Description

- BACKGROUND OF THE INVENTION

The present invention relates to improvements
in internal combustion engines and, more particu-
larly, to improvements to internal combustion en-
gines of the rotary vee type, such as described in
U.S. Patent No. 4,648,358, issued March 10,1987
to the same inventors and entitled Rotary Vee
Engine. :

BRIEF DESCRIPTION OF THE PRIOR ART

In a conventional internal combustion engine,
pistons reciprocate in cylinders formed in a station-
ary cylinder block and combustion within the cyl-
inders is timed to cause the pistons to turn a crank
shaft from which power is delivered from the en-
gine. While engines of this type are the most
common type of engine currently in use, it has
been recognized that such engines are inherently
subject to a problem that lowers the efficiency of
the engine. In particular, the reciprocation of the
piston involves a sequence of accelerations of each
piston from rest followed by a declaration of each
piston to rest. The work that is done on the pistons
during these accelerations and decelerations is not
recovered so that the energy, provided by the fuel
used in the engine, necessary to perform this work
results in an overall loss of efficiency of the engine.

Because of this loss of efficiency in a conven-
tional engine, other types of engines have been
considered as possible candidates for replacing the
conventional engine. One such type of engine is
the rotary vee engine which includes two cylinder
blocks mounted in a housing for rotation about
intersecting axes that are angled toward one side
of the engine. Cylinders are bored into each of the
cylinder blocks from the end which faces the other
cylinder block and the engine is further comprised
of a plurality of pistons, angled in the same manner
that the rotation axes of the cylinder blocks are
angled, so that one portion of each piston can be
extended into a cylinder in one cylinder block and
another portion of the piston can be extended into
a corresponding cylinder in the other cylinder
block. Thus; .as the cylinder blocks rotate, the pis-
tons orbit about the rotation axes of the cylinder
blocks to vary the free volumes of the cylinders in
the cylinder blocks. This is, when a piston is on the
side of the engine away from which the rotation
axes of the cylinder blocks are angled, only a small
part of each piston will extend into each of the
cylinders, in the two cylinder blocks, in which the
piston is mounted while major portions of each
piston are disposed in the two cylinders in the two
cylinder blocks when the piston is moved to a
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position at the side of the engine toward which the
two rotation axes of the cylinder blocks are angled.
Thus, compression and expansion of gases in the
cylinders can take place with a continuous motion
of both the cylinder blocks and the pistons to
eliminate the loss of efficiency of a conventional

" engine that has been described above.

In practice, the rotary vee engine has not lived
up the expectations that inventors have had for
such engines. Because of the angled disposition of
the rotating cylinder blocks and the firing of each
cylinder at one side of the cylinder block, forces
which tend to spread the two cylinder blocks into a -
straight line; that is, out of the vee configuration,
are exerted on the cylinder blocks and such forces
result in drag between the pistons and cylinder .
blocks that interferes with the operation and effi-
ciency of the engine. Because of this problem,
rotary vee engines have not enjoyed much success

- despite the promise that they hold and, indeed, it

has been found that an engine constructed in the
rotary vee configuration will often not even operate
because of these problems that are inherent in the
rotary vee configuration.

The rotary vee engine described in Patent No.
4,648,358 solves the basic problems that have
plagued the rotary vee engine in the past and
provides the operability that is necessary to éxploit
the advantages that are offered by engines of this
type. As set forth in Patent No. 4,648,358, an
operable rotary vee engine can be constructed by
including in the. engine an angled support shaft
having portions that extend through the cylinder
blocks along the axes of rotation of the cylinder
blocks and having ends that are both supported by
a housing in which the cylinder blocks are dis-
posed. Bearings on the support shaft are located
near each end of each cylinder block to transmit
the forces that tend to spread the cylinder blocks
out of the rotary vee configuration to the housing
and thereby avoid any misalignment of the cylinder
blocks that can, experience has shown, prevent the
engine from operating. Other aspects of the engine
which substantially improve on prior rotary engine
designs are also described in Patent No. 4,648,358.

SUMMARY OF THE INVENTION

Continuing developments in the rotary engine
disclosed in Patent No. 4,648,358 have resulted in
substantial modifications and improvements which
enhance the utilization and operational characteris-
tics of the engine. One improvement of the present
invention is the redesign of engine components to
provide the engine with dual output shafts without
diminishing the strength or efficiency of the engine.
In another aspect of the invention, the components
of the engine have been redesigned to improve the
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. sealing characteristics of the engine. Engine effi-
" ciency is enhanced by these sealing features which
maintain the necessSary separatlon between the
cooling air, airfuel mixture and exhaust gases in
the engine. Provisions are also made for the selec-
tive cooling of the exhaust gases by the cooling air,
~ for environments where a substantially reduced
temperature of the exhaust gases.provides sub-
stantial operational advantages Improvements in

the design and operation of the spark ignitior’ Sys- :

tem have also been accomplished.

. The present invention provides a rotary vee
engine comprising: a housing having outer ends;
two cylinder blocks each. having inner and outer
ends and mounted in the ‘housing for rotation of
one cylinder block about a first rotational axis and
rotation of the other cylinder block about a second
rotational axis, said axes being angled to intersect
adjacent the inner ends of said blocks at an in-
cluded angle less than one hundred and- eighty
degrees; each cylinder block having a plurality of
cylinders formed therein to intersect the inner end
of the cylinder block and to extend therefrom into
the cylinder block parallel to the rotational axis of
the cylinder block; a plurality of angled pistons
each having a portion disposed in a cylinder of one
block and -a portion disposed in a cylinder in the
other block for orbital motion of the pistons coor-
dinately with the rotation of the cylinder blocks; a
central bore formed through each of the cylinder
blocks along the rotational axis for the respective

cylinder block; hollow shaft means mounted in said -

central bore of each cylinder block for rotation in
response to the rotatiort of the respective cylinder
block; housing bearing means rotatably supporting
the hollow shaft means in the housing; an angled
support shaft which extends through the central
bores of each cylinder block within the hollow shaft
means; first support shaft bearing means mounted
on the portion of the support shaft means extend-
ing along said first rotational axis, said first support
shaft bearing means mounting the adjacent hollow
shaft means for rotation on said support shaft
means and rotatably and axially supporting the
adjacent hollow shaft means on said support shaft
means; and second support shaft bearing means
mounted on the portion of the support shaft means
extending along said second rotational axis, said
second support shaft bearing means mounting the
adjacent hollow shaft means for rotation on said
support shaft means and rotatably and axially sup-
porting the adjacent hollow ‘shaft means on said
" support shaft means; abutment means at the outer
ends of the support shaft means to fransfer axial
loads to adjacent support shaft bearing means; a
generally wedge shaped central cavity formed by
the housing betwsen the inner ends of the cylinder
blocks for receiving air/fuel mixture during opera-
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tion of the engine; generally bent axis cylindrical
wedge shaped stuffer block means fixed to the
central portion of the support shaft within the cen-
tral cavity of the housing and configured to occupy
substantially the entire space between the inner
ends of the cylinder blocks within the orbiting pis-
tons and confined by the housing to define a

