaft 3
and outer shaft 203 are alternately driven by the
internal combustions occurring within the rotary
engine. The power transfer gears 37 and 237 are
constructed such that when the shaft to which the
gear is connected is driven by an internal combus-
tion, the developed power is smoothly and effec-
tively transferred to the main drive shaft 146. This
is accomplished by providing the transfer gears 27
and 237 with toothed and non-toothed portions as
seen in FIGS. 8e and 11.

When the outer shaft 203 is driven by the force
of an internal combustion, the teeth of the power
transfer gear 237 mesh with a gear 148, shown in
FiIG. 5, carried by the main drive shaft 146. During
this time, the non-toothed portion of the power
transfer gear 37 is opposite a gear 150 carried by
the main drive shaft 146 as shown in FIG. 5. Thus,
while the power transfer gear 237 is delivering
power to the main drive shaft 146, the power
transfer gear 37, although moving, does not contact
the main drive shaft 146.

When the outer shaft is no longer driven by the
force of an internal combustion, the inner drive
shaft will then be driven by the force of an internal
combustion. However, when this occurs, the tooth-
ed portion of the power transfer gear 37 meshes
with the gear 150, while.the non-toothed portion of
the power transfer gear 237 is opposite gear 148.
In this manner power transfer gears 37 and 237
alternately couple the power produced by the inter-
nal combustions to the drive shaft 146.

When one of the shafis is being driven by the
forces of an internal combustion, it is driven at a
much faster rate than the non-driven shaft. There-
fore, the toothed portions of each of the transfer
gears cover a greater portion of the circumference
of the transfer gears than the non-toothed portions.
In one embodiment, the speed of the driven shaft
is twice the speed of the non-driven shaft. There-
fore, the toothed portions of the power transfer
gears extend over a portion of the circumference
which is twice as great as the portion of the cir-
cumference of the non-toothed portions of the
transfer gears.

In order for the teeth of the transfer gear 37 to
precisely mesh with the testh of gear 150, and for
the teeth of the transfer gear 237 to precisely mesh
- with the teeth of gear 148, a precise relationship
between such teeth must be maintained. Consider-

ing the transfer gear illustrated in FIG. 8e, each

toothed portion contains forty teeth and extends
aver 2/6ths of the circumference of the transfer
gear. Each non-toothed portion extends over only
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1/6th of the circumference of the transfer gear.
However, while the non-toothed portion of the
transfer gear 37 is adjacent the gear 150, drive
shaft 146 continues moving at twice the speed of
transfer gear 37 because the drive shaft 146 is now
being driven by the power transfer gear 237. Thus,
although each of the non-toothed portions extends
over only 1/6th of the circumference of the transfer
gear 37, it appears to the main drive shaft 146 to
actually extend over 2/6ths of the circumference of
the transfer gear 37. Thus, it appears to the main
drive shaft 46 as if there are forty teeth in this non-
toothed portion of the power transfer gear 37.
These apparent teeth are referred to as imaginary
teeth.

Considering the power fransfer gear 37 illus-
trated in FIG. 8e, the transfer gear has forty real
teeth in each toothed portion and forty imaginary
teeth in each non-toothed portion, for a total of 160
teeth. If the gear 150 has sixteen teeth, a ratio of
10:1 is provided. That is, for every one complete
revolution of the transfer gear 237, the main drive
shaft will make ten revolutions. The other power
transfer gear 237 is constructed in exactly the
same manner as the power transfer gear 37. Thus,
for each revolution of the power transfer gear 237,
the main drive shaft produces ten revolutions.

As will be described in detail hereinbelow in
conjunction with the description of the operation of
the present invention, for each revolution of the
power transfer gears 37 and 237, four combustions -
take place. Because of the simplicity of the power
transfer gears 37 and 237, the number of combus-
tions necessary to maintain a minimum level of
rom's can be simply and easily manipulated. For
example, assume that a level of 1,000 rpm's is to
be maintained. Using the power transfer gears illus-
trated in FIGS. 8e to 11, together with the gears
150 and 148 illustrated in FIG. 5, we know that for
each revolution of the power fransfer gears, the
main drive shaft 146 makes ten revolutions. We
also know that for each revolution of the power
transfer gears, four combustions take place. There-
fore, 100 revolutions of the power transfer gears
and 400 combustions must take place in order io
maintain a level of 1,000 rpm's.

However, if the number of teeth on the gears
148 and 150 is changed from sixteen to ten, each
revolution of the power transfer gear will result in
sixteen revolutions of the main drive shaft 146.
Under those circumstances, the power transfer
gears need make only 62-1/2 revolutions, which
can be performed as a result of 250 combustions.
Therefore, the number of combustions can be re-
duced while maintaining the same level of output
simply by changing the gear ratio. In this manner,
any desired ouiput level can be easily manipulated
by proper selection of the relationship between the
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transfer gears 37 and 237 and the gears 150 and
148. This represents a substantial advantage over
the prior art wherein such changes cannot be easi-
ly and effectively carried out.

The main drive shaft 146 is connected to a
flywheel positioned within the engine casing in the
area generally designated 152 in FIGS. 1, 2, and 6.
The power transfer gears 37 and 237 therefore
provide a simple and easy mechanism for smooth-
ly coupling the developed power to the main drive
shaft 146 and the flywhee! of the automobile. This
mechanism is extremely simple, yet effective. Be-
cause of its simplicity, the rotary engine of the
present invention lends itself to mass production
techniques, yet is extremely rugged and reliable.

it is anticipated that mechanisms other than
power transfer gears 37 and 237 may be used. For
example, a pulley belt configuration may be used
wherein the belt responsive to the nondriven shait
is allowed to slip. Such alternative configurations
are covered by this specification and the appended
claims.

\_/_. Controller

The positions of the four pistons of the rotary
engine 1 are precisely controlled by a controller
mechanism 154 contained within the annular casing
member 125 and illustrated in FIG. 27. The_control-
ler 154 is constructed of four arms 155, 156, 157,
. and 158 which are used to interconnect four rollers
160, 161, 162, and 163. The arms and rollers are
interconnected such that roller 160 is connected to
arms 155 and 158, roller 161 is connected to arms
150 and 156, roller 162 is connected to arms 156
and 157, and roller 163 is connected to arms 157
and 158. Thus, the arms 155-158 form a four-sided
geometric figure with a roller at each of the cor-
ners.