. compressor section which compresses the air/fuel

mixture; air/fuel passage means formed in the stuff-
er block means. to receive airfuel mixture from the
central cavity and redirect the mixture axially to-
ward the cylinder blocks;. characterised in that a

" generally annular and multi-surfaced face is pro-

vided on the inner ends of each cylinder block; a
multi-stepped annular surface is provided on each
outer end of the stuffer block means which is
shaped to be within a close tolerance of a multi-

stepped annular surface on the adjacent cylinder- - - -

block to form a fiuid seal which prevents the sub-
stantial flow of air/fuel mixture between the meeting
faces as the cylinder blocks rotate with respect to
the stuffer block means during the operation of the
engine; a drive shaft bore is formed through the
housing at each outer end; the hollow shaft means
comprises at least two hollow drive shafts each
mounted in a different cylinder block and each
including an outer end which extends externally of
the housing through the adjacent drive shaft bore
and an inner end extending toward the inner end of *
the adjacent cylinder block; shoulder means is pro-
vided on the interior of each hollow drive shaft -

_engageable with adjacent support -shaft bearing

means to transfer axial loads between the hollow
drive shafts and the support shaft bearing means;
means is provided on the exterior of each hollow
drive shaft arranged to transfer axial loads from
each drive shaft to respective housing bearing
means; and the hollow drive shafts and the support
shaft means cooperate to provide the engine with a
dual output shaft system that supplies rotary power
at each end of the engine housing.

Thus an engine is provided with a dual output
shaft system that supplies rotary power at each
end of the engine housing and does not need the
securing of one end of the support shaft means to
the engine housing as shown in US 4648358.

Preferred arrangements of the invention are
described in claims 2 to 11 of the application.

Other developments have integrated into the
rotary vee engine a compact auxiliary electrical
power generating system which can be utilized to
recharge the battery and energize other electrical
components used to operate the engine. Alter-
natively, the auxiliary power generating system in-
corporated in the engine can be adapted to gen-
erate electrical power for driving auxiliary equip-
ment without detracting from the operational effi-
ciency of the rotary vee engine.
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Another aspect of the present invention relates

to improved piston design. As set forth above, the.

natural forces present in rotary vee engines create
a substantial force load on the pistons in a direction
transverse to the reciprocation of the pistons in the
engine. For example, in some environments, and
under certain loading conditions, it has been found

that these forces can be sufficiently substantial to’

cause the orbiting pistons to experience inertial
loads in the range of a 2500 g force at 5000 rpm.
Such a substantial load can create undesirable
increased friction between the pistons and the cyl-
inder, which reciprocate with respect to each other.
This substantial force tends to break down any
lubricating film barrier between the piston and the
cylinder. This invention provides pistons for use in
the rotary vee engine which substantially reduces

~ these loading problems.

A very significant further aspect of the present

invention relates to the improvements in engine

valving and scavenging operations. In accordance
with this invention, the engine components are ar-
ranged so that engine valving is controlled by a
unique rotary valve provided on the operating end
or piston head of each piston. This rotary valve is
coordinated with the relative rotation of the piston
in each cylinder, and with the porting of the engine,

-to control the flow of airfuel mixture and exhaust

gases through the engine. The rotary valve piston
head of this invention eliminates complicated valve

~actuation control mechanisms incorporated in many

engines of the prior art. The rotary valve piston
heads also control the flow of gases through the
engine so that the scavenging and operational effi-
ciency of the engine are improved.

The porting and rotary valve systems of this
invention are also integrated with an improved de-
sign for the engine air intake and exhaust man-
ifolds. The improved manifolding recognizes and
takes advantage of the centrifugal forces which are
inherently applied to any gases flowing through a
rotary vee engine. The present manifolding system
utilizes the differential effect of centrifugal forces
on the relatively heavy airffuel mixture and the
relatively light exhaust gases to maintain the gases
in a generally stratified condition in the cylinders to
enhance scavenging. The disadvantageous admix-

ture of air/fusl gases and exhaust gases caused by -

the swirling effect of centrifugal force on the gases
in rotary vee engines having earlier porting, valving
and manifolding designs has therefore been sub-
stantially reduced or overcome.

"In general, the improved manifolding system
cooperates with other engine components to super-
charge the airffuel mixture in an intake manifold
with a combination of pressure and centrifugal
forces. The intake manifolding is arranged to main-
tain this supercharged airfuel mixture in a chamber
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portion of the manifold that is radiafly outward of
each rotating piston and cylinder combination. The
supercharged manifold pressure, aided by the cen-
trifugal forces created by the continued rotation of
the manifolds in the cylinder blocks, causes the
relatively heavy airfiuel mixture to be rapidly

" charged into and maintained under pressure in this

radial outward chamber portion of the manifold
associated with each cylinder.

The rotary valving piston heads and porting
system of the engine cooperate with the intake
manifold to admit the airfuel mixture at the se-
lected time into the engine cylinders. In this aspect
of the invention, the airffuel mixture is charged into
the cylinders through intake ports in a radially
inward direction by the application of sufficient
supercharged pressure on the airffuel mixture to
overcome the outwardly directed centrifugal forces
being applied to the mixture. Centrifugal force con-
tinues to be applied to the airfue! mixture in the
cylinders, and thereby causes the relatively heavy
airffusl mixture to remain at or move toward the
radial outward portion of the cylinders. The centri-
fugal forces are also applied to, but have less
effect, on the relatively lighter burned exhaust gas-
es. Hence, the exhaust gases will tend to occupy
the radial inward portion of the cylinders, and will
be continuously forced in the inward direction by
the pressurized and expanding relatively heavy
air/fuel mixture being directed radially inwardly into
the cylinders. This invention therefore maintains the
two gases in the cylinders in a generally stratified
condition, and causes the incoming airffust mixture
to scavenge the burned exhaust gases by directing
the exhaust gases radially inwardly into a condition

for exhausting from the cylinders.

The exhaust porting and ‘manifolding systems
of this invention are arranged to direct the exhause
gases in a radial inward direction from the engine
cylinders. The exhaust ports are placed in the
radially inward portion of the cylinder, and the
exhaust manifold is placed radially below the ex-
haust ports. The opening of the exhaust ports by
the operation of the rotary piston valves thus allows
the pressure of the supercharged air/fuel mixture to
overcome the centrifugal forces on the exhaust
gases to discharge the exhaust gases radially in-
wardly into the exhaust manifold. The exhaust
manifold is also designed to promptly reverse the
direction of flow of the exhaust gases to discharge
the exhaust gases outwardly into an external ex-
haust manifold. This flow and scavenging of the
gases enhances the operational efficiency and out-
put of the engine. o

Other objects, features and advantages of the
engine of the present invention will become clear
from the following detailed description of the en-
gine when read .in conjunction with the drawings
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and appended claims.

BRIEF DESCRIPTION OF THE.DRAWINGS

FIGURE. 1 is a top extemnal plan view of a
rotary vee engine constructed in accordance with
this invention.

. FIGURE 2 is an end view of the engine taken
along the line 2-2 in FIGURE 1 showing the cooling

. air intake and the'cooling air and exhaust pottions

of the housing.
FIGURE 3 IS a partlal elevatlonal view of the

. engine as_viewed along_the line 3-3 showing the

cooling air and exhaust manifolds.

FIGURE 4 is a view of the engine along the
line 4-4 in FIGURE 2, showing the cylinder blocks
in place with the top part of the engine housing
removed.

FIGURE 5 is a sectlonal view of the end of the
cylinder housing and-cylinder block, as seen along

the line 55 in FIGURE 4, shown with the top

housing portion in place.

FIGURE 6 is a removed plan view of one
embodiment of a piston incorporated into the en-
gine.

FIGURE 7 is an elevational view, partly in sec-
tion, showing the central shaft assembly and stuffer
block incorporated into the engine.

FIGURE 8 is a cross-sectional view of the
stuffer block and shaft assembly taken along the
line 8-8 in FIGURE 7.

FIGURE 9 is an enlarged view of the engine as
shown in FIGURE 4 with the cylinder blocks and
hollow shafts of the shaft assembly shown in cross-
section.

FIGURE 10 is an enlarged cross-sectional view
of the left-hand cylinder biock as shown in FIGURE
9, showing the arrangement of the pistons in the
cylinder block and the mounting of the cylinder
blaocks on the support shaft.

* FIGURE 11 is an enlarged cross-sectional view
taken along the line 11-11 in FIGURE 10 showing
the arrangement of the bearings for mounting the
support shaft in the housing and for mounting the.
hollow shafts on the central solid shafts.

FIGURE 12 is a cross-sectional view of the
engine similar to FIGURE 9 .illustrating the oiling
system incorporated in the engine in accordance
with this invention.

FIGURE 13 is an elevational view, in partial
section, of a light-weight and low inertial load pis-
ton which can be incorporated into the engine.

FIGURE 14 is a cross-sectional view of the left
end of the engine, taken along the fine 14-14 in
FIGURE 15, illustrating the starter system which
can be incorporated into the engine.

FIGURE 15 is a cross-sectional view of the
engine starter system taken along the line 15-15 in
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FIGURE 14. :

FIGURE 16 is a cross-sectional of one end of
the enginé itlustrating the magneto system which
can be readily provided to operate the spark igni-
tion of the engine.

FIGURE 17 is a cross-sectional view of the
engine taken along the line 17-17 in FIGURE 16.

FIGURE 18 is a cross-sectional view of one
end of the engine illustrating the incorporation of an
alternator in the engine for ‘generating electrical
power to operate the engine and/or to provide an
auxiliary power source. ' _

FIGURE 19 is a cross-sectional view of the
engine taken along the line 19-19 in FIGURE 18.

FIGURE 20 is a removed partial sectional view
taken along the line 20-20 in FIGURE 10, showing
the conductor contacts included in the engine to

fire the spark plugs. _

FIGURE 21 is a cross-sectional view of the

. conductor contacts taken along the line 21-21 in

FIGURE 20.

FIGURE 22 is a cross-secuonal view, taken
along the line 22-22 in FIGURE 10, showing the
exhaust manifold portion of the engine.

FIGURE 23 is a sectional view of the exhaust
manifold, taken along the line 23-23 in FIGURE 22.

FIGURE 24 is a timing diagram relating to the
engine, showing the functions of the engine in
relation to the rotational position of each piston. '

FIGURE 25 is a cross-sectional view of the
airffuel intake manifold portion of the engine, taken

- along the line 25-25 in FIGURE 10.

~ FIGURE 26 is a partial plan view of a cylinder
sleeve in the engine illustrating the preferred ar-
rangement for the intake and exhaust ports.

- FIGURE 27 is a cross-sectional view of the
cylinder sleeve taken along the line 27-27 in FIG-
URE 26.

FIGURE 28 is a perspective view of the end of
the piston illustrating the preferred arrangement for
the rotary valving head provided on the end of
each piston in accordance with this invention.

FIGURE 28A is a top view of the piston head
shown in FIGURE 28.

FIGURE 28B is a side view of the piston head
as viewed along the line B-B in FIGURE 28A.

FIGURE 28C is a side view of the piston head
as viewed along the line C-C in FIGURE 28A.

FIGURE 28D is a side view of the piston head
as viewed along the line D-D in FIGURE 28A.

FIGURE 28E is a side view of the piston head
as viewed along the line E-E in FIGURE 28A.

FIGURE 29A is a removed partial sectional
view of the combustion chamber portion of a cyi-
inder and piston assembly in accordance with this
invention shown at the initial stages of the intake
and supercharging portion of the engine cycie.
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FIGURE 29a is a cross-sectional view taken
along the line a-a in FIGURE 29A.

FIGURE 29B is a removed partial sectional
view of the combustion chamber portion of a cyl-
inder and piston assembly shown at the conclusion
of the compression portion of the engine cycle.

FIGURE 29b is a cross-sectional view taken
long_ the line b-b in FIGURE 28A.

FIGURE 29C is a removed partial sectional
view of the combustion chamber. portion of a cyl-
inder and piston assembly shown at the ignition
point of the engine cycle.

FIGURE 29c is a cross-sectional view taken
along the line c-c in FIGURE 29C.

FIGURE 29D is a removed partial sectional
view of the combustion chamber portion of a cyl-
inder and piston assembly shown during the power
stroke of the engine.

FIGURE 29d is a cross-sectional view taken
along the line d-d in FIGURE 29D.

FIGURE 29E is a removed partial sectional
view of the combustion chamber portion of a cyi-
inder and piston assembly shown during the ‘con-
tinuing -stages of the power stroke and the initial
stages of the exhaust portion of the engine cycle.

FIGURE 29e is -a cross-sectional view taken
along the line e-¢ in FIGURE 29E.

FIGURE 29F is a removed partial sectional
view of the combustion chamber portion of a cyl-
inder and piston assembly shown during the end-
ing stages of the power stroke and the continuing
stages of the exhaust.portion of the engine cycle.

FIGURE 29f is a cross-sectional view taken
along the line #-f in FIGURE 29F.

FIGURE 29G is a removed partial sectional
view of the combustion chamber portion of a cyl-
inder and piston assembly shown during the initial
stages of the scavenging portion of the engine
cycle.

FIGURE 29g is a cross-sectional view taken
along the line g~g in FIGURE 29G.

FIGURE 29H is a removed partial sectional
view of the combustion chamber portion of a cyl-
inder and piston assembly showing the final stages
of the scavenging portion of the engine cycle.

FIGURE 29h is a cross-sectional view taken
along the line h+h in FIGURE 29H..

FIGURE-291 is a removed partial sectional view
of the combustion chamber portion of a cylinder
and piston assembly showing the return of the
engine to the intake and supercharging portion of
the engine cycle, as shown in. FIGURE 29A.