Each of the arms carries a protruding portion
for ultimately connecting the arm to either the inner
or the outer shaft. Arm 155 carries protruding por-
tion 185, arm 156 carries protruding portion 166,
arm 157 carries profruding portion 167, and arm
158 carries protruding portion 168. Each of the
protruding portions cooperates with its respective
arm to form an opening. The openings formed by
the protruding portion 165 and arm 155 and pro-
truding portion 167 and arm 157 receive in a rota-
tional relationship the two forwardly projecting arms
30 and 31, respectively, of the controller connect-
ing mechanism 29. In this manner, the arms 155
and 157 are connected to the inner shaft 3.

The openings formed by the protruding portion
166 and arm 156 and protruding portion 168 and
arm 158 receive in a rotational relationship the two
farwardly projecting arms 230 and 231, respec-
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tively, of the controller connecting mechanism 229.
in this manner, the second arm 156 and fourth arm
158 are connected to the outer shaft 203.

Turning now to FIGS. 28 and 29, additional
details of the arms 155 and 158 together with the
roller 160 are illustrated. As seen in FIG. 28, the
arm 155 carries springs 174 for urging the roller
160 against the cam surface 170. One of the
springs 174 is clearly seen in FIG. 29 urging the
roller 160 against the cam surface 170. Also clearly
seen in FIG. 29 are the protruding members 165
and 168. The opening formed by the protruding
member 165 and arm 155 receives arm 30 of the
controller connecting member 29 illustrated in FIG.
8, while the opening formed by the protruding
member 168 and arm 158 receives arm 231 of the
controller connecting member 229 illustrated in
FIG. 9. The openings are provided with bushings
176 or the like in order to provide a rotating type of
connection between the forwardly projecting arms
of the controller connecting members 29 and 229
and the arms 154-158.

It should be understood that the arm 158 car-
ries similar springs 174 (not shown) for urging the
roller 163 against the cam surface 170. Similarly,
the other arms 156 and 157 are constructed in a
like manner.

The purpose of the controller 154 is to pre-
cisely regulate the positions of the inner shaft 3
and outer shaft 203 and hence the positions of the
first and second pairs of pistons. This is accom-
plished by providing a cam surface 170 on the
inside of the controller 154 which is precisely de-
fined. The cam surface has a configuration defined
by two intersecting circles. The degree of intersec-
tion and hence the angle at point 171 and point
172 of the cam surface 170 is precisely defined.
The degree of intersection of the two circles which
define the cam surface 170 is such that a point on
the circumference of one circle closest to the cen-
ter of the other circle is displaced from the center
of the other circle by a distance equal to the radius
of the rollers 160-163. Constructing a cam surface
according to this relationship insures that the con-
troller mechanism 154 comprised of the arms 155-
158 and rollers 160-163 will continue to travel in
one direction, in our example, counterclockwise.
This insures that the pistons will continue to travel
in one direction, for example, counterclockwise,
thus enabling the smooth production of power.

With the coniroller illustrated in FIG. 27, it is
seen that the roller 160 has just passed the point
172 while the roller 162 has just passed the point
171. At this time, a combustion will occur. Because
of the momentum of the engine, coupled with the
configuration of the cam surface 170, it is easier for
the rollers 160 and 162 to continue to roll in the
counterclockwise direction. They will continue to
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roll in ihat direction until the roller 161 passes point
171 and the roller 163 passes point 172. When that
occurs, another combustion will take place, but
again, because of the momentum of the engine
and the configuration of the cam surface 170, it is
easier for the rollers 161 and 163 to continue in the
counterclockwise direction of travel. Thus, in this
manner, the controller 154 insures that the pistons
will continue to travel in the proper direction.

The construction of the controller is such that
when the inner shaft is driven, the controller con-
necting member 29 is capable of travelling at twice
the speed of the controller connecting member
229. Conversely, when the outer shaft 203 is
driven. the controller connecting member 229 is
capable of travelling at twice the speed of the
controller connecting member 29. It is because of
this ability to ailow one shaft to rotate faster than
the other shaft that the controller 154 is able to
precisely reguiate the position of the pistons to
enable compression, combustion, etc. to uniformiy
oceur.

VI. Oiling System

The present invention provides a unique, sim-
ple, and effective system for providing oil to and
removing oil from the engine. Returning to FIG. 1,
the engine casing 101 may define four oil reser-
voirs 253, 254, 53, and 54. The oil reservoir 253
provides a reservoir of clean, cool oil which is to be
pumped to the second pair of pistons 219 and 220
connected to the outer shaft 203. The oil reservoir
254 is for warm, dirty oil which has been removed
from the pistons 219 and 220. The oil reservoir 53
is for clean, cool oil which is to be pumped o the
first pair of pistons 19 and 20 connected to the
inner shaft 3. The oil reservoir 54 is for warm, dirty
oil which has been removed from the first pair of
pistons 19 and 20.

The outer shaft 203 carries two oiling devices
259 illustrated in FIG. 12 in the area generaily
designated 256 in FIG. 5. The outer shaft 203 also
carries two oil withdrawal devices 260 illustrated in
FIG. 13 in the area generally designated 257 in
FIG. 5. Thus, the oiling devices 259 are positioned
within the reservoir 253 while the oil withdrawal
devices 260 are positioned within the oil reservoir
254.

The inner shaft also carries two oiling devices
53 on that portion of the inner shaft generally
designated 56 illustrated in FIG. 5. The inner shaft
3 also carries two cil withdrawal devices 60 carried
in that area of the inner shaft generally designated
57 in FIG. 5. The area 56 of the inner shaft 3 lies
within oil reservoir 53 such that the oiling devices
59 are positioned within the reservoir 53. The area
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57 of the inner shaft 3 lies within the oil reservoir
54 such that the oil withdrawal devices 60 are
positioned within the oil reservoir 54. The general
relationship between the oiling devices 259 and 59
and the oil withdrawal devices 260 and 60 and the
remainder of the components of the Silvoza rotary
engine is clearly illustrated in FIG. 5.

Turning now to FIG. 10, the rear end of the
inner shaft 3 is illustrated. A splined portion 11
carries a gear 62 used in conjunction with a fuel
injection pump described hereinbelow. A splined
portion 12 carries a gear 63 used in conjunction
with a distributor described hereinbeiow. The area
56 of the inner shaft 3 carries the two oiling de-
vices 59. Each of the oiling devices is comprised of
an oil input tube 85 which is threaded into the inner
shaft 3 to communicate with a first oil duct 66
illustrated in FIG. 4a. Appropriate gaskets and
mounting screws may be provided to effect a prop-
er seal between the oil input tubes 65 and the first
oil duct 66.

As seen in FIG. 10, oil withdrawal devices 60
are each constructed of a compound oil withdrawal
tube 68 which is threaded into the inner shaft to
communicate with a second oil duct 69 seen in
FIG. 4a. The first ducts 66 are connected to a pair
of input tubes 71, partially shown, which provide oil
to the first pair of pistons 19 and 20 connected to
the inner shaft 3. The second oil ducts 69 are
connected to a pair of output tubes 72, partially
shown, for withdrawing oil from the first pair of
pistons 19 and 20. The flow of oil is thus from
reservoir 53, through ducts 66 and input tubes 71
to the first pair of pistons 19 and 20. The oil then
flows from the first pair of pistons 19 and 20
through output tubes 72, ducts 69, and into the
reservoir 54.

The rear end of the outer shaft 203 is illus-
trated in FIG. 11. The splined portion 205 carries a
transfer gear 237 as discussed above. The outer
shaft 203 carries two oiling devices 259 each in-
cluding an oil input tube 265. The oil input tubes
265 screw into threaded openings in the outer shaft
203 to communicate with third oil ducts 266 illus-
trated in FIG. 4a. The oiling devices 259 are similar
in construction and operation to oiling devices 58.

The outer shaft 203 carries two oil withdrawal
devices 260 each comprised of a compound oil
withdrawal tube 268 which is threaded into the
outer shaft 203 fo communicate with a fourth oil
duct 269 as shown in FIG. 4a. The oil withdrawal
devices 269 are similar in construction and opera-
tion to oil withdrawal devices 69.

The outer shaft 203 has a splined portion 212
carrying a gear 263 used in conjunction with a
distributor. The outer shaft 203 also has a splined
portion 211 for carrying a gear 262 used in con-
junction with a fuel injection’ pump. The distributor
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and fuel injection pump are described in detail
hereinbelow.

Oil from the reservoir 253 is pumped by the
oiling devices 259 through: the third ducts 266 and
through a pair of input tubes 271, which are par-
tially shown in FIG. 4a, to the second pair of
pistons 219 and 220 carried by the outer shaft 203.
Oil is withdrawn from the second pair of pistons
through a pair of output tubes 272, partially shown
in FiG. 4a, through the fourth ducts 269 {o the oil
reservoir 254,

Each of the pistons of the first and second
pairs of pistons may be constructed as shown
generally in FIG. 20. In FIG. 20, the piston 19, one
of the pistons of the first pair of pistons connected
to the inner shaft 3, is shown. The reader should
understand that each of the other pistons is con-
structed in a similar manner.

In FIG. 20, piston 19 has a leading face 74 and
a trailing face 75. Each of the faces has a plurality
of channels formed therein. A trailing face plate 77
shown in FIG. 17 has a plurality of channels formed
therein which register with the channels of the
trailing face 75 to form oil channels when the
trailing face plate 77 is bolted thereto. The trailing
face 75 and ftrailing face plate 77 cooperate to
define a piurality of oil drain holes 78. The leading
face 74 cooperates with a leading face plate 79 in
a similar manner fo that described to define a
plurality of oiling holes 80. Each of the oiling holes
80 is fitted with a threaded nozzle 82 and a gasket
83 illustrated in FIG. 18. Thus, the piston 19 will
have a profile as shown in FIG. 17. A plurality of oil
nozzies 82 extend around the periphery of the
leading face 74 of the piston, while a plurality of oil
drain holes 78 extend around the periphery of the
trailing face 75 of the piston 19.

Returning to FIGS. 12 and 13, when the engine
is operative, the inner and outer shafts are both
rotating. When the outer shaft 203 is rotating in a
counterclockwise direction as seen in FIG. 12, oil is
forced into the oil input tubes 259. This oil travels
through ducts 269 and tubes 271 to the second
pair of pistons 219 and 220 carried by the outer
shaft 203. The oil is then forced out the plurality of
nozzles 82 which are located around the periphery
of the leading face of the piston. Thus, the oil is
available for lubrication and cooling as the body of
the piston moves by.

The oil withdrawal device 13 is also rotating in
a counterclockwise direction within the oil reservoir
254. The oil within the reservoir 254 flows through
the compound tubes 260 in the direction generally
indicated by the arrows 178. This flow causes a
venturi effect at the opening of the inner tube of the
compound tube 260. This venturi effect causes a
powerful suction which withdraws oil through the ail
drain holes 78 located around the periphery of the
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trailing face of the piston through the fourth ducts
269 into the oil reservoir 254.

In this manner, the first and second pairs of
pistons are each provided with a separate and
independent oiling mechanism. Rotation of the
shafts causes a pumping action to force oil to the
pistons to be sprayed therefrom to provide lubrica-
tion. Rotation of the shaft also creates a powerful
suction which is capable of withdrawing oil from the
pistons and returning it to an oil reservoir. Thus,
the lubrication system of the present invention pro-
vides a simple method of lubricating the pistons
with a minimum of moving parts. The parts which
do move rotate in conjunction with either the inner
or outer shaft. Thus, no independent moving parts
are required. The lubrication of the present inven-
tion is extremely simple to construct and easy to
maintain.

VIi. Dual Cooling System

Returning now to FIG. 1, a lubrication system
involving reservoirs 253, 254, 53, and 54 has just
been described. The oil in reservoirs 254 and 54
has been removed from the second pair of pistons
219 and 220 and first pair of pistons 19 and 20,
respectively. The oil in the reservoirs 254 and 54 is
forced by a first pump 180 to a filtering and refrig-
eration unit 182. In the unit 182, the oil is filtered
and cooled. The cool, clean oil is returned to reser-
voirs 253 and 53 through a second pump 184."In
this manner, the oil can be recirculated through the
engine. The flow of oil is generally indicated by the
arrows 185.

It is anticipated that by cooling the oil, a signifi-
cant amount of heat can be removed from the
engine. It is further anticipated that a synthetic oil
having good flow characteristics when cold may be
used in conjunction with the Silovoza rotary engine
1.

in addition to the oil cooling system, a more
traditional water cooling system may also be pro-
vided. The engine casing 103 is provided with a
plurality of passages (not shown) for carrying cool-
ing water. The cooling water is pumped from the
casing 103 by a third pump 188. The water travels
from the third pump 186 into a refrigeration unit
188 which cools the water. The cold water is
pumped by a fourth pump 190 from the refrigera-
tion unit back to the engine casing 103. The flow of
water is generally indicated by the arrows 191. In
this manner, not only is the lubrication system
used for cooling the engine, but a more traditional
water-cooled jacket is also provided.