FIGURE 29i is a cross-sectional view taken
along the line i-i in FIGURE 201.
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'DETAILED DESCRIPTION OF THE DRAWINGS -

The engine 100 illustrated in the drawings is a
twelve cylinder engine incorporating several modi-
fications and improvements, in the engine illus-
trated in Patent No. 4,648,358, as will be described
in detail hereinbelow.

The engine 100 includes a split housing 200
which is formed from two cast aluminum sections.
As seen in FIGURE 2, the upper housing section
202 and the lower housing section 204 are fas-
tened together by means of flanges provided along
the mating edges of the housing sections. Only the
lower housing section 204 is shown in FIGURES 4
and 9. Each housing section 202 and 204 also
defines end sections which are positioned at a
selected angle and joined at the center fine C of
the engine 100. Where appropriate, the left end
sections of the housing 202 and 204 are designed
202L and 204L, and the right end sections are
designated 202R and 204R, respectively. The left
housing section L is essentially a mirror image of
the right housing section R of the same housing
section 202, 204. The left holisings define a central
axis of rotation A_, and the right housings likewise
define a central axis of rotation Ag. The axes of
rotation intersect at a selected angle X along the
center line C of the engine 100. Angle X is less
than 180° and greater than 90°.

As seen in FIGURES 1 and 4, each housmg
section 202, 204 is formed to define a series of-
internal cylindrical cavities of differing shapes and
diamseters when the upper and lower housing sec-
tions are joined. Accordingly, the outer end of each
housing end section (2021, 202R, 204L and 204R)
provides an enlarged semicircular cavity 206.
When the upper and lower housing sections are
joined, the cavities 206 mate to form a cylindrical
air cooling chamber at each end of the engine 100.
The air cooling chamber formed by the mating
cavities 206 receives a major portion of the cyl-
inder head assembly of the engine 100 as de-
scribed further below. .

As shown in FIGURE 2, and as further de-
scribed in detail in Patent No. 4,648,358, the outer
ends of each housing section" 202 and 204 also
include a semi-circular opening 208 concentric with
the respective housing axes A, and Ar. When the
housing sections are joined together the openings
208 form an annular air intake port through which
cooling air can be drawn axially into each cavity
206 in the ends of the engine by the rotary action
of the cylinder assemblies in the housing 200.
Adjustable louvers 207, as seen in FIGURE 2, are
provided in each of the openings 207 to allow the
volume of the intake of cooling air to be adjustably
controlled. These louvers 207 can be adjusted
manually or through some remote or automatic
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. means, not shown. )

The cooling -air whnch is drawn in axially
through the openings 208 in the housing 200 is
directed radially outward by the rotary motion of
the cylinder blocks. A substantial centrifugal force
is thereby imparted to the. cooling air. As seen in
FIGURES 9 and 10, the cylinder. blocks are pro-
vided with spaced radial fins, openings between
_the cylinders in the cooling ‘chamber 206, and an
-annular central chamber. As a result of this con-
‘struction, the radial air flows by and cools the
cylinders provided in the cylinder blocks by mov-

. ing outwardly between the cooling fins, and thereby

dissipates the heat created by the operation of the
engine 100. As seen in FIGURES 2 and 3, the
housing sections 202, 204 in this cooling section of
the engine are cast to define an expanding torus-
shaped air chamber 205 to direct the cooling air in
an expanding volume to a cooling air discharge
port 209. The air outlet port 209 allows the cooling
air to be discharged from the air cooling cavity 208
into the surrounding atmosphere. Adjustable
louvers 209L, as shown in FIGURE 3, can be
provided in the air outlet port 209 to allow further
control over the flow of the cooling air through the
.engine 100.

The intermediate portion of each housing sec-
tion 202, 204 also defines an exhaust ring 210 in
the housmg 200. The exhaust ring made up of the
mating cavities 210 is in fluid communication with
the exhaust ports in sach cylinder of the engine
100. As shown in .FIGURES 2, 3 and and 23, the
exhaust ring 210 is adjacent the cooling air cham-
ber 206 and has a similar expanding torus shape to
facilitate the removal of the exhaust gases from the
engine. The exhaust ring 210 also includes an
outlet opening 211 in the wall of the housing which
leads to a suitable exhaust manifold. The exhaust
ting in each engine section 202, 204 thus functions

to collect the exhaust gases from each adjacent

cylinder during the operation of the engine.
A divider wall 213 can be provided in the
housing 202L to separate the discharging cooling

air from the exhaust gases. This arrangement is’

particularly appropriate when the cooling air cham-
‘ber 210 is provided with the adjustable louvers
209L. if desired for particular engine applications,
the divider wall 213 can be eliminated so the
exhaust gases are mixed with and are cooled sub-
stantially by the exiting cooling air. A second small-
er divider wall 217 is also formed in the exhaust
chamber 210 to block the exhaust gases from the
inner portions of the engine containing the airffuel
mixture. (See FIGURE 23).

" The exhaust cavity 210 in @ach engine section
202, 204 is sealed from the inner ends of each
engine section by a sealing ring 212. Each ring 212
is positioned within the respective housing section
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.comprises an
through the outer end of each housing section 202,

202, 204 on the outside of a roller bea}ihg 216. The

. bearings 216 function to stabilize the rotation of

inner end of the adjacent cylinder block within the
housing 200, as described further below. The seals
212 function to create a seal between the adjacent
rotating cylinder block and the housing 200, to
prevent the exhaust gases from moving further

- inwardly between the cylinder block and the hous-

ing toward the center line C of the engine 100.

The central portion of the housing sections
202, 204 between the bearings 216, and centered
in the center line C, defines a bent axis cylindrical
wedge-shaped chamber 218 into which air fuel
mixture is supplied to the engine 100. The seals
212 and the divider wall 217 operate to seal the
exhaust ring portion 210 of the engine from thls air-
fuel chamber 218. . :

The side 220 of the housing 200 toward whlch--- =
the axes A. and Ar are angled (the top side in
FIGURE 1) comprises the top-dead-center. side for
the engine 100. The opposite side 222 (the lower
side in FIGURE 1) comprises the bottom-dead-
center side. Each piston 600 in the engine 100 is
fired a few degrees of rotation in advance of reach-
ing the top-dead center side 220 during the opera-
tion of the engine. Accordingly, the outer end of
each housing section 202 and 204 include a spark
plug contactor assembly 224 positioned closely
adjacent the top-dead center side 220. As shown in"
FIGURES 20 and 21, the contactor assembly 224
insulator sleeve 226 extending

204 slightly below the flanges provided to join the
two housing sections together. An electrical con-
ductor 228 extends through the. insulator sleeve
226 and terminates in an arcuate electrical contact
230. The conductors 228 and contacts 230 are
connected to an ignition system, such as magneto
system (See Figs. 14 and 15) which produces a
timed high-voltage spark to fire the spark plugs on
the associated cylinder block assembly as the
plugs are sequentialty rotated into closs proximity
to the contacts 230. The spark plug contactor as-
semblies 224 and the ignition system are arranged
so that the spark plugs slightly in advance of the
top-dead center position for both cylinder and as-
semblies are fired simultaneously. As seen in FIG-
URES 20 and 21, this advanced spark arrangement
is.caused by providing sach electrical contact 230
with a selected arcuate length, so that each rotating
spark plug S is in a position to be energized by the
contact 230 a selected degree 'Y' in advance of
reaching the top dead center position.