Turning to FIG. 2, it is anticipated that the main
drive shaft 146 may be provided with a plurality of
pulleys 192. These pulleys may be provided with
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belts 194 fo driving the pumps 180, 184, 186, 190,
the refrigeration units 182, and 188, as well as any
other required pumps or auxiliary equipment, such
as an air conditioner.

Vil Piston Seals

The present invention includes a novel piston
seal 301 seen best in FIG. 22. The piston seal is
comprised of four L-shaped members 303, 304,
305. and 306 mortised on both the inside and the
outside as shown in FIG. 24. The outside mortise
of the members 303 and 306 carries a first bridge
member 308. The outside mortise of the members
303 and 304 carries a second bridge member 309.
The outside mortise of the members 304 and 305
carries a third bridge member 310. The outside
mortise of the members 305 and 306 carries a
fourth bridge member 307. The L-shaped members
are fitted together to provide a rectanguiar seal as
shown in FIG. 22 with the bridging members ex-
tending between adjacent L-shaped members.

The L-shaped members are grouped in pairs to
provide a uniform seal face. Thus, members 303
and 306 cooperate to define a top seal face; mem-
bers 303 and 304 cooperate to define a left seal
face; members 304 and 305 cooperate to define a
bottom seal face; members 305 and 306 cooperate
to define a right seal face. Each of the pairs of
members is biased such that each seal face is
capable of moving independently of. every other

seai face. The means for biasing each of the seal -

faces is illustrated in FIG. 25.

In FIG. 25 four tension adjustment members
313, 314, 315, and 316 are illustrated. Also illus-
trated in FIG. 25 are four connecting members 323,
324, 325, and 326. Each of the connecting mem-
bers is mortised on one side and has a tenon on
the opposite side. The mortised side carries a
plurality of springs 328. The springs 328 may be
capped on opposite ends with members 330 which
may be positioned within the mortise of the tension
adjustment members 313-316 as well as the mor-
tise of the connecting members 323-326. In this
manner, the tension adjustment members 313-316
are connected to the connecting members 323-
326.

The tenon of each of the connecting members
323-326 fits in the inside mortise carried by each
of the L-shaped members 303-306 as shown in
FIG. 26.

Each of the tension adjustment members 313-
316 has a tenon 332 extending therefrom. A base
plate 334, illustrated in FIG. 21, carries four mor-
tised support members 336, 337, 338, and 339.
Each of the mortised support members 336-339
receives the tenon 332 of one of the tension adjust-
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ment members 313-316.

The seal 301 illustrated in FIG. 22 is also
provided with four tension adjustment knobs 343,
344, 345, and 346. Each of the tension adjustment
knobs 343 is provided with a piurality of testh 348
which mesh with a plurality of teeth 350 carried by
the tension adjustment members 313-316.

The operation of the piston seal 301 illustrated
in FIG. 22 will now be described. In order to initially
adjust the tension of the seal, knobs 343-346 are
turned. By turning knob 343 in a clockwise direc-
tion, the tension adjustment member 313 moves
upward. This causes the upper seal face com-
prised of L-shaped members 303 and 306 to be
moved upward. This upward movement may cause
an opening between L-shaped members 303 and
304 on the left side of the seal 301 and an opening
between L-shaped members 305 and 306 on the
right side of the seal 301. However, because of
bridging members 309 and 311, respectively, the
left and right seal faces are maintained despite the
movement of the upper seal face. In a similar
manner, tension adjustment knob 344 may be
rotated clockwise, thereby urging the left seal face
comprised of L-shaped members 303 and 304 to
move towards the left. This may cause an opening
between L-shaped members 303 and 306 on the
top seal face and between L-shaped members 304
and 305 on the bottom seal face. However, be-
cause the bridging members 308 and 310, respec-
tively, the top and bottom seal faces maintain their
integrity despite movement of the left seal face.

It should be apparent to the reader that the
construction of the piston seal 301 enables each of
the seal faces to move independently of the other
seal faces, while the seal provided by each seal
face is maintained. It is anticipated that after initial
adjustment of the tension adjustment members
313-316, sufficient energy can be stored in the
springs 328 such that during actual operation, any
wear of the seal face will be compensated for by
the force of the springs. In this manner, as each
seal face wears, the springs 328 will urge that seal
face in the direction of wear independently of the
other seal faces. The seal of the present invention
represents a substantial advance over the prior art
in that as the piston seals of the present invention
wear, the seal will not be adversely affected. It is
anticipated that various other members may be
used which will effect the same functions of the
members just discussed. The seai of the present
invention is therefore not limited to the specific
type, number or configuration of the members dis-
cussed above.

The reader will recall that the pistons 19 and
20 are connected to the first annular floor portion
14 while the pistons 219 and 220 are connected to
the second annular floor portion 214. Because of
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this, the bottom seal face Hlustrated in FIG. 22 is
prevented from expanding in the direction of the
floor portions 14 and 214. To compensate for this,
auxiliary seals 352, illustrated in FIG. 23, are pro-
vided. The auxiliary seal is constructed in substan-
tially the same manner as the piston seal 301,
except that wear in only one direction need be
compensated for. The auxiliary piston seal 352 is
constructed of a first L-shaped member 354 and
two straight members 355 and 356. The L-shaped
member 354 has an outer mortise cooperating with
an outer mortise of the straight member 355 to
carry a first bridge member 357. The outer mortise
of the L-shaped member 354 cooperates with an
outer mortise of the second straight member 356 to
carry a second bridge member 358. The L-shaped
member 354 and the straight member 355 coop-
erate to define a bottom seal face which operates
in conjunction with a tension adjustment number
. 360, connecting member 361, springs 362, and
tension adjustment knob 363, all constructed and
functioning in the same manner as discussed
above in conjunction with the piston seal 301. In a
similar manner, the L-shaped member 354 coop-
erates with the straight member 356 to define a left
seal face which operates in conjunction with a
tension adjustment member 365, a connecting
member 356, springs 367, and a tension adjust-
ment knob 368, all constructed and functioning in
the same manner as described above in conjunc-
tion with the piston seal 301.

The tension adjustment member 360 is carried

by a mortised support member 370 which in turn is
carried by the trailing face plate 77. The tension
adjustment member 365 is carried by a mortised
support member 371 which in turn is carried by the
trailing face plate 77. The auxiliary seal is con-
structed such that the bottom face extends over
substantially half the distance of the trailing face
piate 77. Thus, even though the piston seal 301
illustrated in F1G. 22 cannot expand downwardly to
compensate for wear caused by that annular floor
portion which is moving, the auxiliary seal can
nonetheless expand in the direction of wear to
maintain an effective seal. It is anticipated that
various other members may be used which will
effect the same functions of the members just
discussed. The seal of the present invention is
therefore not limited to the specific type, number,
and configuration of the members discussed
above.

A complete piston assembly, including the
seals, is illustrated in FIG. 17. lllustrated in FIG. 17
is a piston 19 carried by the first annular floor
portion 14. Therefore, the second annular floor por-
tion 214 moves relative to the piston 19. The piston
19 is connected to the first annular floor portion 14,
not seen in FIG. 17, by the illustrated threaded
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assembly 373. The pistons 20, 219, and 220 are
connected to their respective floor portions by simi-
lar threaded assemblies. The piston is comprised
along its leading face of a leading face plate 79
having oil channels on one side and mortised sup-
port members on the other side for carrying the
auxiliary seal 352. A second support plate is pro-
vided, such as plate 334 shown in FIG. 21, which
carries the piston seal 301. A third plate 375 is
provided to securely fasten the piston seal 301.
The plate 375 may carry a crown 377 which is
used to decrease the area within the combustion
chamber.

The trailing edge of the piston 19 is con-
structed in a similar manner. The trailing face plate
77 completes the assembly of ‘the oil drain holes
78 while providing the mortised supports 371 and
370 for the auxiliary seal 352. A second plate 334
is provided for supporting the piston seal 301. A
third plate 375 is provided for maintaining the seals
in the proper orientation. Again, the plate 375 may
be provided with a crown 377 for decreasing the
area of the combustion chamber.

% Distributors

The present invention utilizes two distributors
85 and 285 illustrated in FIG. 1. The distributors 85,
illustrated in FIG. 30, has a distributor gear 87
which may be connected by a chain (now shown)
to gear 63 carried by the inner shaft 3. A portion of
the casing 89 illustrated in FIG. 1 encloses the
chain as well as the distributor gear 87 and the
gear 63. In this manner, the internal mechanism of
the distributor, to be described later, rotates in
unison with the inner shaft.

The distributor 285 has a similar distributor
gear (not shown) which is connected by a chain
(not shown) to the gear 263 carried by the outer
shaft 203. A portion of the casing 289 encloses the
distributor gear, chain, and the gear 263.

The distributor 85 will now be described in
detail in conjunction with FIGS. 30, 30A, and 30B.
The readsr should recognize that the distributor
285 is identical in construction and operation ex-
cept that the distributor 285 operates in conjunction
with the outer shaft 203.

In FIGS. 30, 30A, and 30B a capacitor 91 is
charged by a source of voltage such as a battery
or alternator (not shown) through a conductor 92.
Periodically, the capacitor 81 is disconnected from
the charging source. At this time, the rotating wing-
like conductor or blade 94 comes into contact with
contacts 95 which causes the capacitor 91 fo
quickly discharge. This discharge is carried by a
conductor 97 to the spark plug 27 for providing the
spark necessary for ignition. The distributor 95
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operates like a conventional distributor with the
exception that it is responsible for firing only one
spark plug. Therefore, the distributor 85 may be
more properly referred to as an ignitor. Because
the wing-like conductor 94, which causes the dis-
charge of the capacitor 91, rotates in unison with
the shaft 3, the spark plug 27 is always fired at
precisely the correct time. In this manner, com-
plicated timing devices are eliminated.

X. Fuel Injection Pump

A fuel injection pump 379 constructed accord-
ing to the teachings of the present invention is
illustrated generally in FIGS. 1 and 2, and more
specifically in FIG. 31. The fuel injection pump has
an inner shaft 381 illustrated in FIG. 32B and an
outer shaft 382 illustrated in FiIG. 32A. The inner
and outer shafts may be combined as shown in
FIG. 32. The inner shaft 381 has a splined portion
384 carrying a gear 385. The outer shaft 382 has a
splined portion 387 carrying a gear 388. The gear
385 is connected by a chain (not shown) fo the
gear 62 carried by the inner shaft 3 illustrated in
FIG. 5. The gear 388 is connected by a chain (not
shown) to the gear 262 carried by the outer shaft
203 as illustrated in FIG. 5. A portion of the engine
casing 99, illustrated in FIGS. 1 and 2, is provided
to enclose the gears 385 and 62 as well as the
connecting chain. A portion of the casing 299 illus-
trated in FIGS. 1 and 2 is provided to enclose the
gears 388 and 262 together with the interconnec-
ting chain. In this manner, the inner shaft 381 of
the fuel injection pump 379 rotates at the same
speed as the inner shaft 3 while the outer shaft 282
of the fuei injection pump 379 rotates at the same
speed as the outer shaft 203.

The fuel injection pump is capable of providing
fuel to the combustion chambers through the fuel
input valves 22 and 222. A first fuel injection unit
378 located within the fuel injection pump 379 for
providing fuel to the outer fuel input valve 222 is
the same as a second fuel injection unit 378’
located within the fuel injection pump 379 for pro-
viding fuel to the inner fuel input valve 22. Because
these units are the same, only the first unit 378 will
be described in detail. The reader will understand
that the second unit 378 is constructed and op-
erates in the same manner as the first unit 378.