 Each of the housing sections 202 and 204 also
include bearing supports for receiving and support-
ing the shaft assembly of the engine 100. As
shown in FIGURES 9, 10 and 11, the outer end of
each housing section 2021, 202R and 204L, 204R
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is provided with a semicircular inner bore 240 and
an enlarged semicircular outer bore 242. Each bore
240, 242 is in axial alignment with the respective
axes AL or Ag of the related housing section 202,
204. When the mating housing sections 202 and
204 are joined the bores 240, 242 form circular
apertures which are adapted to receive a combined
roller and thrust bearing 244. Additional recesses
formed in the housing adjacent the bores 240, 242
are adapted to contain an inner O-ring type seal
246 and an outer O-ring type seal 248. The bear-
ings 244 receive and support a hollow shaft portion
412 of the engine shaft assembly 400 on the ends
of the housing sections 202 and 204 while the
seals 246 and 248 seal the shaft assembly and the
housing 100 from the exterior surroundings.

The bearings 244 also will absorb thrust loads
transmitted to the bearings from either direction by
the external loads on the engine. As seen in FIG-
URES 9, 10 and 11, the thrust loads are transferred
to the thrust bearing 244 in the outer direction by
means of a shoulder 418 provided on the hollow
shaft 412 to abut against the bearing 244. Inward
thrust loads are transferred to the bearing 244 by a
thrust sleeve 220 that is pinned, such as by a rivet
219, to the outside of the hollow shaft 412 in
abutment with the outside of the bearing 244.

~ As seen in FIGURES 4 and 9, the left housing
portions 202L, 204L house a cylinder block 250L,
and the right housing portions. 202R, 204R likewise
houses a cylinder block 250R. The cylinder blocks
250L, 250R are mirror images. of each other.
Hence, identical features and components have
been designated by the same reference numerals.

Each cylinder block 250L, 250R is generally cylin-

. drical in shape, and includes an interior end posi-
tioned adjacent the center line C of the engine 100
when the engine is assembled in the housing 200.
The exterior end of each of the cylinder biocks
2501, 250R is positioned adjacent the outer ends of
the housing 200, as shown in FIGURE 4. The left
cylinder block 250L is centered about the rotational
axis A, and the right cylinder block 250R is cen-
-tered about the rotational axis Ag. '

As further seen in FIGURES 4.and 9, the

interior end of each of the cylinder blocks 250L and

250R includes an annular beveled surface 252 de-
fined in the outer radial portion of the cylinder
blocks. The beveled surfaces 252 on the. cylinder
blocks 250L, 250R are axially spaced by a sub-
stantial distance at the bottom-dead—oenter side
222 of the engine. In contrast, the two beveled

surfaces 252 are in a close sealing relationship at

the top-dead-center side 220 of the engine. The
parts are'machined to allow for heat expansion so
that the beveled surfaces 252 do not bind at this
top-dead-center side 220. In operation the surfaces
' 252 rotate approximately a few thousandths of an
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inch apart at the top-dead-center side 220. The
surfaces 252 will thereby form an effective seal
which will assist in containing the air/fuel mixture in
the central chamber 218 of the engine housing
200. A second annular surface extends radially
inwardly from the beveled surface 252 toward the
center of rotation of each cylinder block 250L,
250R.

As shown in FIGURE 9, the second annular
surface is a multiple-stepped surface, including the
steps 256 and 258. The stepped surfaces 256,258
are designed to receive complimentary stepped
surfaces 502 and 504, respectively, on the end of a
stuffer block 500 positioned in the center of the
engine 100, as shown in FIGURES 7 and 8. The
mating stepped surfaces on the cylinder blocks
250L, 250R and stuffer block 500 will operate to
impede the escaps of airfuel mixture from the
central portion of the engine 100. The complemen-
tary stepped surfaces are spaced sufficiently close
to prevent any substantial gas flow, but are spaced
apart sufficiently so that heat expansion wiil not
cause binding of the cylinder blocks and stuffer
block 500 during the operation of the engine 100.

The exterior end of each cylinder block 250L -
and 250R includes an central opening 260 which
provides the exterior end of each block with an
annular opening. A plurality of coaxial rings 262 on
the annular exterior end of the cylinder blocks and
the annular interior of the opening 260 provide air .
cooling surfaces and pathways for the cylinder
blocks during the operation of the engine. To ac-
complish this arrangement, the cylinder block 250L
and 250R are cast to provide radial openings be-
tween the rings 262 in the portions of the blocks
between the cylinder and piston assemblies.

As seen in FIGURES 4 and 23, a portion of
each cylinder block 250L, 250R is formed to define
an exhaust chamber 270 for each engine cylinder
300. Each chamber 270 is axially aligned with
radially inward exhaust ports 302 in each cylinder
300, so that the spent combustion gases are di-
rected from each cylinder in a radially inward direc-
tion into the associated chamber 270. As seen in
FIGURE 22, the exhaust chambers 270 are then
curved to extend in an arcuate and expanding

" fashion to.the periphery of the cylinder block 250L,

250R between the cylinders 300. The chambers
270 are thereby placed into fluid communication
with an adjacent exhaust cavity 210 of the housing

- 200, which in turn is in communication with an
- exhaust manifold, not shown. The operation of the

engine maintains the exhaust gases under pressure
so that the gases, which were’ initially directed
radially inward, are rapidly redirected in a radially
outward direction from the exhaust chambers 270
into the exhaust cavities 210 in the housing 200,

and then out through the exhaust manifold.
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The interior ends of each cylinder block 250L,
250R are cast to provide the cylinder block with an
axially and radially extending cavity that defines an

airffuel intake manifold 280 for each cylinder 300A- |
F. As .shown in FIGURES 9, 10 and 25, each .

manifold 280 is provided .with evenly spaced axial

. fins 282 which assist .in -imparting a substantial
rotational and centrifugal force to the airffuel mix-
ture’ passing through each manifold 280.

_ The interior ends of each manifold 280 are
positioned toward the centerline C of the engine.
The interior ends of each manifold. 280 are open so

that each manifold is in fluid communication with

the airffuel chamber 218 defined in the central
portion of the housing .200. Each manifold 280
continues radially outwardly past the adjacent cyl-
- inder, and then extends axially outwardly along the
cylinder. The manifold 280 thereby defines an out-
er aitffuel inlet chamber portion 284 that is posi-
tioned radially outwardly of each cylinder 300.
Each inlet chamber 284 is in direct fluid commu-
nication in a radially inward direction with an airffuel
.inlet port 304 provided in each cylinder 300. The
airffuel mixture is directed, by pressure forces cre-
ated by the rotation of the cylinder blocks, from the
central airfuel chamber 218 into the manifolds 280.
The fins 282 in the manifolds 280 impart additional
velocity to the air/fuel mixture so that the mixture is
forced radially outward under high pressure into

the inlet chambers 284. The airffuel mixture  is .

thereby positioned radially outwardly of the engine
cylinders 300. This. airffuel charge is subjected to a
supercharged pressure which is sufficient to over-
come the centrifugal forces. working on the charge
in order to force the charge into the engine cyi-
inders 300 through the associated intake ports 304.