In FIGS. 31 and 32A, the outer shaft 382 is
illustrated carrying a fuel injection cam 390. The
fuel injection cam 390 is shown in detail in FIG.
32C. When the fuel injection cam 390 rotates, a
cam follower in the form of a fuel injection plunger
392 follows the surface of the fuel injection cam
390. When the fuel injection plunger reaches the
level portion of the fuel injection cam 390, it is
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driven downward by a spring 393. This downward
motion of the fuel injection plunger 392 creates a
vacuum in a fuel holding chamber 395 best seen in
FIG. 33. The chamber 395 has an opening 396 in
communication with a fuel replenishment line 397.
The vacuum in the chamber 395 caused by the
dropping fuel injection plunger 392 is timed to
correspond to the operation of a fuel replenishment
plunger (not shown), which is located within a fuel
replenishment chamber 389 and is responsive to a
fuel replenishment cam 391. The fuel replenish-
ment plunger is driven upward by the fuel replen-
ishment cam 391 at the same time the vacuum is
formed in the chamber 395 such that fuel from the
fuel replenishment chamber 389 is forced through
the fuel replenishment line 397, through opening
396, and into the chamber 395. When the eccentric
portion of the fuel injection cam 390 forces the fuel
injection plunger 392 upward, the fuel in the fuel
holding chamber 395 is forced upward through a
fitting 398 connected to a fuel line 400 which
connects the fuel injection pump 379 to the fuel
input valve 222. Again, the reader will recognize
that a secondlfuel injection plunger 392', fuel injec-
tion cam 390, etc. are provided for the fuel input
valve 22.

The fuel injection pump 379 is responsive to a
gas pedal 401 illustrated in FIG. 2 through a con-
nector 403. The connector 403 is connected to a
mechanism 405 located on the outside of the fuel
injection pump 379. The mechanism 405 is respon-
sible for causing a small gear 406 to ‘rotate in
response to the amount of depression of the gas
pedal 401. The small gear meshes with a large
gear 408. The large gear 408 in turn moves a rack
gear 410 to the right or left as viewed in Fig. 31.
The rack gear 410 is seen most clearly in FIG. 33.

The fuel injection plunger 392 is provided with
a window 412. This window cooperates with a fuel
drain passage (not shown) on the inside of the
chamber 395 thereby allowing fuel to drain from
the fuel holding chamber 395 back into the fuel
replenishment chamber 389. The angular position
of the plunger 392, and therefore the position of the
window 412 relative to the fuel drain passage within
the chamber 395, is responsive to the rack gear
410 by virtue of a connecting member 414,

When the gas pedal is not depressed, the
window 412 of the plunger 392 is lined up with the
fuel drain passage within the chamber 395 such
that most of the fuel drains from the chamber 395.
Thus, on the upward stroke of the plunger 392 only
a minimum amount of fuel required o maintain the
engine running is injected into the combustion
chamber. Conversely, if the gas pedal is fully de-
pressed, the window 412 of the plunger 392 is
entirely out of registry with the fuel drain passage
within the chamber 395 such that no fuel drains
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from the chamber 395. On the upward stroke of the
plunger 392 all of the fuel is injected into the
combustion chamber. Thus, the level of depression
of the gas pedal ultimately determines how much
fuel will be injected into the combustion chamber.
The other fuel injection unit 378 is similarly re-
sponsive to the gas pedal.

5!_. Adjustable Check Valve

lllustrated in FIG. 34 is an adjustable check
valve 417. The position of the adjustable check
valve 417 relative to the remainder of the compo-
nents of the Silvoza rotary engine is illustrated in
FIG. 2. Returning now to FIG. 34, the adjustable
check valve 417 is positioned such that a lower
chamber 419 is subject to the pressure created
during combustion. An adjustable nut 421 coop-
erates with a spring 423 to determine the amount
of pressure exerted on a diaphragm 425. On the
opposite side of the diaphragm 425 is a plunger
427 which isolates an output vent line 429 from the
combustion pressure experienced in lower cham-
ber 419. In the event that the combustion pressure
experienced in lower chamber 419 becomes great-
er than the force exerted by the spring 423, the
plunger 427 and diaphragm 425 will be pushed
upwardly thereby allowing the pressure to escape
through the output vent line 429.

The adjustment nut 421 is illustrated in detail in
FIG. 34A. The adjustment nut has the shape illus-
trated in FIG. 34A such that the area on the side of
the diaphragm 425 in which the spring 423 is
located will be at atmospheric pressure. Thus, by
screwing adjustment nut 421 downward the amount
of combustion pressure needed to operate valve
417 is increased. By screwing adjustment nut 421
upwardly, the amount of pressure needed to op-
erate valve 417 is decreased. Because the valve
417 is in communication with the pressure in the
combustion chamber, the pressure in the combus-
tion chamber can be easily regulated by a simple
adjustment. This represents a substantial advan-
tage over the prior art.

Xil. Overall Engine Operation

The operation of the present invention will now
be described in conjunction with FIGS. 36-49 and
42a-49a. In general, FIGS. 37, 40, 42, 42a, 44, 443,
46, 46a, 48, and 48a illustrate components which
rotate in conjunction with the inner shaft 3. FIGS.
38, 41, 43, 43a, 45, 453, 47, 47a, 49, and 4%a
illustrate components which rotate in conjuhction
with the outer shaft 203. Each of the components
has been divided into twenty-four segments. In
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general, the components carried by the driven
shaft will move eight of the twenty-four segments,
while the components of the non-driven shaft will
move four of the twenty-four segments. In the
following discussion, we will assume that the inner
shaft has just been driven by a combustion, while
the outer shaft is preparing to be driven by a
combustion. Thus, in the following figures, the
components of the inner shaft will first be driven
eight segments, while the components of the outer
shaft will be driven four segments. Following that
movement, the components of the inner shaft will
be driven four segments, while the components of
the outer shaft will be driven eight segments.
Thereafter, motion continues in the same manner
with the driven shaft moving sight segments and
the non-driven shaft moving four segments.

In FIG. 36 the pistons 19 and 20 connected to
the inner shaft 3 are being driven by a combustion
which has just taken place in combustion chamber
B. As discussed above, the areas between the
pistons 19 and 220, pistons 220 and 20, pistons 20
and 219, and pistons 219 and 19 form combustion
chambers B, C, D, and A, respectively. However,
each combustion chamber is not ignited until it is
positioned under the spark plugs 27 and 227.

Combustion occurs when the rotating wing-like
conductor 94 of the distributor 85 comes in contact
with the contacts 95 thereby providing a spark
through spark plug_27. At this time, the wing-like
conductor 94 occupies the position illustrated in
FIG. 37 and the wing-like conductor 294 occupies
the position illustrated in FIG. 38.

Turning now to the controller 154 illustrated in
FiG. 39, it is easiest to talk about the movement of
the controller 154 by describing the movement of
the points at which the controller 154 is connected
to the first arm 30 and second arm 31 of the
controller connecting mechanism 29 and the first
arm 230 and second arm 231 of the controller
connecting mechanism 229, For convemence,
these points are designated A, A" B, and B,
spectively. Thus, points A and A represent the
points where the controller is connected to the
inner shaft 3, whiie the points B and B’ represent
the points where the controller is connected to the
outer shaft 203.

During the combustion and ensuing expansion
of the combustion gases, the point A W|II move to
the posmon occupied by the point B', while the
point A" will move to the position occupied by the
point B. For the pomt A to move to the position
occupied by point B it must move through eight
segments of an |mag|nary circle drawn through the
points A, A B, and B During this time, the points
B and B  will move only four segments to occupy
the positions occupied by the points A and A,
respectively. Thus, it is seen that the controller 154
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enables the driven shaft to move eight segments,
while the non-driven shaft moves four segments.

After the combustion which causes the inner
shaft 3 to be driven, the transfer gear 37 illustrated
in FIG. 40 will begin meshing with the gear 150 of
the main drive shaft 146. The transfer gear will
travel eight segments thus coupling power from the
inner shaft 3 to the main drive shaft 146. During
this time, the power transfer gear 237 of the outer
shaft 203 illustrated in FIG. 41 moves four seg-
ments during which time it does not mesh with the
gear 148 of the main drive shaft 146.

The inner gas intake cam 32 moves coun-
terclockwise eight segments from the position
shown in FIG. 42 to the position shown in FIG. 42a.
When the cam 32 reaches segment 7, the fuel
input valve 22 is momentarily opened and the fuel
injection pump 379 injects fuel into the combustion
chamber. It is noteworthy that the cam connected
to the inner shaft 3 is used to provide the fuel
which will cause a combustion resulting in the outer
shaft 203 being driven. As seen in FIGS. 43 and
43a, the outer gas intake cam 232 moves four
segments during which time it remains closed.

In FIGS. 44 and 44a, the inner air exhaust after
combustion cam 35 is illustrated. At the very begin-
ning of combustion, the inner air exhaust after
combustion valve 25 is closed. Immediately there-
after, as can be seen by the cam surface, the valve
is opened and remains open for a substantial pe-
riod of time to enable the piston 19 to travel toward
the air exhaust after combustion valve 25, thereby
expelling combustion gases from the previous
combustion which ook place in chamber A. During
this time, the outer air exhaust after combustion
valve 235 remains closed as illustrated in FIGS. 45
and 45a.

The cams 34 and 234 for the air intake valves
24 and 224, respectively, are illustrated in FIGS.
48, 46a, 47, and 47a. The inner air intake cam 34
causes the air intake valve 24 {0 open, thereby
enabling air fo enter in preparation for the combus-
tion which will take place in chamber D. During this
time, the outer air intake valve 224 for the outer
shaft 203 remains closed as illustrated by the cam
surface shown in FIGS. 47 and 47a.

The inner air exhaust cam 33 is illustrated in
FIGS. 48 and 48a. The inner air exhaust cam is
configured such that the air exhaust valve 23 re-
mains open and then closes in preparation for
compression just prior to the next combustion
which will take place in chamber C. During this
time, the outer air exhaust valve 223 remains
closed as shown by FIGS. 49 and 49a.

After the inner shaft is driven by the combus-
tion forces, the pistons illustrated in FIG. 37 will
have exchanged positions. That is, piston 18 will be
in the position of piston 219, while the piston 220
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will be in the position of piston 19. At this time, the
outer shaft will be driven when the wing-like con-
ductor 94 of the outer distributor 85 comes in
contact with the contacts 295. Under these cir-
cumstances, the points of the controller again ex-
change position. The power transfer gear 237 of
the outer shaft 203 meshes with gear 148, while
the power transfer gear 37 does not mesh with the
gear 150. The cams illustrated in FIGS. 42a, 44a,
46a, and 48a will move four segments, while the
cams illustrated in FIGS. 43a, 45a, 473, and 49a
will move eight segments. Thus, after each shaft is
driven twice (eight segments plus eight segments)
and is not driven twice (four segments plus four
segments), the components will have returned to
their initial positions illustrated in FIGS. 36-49.

In this manner, the operation of the valves is
precisely controlled to effect the input of air and
fuel, the compression of the air-fuel mixture, the
combustion of the air-fuel mixture, and the exhaust
of combustion gases.

As can be seen from FIGS. 46-49a, at the point
of combustion, both air intake valves 24 and 224
and both air exhaust valves 23 and 223 are mo-
mentarily closed. This enables the momentary pro-
duction of a small vacuum in chamber G, i.e.
between the valves 23 and 24. This small vacuum
aids in controlling the pistons so that they travel in
a counterclockwise direction.

Xill. Summary

The present invention is directed to a novel
rotary engine having numerous advantages over
the prior art. The rotary engine of the present
invention efficiently produces high torque from a
minimum number of combustions. The power pro-
duced by the engine is transferred to an output
drive shaft by a simple arrangement of two power
transfer gears. By changing the ratio of the power
transfer gears to the gears of the output drive shait,
a minimum number of combustions required for
maintaining a desired level of rpms can be easily
controlled.

The rotary engine of the present invention uti-
lizes a novel conirol mechanism for precisely con-
trolling the position of the pistons. Because the
control mechanism is not used to transfer power, it
is not subject to high torque or shocks.

The rotary engine of the present invention fur-
ther utilizes novel piston seals which are capable of
expanding in the direction of wear, while maintain-
ing the seal at each face thereof. Such seals effec-
tively contain the combustion gases, thereby en-
abling efficient and smooth operation. -

The rotary engine of the present invention also
employs a novel lubrication system which operates
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in conjunction with rotation of the inner and outer
shafts. The lubrication systems is extremely sim-
ple, yet effective. The lubrication system can also
be used as a cooling system in conjunction with a
more traditional water cooling system.

The rotary engine of the present invention also
utilizes a novel fuel injection pump and a novel
ignitor, which both operate in response to the inner
and outer shafts.

Novel cam configurations are provided in order
to reduce the number of independently moving
parts and to simply and effectively operate the
required valves in a precisely timed relationship.
Because the rotary engine of the present invention
has fewer independently moving parts than other
types of rotary engines, it is easier to produce
using mass production techniques, more efficient,
and easier to maintain.