As seen in FIGURES 7 and 9, the stuffer block
500 is a cast member, made from lightweight alu-
minum or other suitable material, such as a light-
weight plastic. In the preferred arrangement, the
stuffer block 500 is formed or cast in place on the
solid shafts 402l and 402R, at the vee-shaped
junction of the shafts, as shown in FIGURE 7. The
left and right faces of the stuffer block 500 are
formed to have a cylindrical configuration which
includes the above-described steps 502 and 504.
The central body of the stuffer block is formed in
the shape of two intersecting truncated cylinders

506L and 506R, which provide the central portion -

of the stuffer block 500 with a generally wedged
shape.

As shown in FIGURE 9, the stuffer block 500 is
designed to be positioned within the central space
218 of the engine 100 between the rotating cylinder
blocks 250L and 250R and inside of the rotating
pistons 600. The portions 506L and 506R of the
stuffer block are dimensioned so that they extend
between the cylinder blocks 250l and 250R. The
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periphery of the stuffer block 500, on the side

- adjacent the top dead center side 220 of the en-

gine, is provided with a bent-axis cylindrical and

‘wedge-shaped cavity 510. This cavity is in fluid

communication with the central opening 218 de-
fined in the housing and is adapted to receive the
airffuel mixture- being fed into the engine 100
through a suitable carburetor inlet 210 (see FIG-

-URE 1). As shown in FIGURE 8, this cavity 510

extonds transversely ‘from the periphery of the

. stuffer block 500 past the central portion of the

stuffer block. A pair of axial and arcuately shaped
passageways 508L and 508R are provided in the
stuffer block to bring the cavity 510 into fluid com-
munication, in an axial direction along the length of
the shafts 402L and 402R, with the airfuel man-
ifolds 280 defined in sach of the rotating cylinder
blocks 250L 250R.

The stuffer block 500 and the solid shafts 402

and 402R are stationary during the operation of the
engine. As seen in FIGURE 9, the dimensions of

- the stuffer block place the block centrally in the

engine 100 so that the pistons 600 orbit around the
stuffer block within the central engine cavity 218.
Because of this arrangement, air/fuel mixture di-
rected into the stuffer block cavity 510 from a
carburetor system will be compressed and super-
charged in the cavity 510 by the rotary action of
the cylinder blocks 250L, 250R and the orbiting
action of the pistons 600 within the central cham-
ber 218. This supercharged air/fuel mixture will
then be directed axially out of the chamber 510

- info the air/fuel manifolds 280 in each.cylinder

block 250L, 250R through the passageways 508L,

'508R. The manifolds 280 then conduct the super-

charged airffuel mixture into the engine cylinders,
as described further below.

Each cylinder block 250L and 250R includes
six cast-in-place cylinder slesves 300A through
300F. As shown in FIGURE 5, these sleeves 300A-
F are uniformly spaced.in an annular arrangement
around the axis of rotation A_ and Ag of the cyk
inder blocks. Each cylinder sleeve 300 is prefor-
ably integrally cast within the cylinder block during
the aluminum casting operation. The interior end of
each cylinder sfeeve 300 is beveled, so that the
interior end of each sleeve will be in alignment with
the beveled surface 252 on the respective cylinder
block 250L, 250R, as shown in FIGURE 9. Each
sleeve 300 is axially aligned to be paraliel to the
respective axis of rotation A_ or Ag of the cylinder
block 250L or 250R. The sleeves 300A-F are fur-
ther positioned so that the sleeve 300A in cylinder
block 250L intersects with sleeve 300A in block
250R along the centerline C when the sleeves are
positioned at the top-dead center side 220 of the
engine. Moreover, each sleeve 300A-F in cylinder

block 250L is axially aligned with the corresponding
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sleeve 300A-F in the other cylinder block 250R
along centerlines which are paraliel to the angled
axes of rotation A, and Ap. Due to this alignment,
the centerlines of the aligned sleeves 300A-F in
cylinder 250L would intersect with the centerfines
of the sleeves 300A-F in cylinder 250R at the
engine centerline C. This alignment is maintained
through the rotation of the cylinder blocks 250L,
250R during the operation of the engins.

Each of the aligned cylinder sleeves 300A-F is
provided with a piston member 600 (see FIGURES
6 and 9). A solid embodiment for the piston 600 is
shown in FIGURE 6. The head or outer ends 602L
and 602R have a specifically programmed shape,
as oxplained in more detail below, so that the
heads 602L, 602R function as rotary valves during
the operation of the engine. One or more piston
rings 620 are provided in the piston adjacent each
head 602 to seal the compression/ignition chamber
defined at the ends of the piston in the conven-
tional manner. In accordance with this invention,
the intermediate portion of each piston 600 is. also
provided with a pair of spaced sealing rings 630.
These rings 630 function to seal each end of each

piston and cylinder sleeve -combination from the.

central air/fuel chamber 218 of the engine 100. The
rings 630 also act as 6il wiper and sealing rings to

prevent the leakage of lubricating oil into the -

airffuel chamber 218.

‘Alternatively, the functions of the piston rings
630 can be performed by a seal 640. As seen in
FIGURES 9 and 10, the seal 640 is an O-Ring type
seal mounted in the interior wall of each cylinder
300 adjacent the inner end of the cylinder.

_ As discussed above, a disadvantage of rotary

vee engines of prior designs was the tendency of
the two angled sections of the engine comprising
the cylinder blocks 250L, 250 to move toward a
straightened condition in response to the forces
created by the operation of the engine. The design
and operation of the support shaft assembly 400 in
accordance with this invention provides the engine
with a solid central member which resists and

overcomes this straightening force inherent in ro- -

tary vee engines. The operation of this support
shait assembly 400 allows the use of the solid
pistons 600, as described above, in many engine
applications-with normal ‘machine tolerances. be-
tween the pistons 600 and the associated cylinder
sleeves 300.

it has been found that the orbiting pistons in a
rotary vee engine experience intertial loads in the
range of 2500g at about 5000 rpm in some engine
configurations. This substantial loading tends to
break down the lubricating film barrier between the
pistons and the cylinders and cause an increase in

: friction in the engine. Therefore, in another aspect

of this invention the rotary vee engine can be
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provided with a piston ‘which substantially reduces
the effect of the centrifugal forces and inertial loads
applied to the pistons as the pistons orbit in the
cylinders during the operation of the engine. This
reduction in forces substantially reduces the bear-
ing loads between the pistons and the cylinder

" sleeves, so that friction and wear between the

piston and the cylinders are minimized.