Those of ordinary skill in the art will recognize
that the rotary engine disclosed herein may use
other components which have not been specifically
described in this specification. For example, an oil
reservoir 435, seen in FIGS. 1 and 2, oil pumps
436 and 437 and oil filters 438 and 439 may be
used in order to provide lubrication to the various
push rods and cams. An exhaust manifold 441,
seen in FIG. 2, may also be provided. An oil
reservoir 443, seen in FIG. 1, may be provided in
order to provide lubrication to the fuel injection
pump 379. A fuel pump 445 and fuel line 446 may
also be provided. These, and other elements, have
not been described in detail because these ele-
ments are not considered to be essential features
of the present invention. They are standard compo-
nents which one of ordinary skill in the art would
clearly recognize as being necessary or desirable
in order to consiruct a functional rotary engine.
They have not been described in detail as their
construction and operation are considered to be
well within the skill of one of ordinary skill in the
art.

While the present invention has been de-
scribed in connection with an exemplary embodi-
ment thereof, it will be understood that many modi-
fications and variations will be readily apparent to
those of ordinary skill in the art. This application
and the following claims are intended to cover
those modifications and variations.

Claims

1. A power transfer mechanism for a rotary
engine having first means carrying a first pair of
diametrically aligned pistons, second means carry-
ing a second pair of diametrically aligned pistons,
said first and second pairs of pistons cooperating
to define a plurality of combustion chambers,
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means for causing combustion in said combustion
chambers such that said first and second means
are alternately driven, and a drive shaft; said power
transfer mechanism comprising:

first power transfer gear means connected to said
first means for transferring power to said drive
shaft when said first means is driven; and

second power transfer gear means connected to
said second means for transferring power to said
drive shaft when said second means is driven.

2. The power transfer mechanism of Claim 1
wherein said drive shaft has a toothed portion and
wherein each of said power transfer gear means
includes a gear having toothed and non-toothed
portions such that when said first means is driven,
said toothed portion of only the first transfer gear
meshes with said toothed portion of said drive shaft
and when said second means is driven, said tooth-
ed portion of only the second transfer gear meshes
with said toothed portion of said drive shaft.

3. The power transfer mechanism of Claim 2
wherein said transfer gear meshing with said teeth
of said drive shaft travels at a greater speed that
said non-meshing transfer gear such that the non-
toothed portions of said transfer gears apppear to
have a number of imaginary teeth equal to the
number of teeth in said toothed portions of said
transfer gears.

4, The power transfer mechanism of Claim 3
wherein the number of teeth plus the number of
imaginary teeth of one of said transfer gears di-
vided by the number of teeth of said drive shaft
provides a gear ratio, and wherein the number of
combustions necessary to maintain a desired num-
ber of revolutions of said draft shaft per minute are
variable by changing said gear ratio.

5. The power transfer mechanism of Claim 3
wherein said transfer gear meshing with said teeth
of said drive shaft travels at twice the speed of said
non-meshing transfer gear, and wherein said non-
toothed portions of said transfer gears include dia-
metrically opposed non-toothed portions each of
which occupies one-sixth of the circumference of
said transfer gears.

6. The power transfer mechanism of Claim 5
wherein said toothed portions of said transfer gears
each include forty teeth and wherein said non-
toothed portions of said transfer gears each include
forty imaginary teeth.

7. The power transfer mechanism of Claim 1
wherein said rotary engine additionally comprises
controller means connected to said first and sec-
ond means for regulating the positions of said pairs
of pistons.

8. The power transfer mechanism of Claim 7
wherein said controller means includes a cam sur-
face and a cam follower, said cam follower includ-
ing first, second, third, and fourth rollers intercon-
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nected by first, second, third, and fourth members
to form a four-sided cam follower with one of said
rollers at each of the corners thereof, and wherein
said first and third members are connected to said
first means and said second and fourth members
are connected to said second means.

9. The power transfer mechanism of Claim 8
additionally comprising spring means carried by
said first, second, third and fourth members for
urging said first, second, third and fourth rollers
against said cam surface.

10. The power transfer mechanism of Claim 8
wherein said cam surface includes a cam surface
defined by the intersection of two circles, the cen-
ter of each of said circles being displaced from
said other circle by a distance equal to the radius
of said rollers.

11. The power transfer mechanism of Claim 1,
wherein said means for causing combustion in-
cludes first and second spark plugs, a first ignitor
for firing said first spark plug in response to the
angular position of said first means, and a second
ignitor for firing said second spark plug in response
to the angular position of said second means.

12. The power transfer mechanism of Claim 11
wherein each of said ignitors includes a capacitor
for storing an electric charge and a blade rotating
at the same speed as one of said first and second
means for periodically discharging said capicitor.

13. The power transfer mechanism of Claim 1
wherein said rotary engine additionally comprises
an adjustable check valve in communication with
one of said combustion chambers for automatically
relieving excess pressure.

14. The power transfer mechanism of Claim 1
wherein said first and second power transfer gear
means includes first and second puileys.

15. A rotary engine comprising:
an engine casing defining a cylindrical chamber
and having a plurality of openings;
inner and outer concentric shafts positioned within
said cylindrical chamber;

a first ring-shaped floor portion connected to said
inner shaft for rotation therewith and a second ring-
shaped floor portion connected to said outer shaft
for rotation therewith, said first and second floor
portions cooperating with said casing to define an
annular chamber;

a first pair of diametrically aligned pistons posi-
tioned within said annular chamber and connected
to said first floor portion;

a second pair of diametrically aligned pistons posi-
tioned within said annular chamber and connected
to said second floor portion, one piston of said first
pair of pistons and one piston of said second pair
of pistons cooperating to define a combustion
chamber;

means for supplying air and fuel to said combus-
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tion chambers;

means for supplying a spark to said combustion
chambers for causing combustion such that said
inner and outer shafts are alternately driven;
controller means connected to said inner and outer
shafts for regulating the positions of said first and
second pairs of pistons;

a drive shaft; and

a first power transfer gear connected to said inner
shaft for transferring power to said drive shaft when
said inner shaft is driven, and a second power
transfer gear connected to said outer shaft for
transferring power to said drive shaft when said
outer shaft is driven.

16. The rotary engine of Claim 15 wherein the
controller means includes a cam follower having
first, second, third, and fourth roliers interconnected
by first, second, third, and fourth members to form
a four-sided cam follower with one of said rollers at
each of the corners thereof, and wherein said first
and third members are connected to said inner
shaft and said third and fourth members are con-
nected to said outer shaft, and wherein the control-
ler means further includes a cam shaft defined by
the intersection of two circles, the center of each of
said circles being displaced from said other circle
by a distance equal to the radius of said rollers.
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