FIGURE 13 illustrates an embodiment of an
improved piston 600A which incorporates these
features and advantages. The angled piston 600A
comprises a hollow tubular piston body 680L con-
nected at a selected angle to a second hollow
piston body 680R. The bodies 680L,R can be
formed by boring out a solid piston rod to have a
selected wall thickness which is uniform throughout
the axial length of the piston. A wall thickness in
the range of one-sigth to three-sixteenths of an
inch has been found sufficient to withstand the
forces applied to the piston in the engine. As seen
in FIGURE 13, the outer end of each piston body is
open. The resulting hollow piston 600A has low
weight and mass.

The piston 600A further includes a piston head
6021 fixed in the open outer end of the body 680L

- and a similar piston head 602R fixed in the open

end of the body B80R. Each head includes piston
rings 620, as described above. As further de-
scribed above, each piston can also be provided
with the second set of piston rings 630 as shown in
FIGURE 6. A wrist pin 640, or other suitable means
such as threads, can be used to secure the piston

_heads to the adjacent piston body.

Since the piston bodies 680L,R are hollow, the
weight and mass of the piston 600A is substantially
reduced. The centrifugal force and inertial loads on
the piston are accordingly reduced so that the
bearing loads between the piston and the cylinder
sleeve are minimized. The resultant wear between
the piston and the associated cylinder sleeve is
thereby likewise minimized.

The cylinder sleeves 300A-F terminate near the
exterior end of the cylinder blocks 2501, 250R. As
seen in FIGURE 9, cylinder heads 310 are formed
in the ends of the cylinder blocks 250L, 250R in
axial alignment at the outer end of each sleeve
300A-F. A spark plug S is provided in each cyl-
inder head 310 and arranged in the conventional-
manner so that the spark-gap end of the plug
extends into the interior of the associated cylinder
slesve 300A-F. The external end of each spark
plug S is positioned to rotate into close conductive
relationship to the fixed electrical contact 230. As
shown in FIGURES 20 and 21, each contact 230
has an arcuate shape that is positioned to be in
close relationship (..., by a gap of 0.030 inches) to
the rotating spark plugs S. The arc of the contact

. 230 extends from an advanced point, e.g., twenty-
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five degrees before the top dead center 220 of the
engine. The plugs S therefore 'ro'tate with the cyl-
inder blocks 250L, 250R, and dre fired a few de-
grees of rotation before the top-dead-center side
220 of the engine by electrical conductlon from the

- contacts 230.

- The engine 100 also includes an angled sup-
port shaft assembly 400. The assem_bly 400 sup-
ports the cylinder blocks 250L, 250R for rotation
within the housing 200 and provides the engine
100 with dual power output shafts. The left-hand
end of the shaft assembly 400 includes a solid
support shaft portion 402L, and the right hand end
likewise includes a solid support shaft portion

'402R. Each shaft portion 402L, 402R is concentric

with the respective axis of rotation A, Ag of the
related cylinder block 250L, 250R.

In the preferred embodiment, the shaft portions
402L, 402R comprise a solid shait that is pré-bent
to the desired angle. As shown in FIGURE 7,
stuffer block 500 is cast or otherside formed onto
the central portion of the bent shaft portions 402L,
402R and machined to the proper angle and con-

figuration. The shaft portions 402L, 402R and the .

stuffer block 500 thereby form a solid one-piece
support shaft structure which will resist the thrust
and bending forces created by the operation of the
engine 100. The interior end of each shaft 402L,
402R includes a slightly enlarged portion that re-
ceives a roller bearing 404.

As seen in FIGURES 4 and 9, the solid shafts

402L, 402R extend .outwardly to the ends of the
. respective housing 202L or 202R, so that the ends

of the shafts 4021, 402R will be supported by the
housings 200. The outer end of each support shaft
402, 402R also inciudes a reduced-diameter por-

-tion which will receive a comblned roller and thrust

bearing 406.

The shaft assembly 400 also comprises a pair
of hollow output shafts 412 and 412R. As shown
in FIGURES 4, 9 and 11, the hollow shaft 412L is
positioned over and concentric with the solid shaft
402L, and the hollow shaft 402R is positioned over

and concentric with the solid shaft 402R. In the

preferred arrangement the hollow shafis 412L,
412R are fixed to the associated cylinder blocks
250L, 250R by being cast or formed in place when
the aluminum cylinder block is cast. The hollow
shafts 4121, 412R are positioned in the blocks
250L, 250R to be parallel to the cylinder sleeves
300A-F and concentric with the respect«ve rota-
tional axis A, or Ag.

The inner end of the hollow shafts 412L, 412R
are closely adjacent the stuffer block 500, and
include bearing recesses 414. As shown in FIG-

~ URE 9, the bearings 404 are press-fit into the

recesses 414 so that the bearings 404 are carried
by the hollow shafts 412L, 412R. A ring seal 405 is
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11

also carried by the shafts on the inside of the
bearings 404 to seal against the stuffer block S00.
The interior ends of the cylinder blocks 250L, 250R
and the hollow shafts 412L, 412R .can thereby
rotate around the solid shafts 402L, '402R on the
bearings 404. Since bearings 404 are press-fit into

the recesses 414 they are restrained from axial

movement by friction and by a shoulder defined on
the shafts 412L, 412R by the recesses 414. The
bearings 404 are also restrained from inward move-

~ ment by the stuffer block 500.

The exterior ends of the hollow shafts 4121,

412R extend outwardly beyond the ends of the
solid shafts 402L, 402R and beyond the ends of
the housing 200. The combmed roller and thrust

_bearing 406 is press-fit into an internal bearing

recess 416 on the exterior end of each of the

URE 11. A shoulder formed by the recess 416
prevents inward movement of the bearing 406 and
transfers thrust loads to the bearing. Outward
movement of the bearings is precluded by retain-
ing plate 408 bolted to the shafts 402L, 402R by a
bolt 410. The bearings 406 thus support the ex-
terior end of the hollow shafts 412L, 412R and the
associated cylinder blocks 250L, 250R for rotation

about the solid shafts 402L, 402R. The bearings

406 transfer and absorb the axial thrust loads ap-

shafts 412L, 412R during the operation of the en-
gine 100. _
. As seen.in FIGURES 9-11, the bearings 244 in

‘each end of the housing 200 rotatably support the

hollow drive shafts 412L, 412R, and the drive shaft
assembly 400 on the housing 200. As described
above, a shoulder 418 on the hollow shafts 412L,
412R will transmit any outward thrust load to the
bearings 240, 244. Similarly, a sleeve 420 pinned
to the outer portions of the hollow shafts 412L,
412R will fransmit any inward thrust loads to the

bearings 244. The bearings 244 are thereby ar-

ranged to absorb any thrust loads transmitted to
the housing in either direction by external foads
croated by the operation of the engine.

The operation of the engine 100, and the re-
sulting rotation of the cylinder blocks 250L, 250R
creatos a rotary output driving force through the
connected hollow shafts 412L, 412R. Since both
shafts 412L and 412R extend beyond the housing
200, the engine 100 is thersby provided with dual
output drive shafts, with one drive shaft at each
end of the housing.

The dual output shafts 4121 and 412R provide

the engine 100 with substantial versatility. One

output shaft can be employed as the main output,
to drive a transmission or the like. The other output
shaft can be used simultaneously to power auxil-
iary equipment, such as a generator or the like.

‘hollow shafts 412L, 412R, as clearly shown in FIG- - - -

-plied to the cylinders 250L, 250R and the hollow
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Alternatively, the two shafts 412L and 412R can bs
coupled to similar transmissions, to drive similar
components, such as two separate drive wheels.

FIGURE 12 illustrates a dry sump oiling sys-
tem that can be incorporated into the engine 100
when the engine is not lubricated with an oiligas
mixture. This oiling system is designed to use the
centrifugal forces created by the operation of the
engine to distribute oil to ali necessary locations.
The oiling system preferably employs an oil injéc-
tion pump P, shown schematically in FIGURE 12,
to pump a selected quantity of oil per revolution
through the engine 100 from the oil sump S.

The components of the engine 100 which are
lubricated by the oiling system shown in FIGURE
12 are the rolier and thrust bearings 406, the outer
bearings 240, 244, the roller bearings 404, the

" inner bearings 216 and the surfaces between the

cylinder sleeves 300A-F and the pistons 600. The
inlet port 430 for the oiling system is provided at
one or both end of the engine 100 in fluid commu-
nication with the adjacent bearing 240. The bearing
240 is of the type that allows oil o flow radially
through the bearing races. The ports 430 are con-
nected to an external low pressure oil supply pump
(not shown).

The oil system further includes a radial bore
432 in the hollow shaft 412R and in the adjacent
portion of the solid shaft 402R. The bore 432R is
radially aligned with the port 430, and introduces
oil from the port 430 into the annular space 434R
between the solid shaft 402R and the hollow shaift
412R. The bore 432L likewise is aligned with the
adjacent port 420, and. directs oil into the annular
space or chamber 434R. The bore 432R also con-
nects the port 430 to a central oil bore 436 which is
drilled along the axis of thé solid shaft portion
412R. Another radial bore 438, positioned near the
center of the engine 100, is provided in the solid
shaft 412R to insure the fluid communication be-
tween the central bore 436 and the annular space
434.

As seen in FIGURE 12, the left solid shaft
portion 402L is also provided with a central bore
442 which extends into fluid communication with
the bore 438. A radial bore 444 extends from the

bore 442 into the annular space 434L between the
- hollow shaft 412L and the solid shaft 402L. The il

can thereby flow through the central bores 4386,
442 into the annular spaces 434L and 434R to
lubricate the bearings 404 and 406. Also, the radial
bore 432 in the hollow shafts 412L, 412R allow the

" oil to flow from the bearings 406 into the outer

bearings 240, 244. The plate 408 at the outer end
of each solid shaft 402L, 402R (See Fig. 11} main-
tains the bearmgs 4086 and the other components in
the proper position. As also seen in FIGURE 11,
the outer ends of the hollow shafts 412L, 412R also
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‘include an expandable oil plug 411 that seals the

ends of the hollow shafts to prevent oil leakage.
The oiling system further includes passage-

ways to direct oil to each of the cylinder sleeves

300A-F, to lubricate the pistons 600 reciprocating
within the sleeves. Accordingly, each cylinder block

- 2560L and 250R is provided with six radial oil chan-

nels 446. Each channel 446 extends radially from
the associated annular space 434L or 434R to one
of the cylinder sleeves 300A-F. The channels 446
extend through the sleeves 300A-F so that oil will
be introduced onto the inside surfaces of each
cylinder sleeve. As shown in FIGURE 12, the chan-
nels 446 are located at an intermediate point along
the length of the sleeves 300A-F. The lubricating
oil thereby remains below the combustion chamber
defined at the outer end of each sleeve.

Each sleeve 300A-F also includes an oil pas-
sagoway 448 radially positioned between the seal
212 and the roller bearing 216 on the same side of
the engine as the ports 430, to direct oil to the
bearings 216. The bearing 216 is also of the type
that allows oil to flow radially through the bearing
races. O-ring seals 212 on the side of the bearing
216 prevent the oil from leaking laterally from the
bearing 216. The oil is thus blocked from leaking
outwardly into the exhaust cavity 210 by the seals
212, and inwardly-into the air/fuel chamber 218 by
the seals 640 in the cylinder sleeves.

An oil outlet port 450 is provided in the housing
section 202 or 204 in alignment with each passage-
way 448. As shown in FIGURE 12, the ports 450
can be positioned at the same side of the engine
100 as the ports 430, or at other locations that
constitute the lowest point of the engine. Location
of the ports 450 at the lowest point, which depends
on engine orientation, will assist in the draining of
the oil from the engine into the external oil sump
(not shown).

The distribution of the oil throughout the above-
described system is assisted by the centrifugal
forces created by the operation of the engine 100.
As the engine operates and the cylinder blocks
250L and 250R rotate, oil is directed under low
pressure into the inlet port 430. The oil flows
through the bore 432 into the central bores 436,
440 and 442, and through the radial bores 438, 444
into the annular spaces 434L and 434R. The oil is
thereby directed to and lubricates the bearings 404
and 406.

The oil continues to flow radially from the

-spaces 434L, 434R through the channels 448 and

into each cylinder 300A-F. The radial channels 446
to the cylinders 300A-F can be small in diameter,
due to the effect of the centrifugal forces in the
engine. The friction surfaces between the pistons
600 and the cylinder slesves 300A-F will thereby
be lubricated by the oil. The centrifugal forces in
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the engine continues the flow of oil through the
radial outlet ports 450 in each sleeve 300A-F. The
oil thereby returns to the extemal oul storage sump,
from which it will be reclrculated through the en-
gine 100.

The sleeves 300A-F and the associated pistons

" 600 also include sealing rings to contain the oil in

the proper locations. As seen in FIGURES 6, 9 and
12, the outer ends of each piston 600 is provided
with a series of compression and sealing rings 620.

The illustrated embodiment includes three rings
620 on each end of each piston 600. The rings 620
~ function to prevent blow-by of the gases from the

combustion chamber in each sleeve 300A-F, and
also to prevent the leakage of lubricating oif into
the combustion chamber.

" Each sleave 300A-F also may be provuded with

" an inner or lower sealing ring 640, as a replace-

ment or supplement for the intermediate piston ring
630. Each ring 640 is mounted at or near the
lowest or innermost point on the sfeeve 300. This
arrangement allows for adequate lubrication be-
tween the pistons 600 and the sleeves 300. At the
same time, the rings 640 prevent the lubricating oil
from flowing inwardly and contaminating the airffuel
chamber-218. The rings 640 likewise prevent the
supercharged air/fuel mixture in the chamber 218

from entering the sleeves 300 past the pistons 600,

and maintain the proper pressures in the engine
during operation.
In addition to or in lieu of the seals 640, each

piston 600 may include a set of spaced oil wiper . .

rings 630. As seen in FIGURES 9 and 12, the wiper
rings 630 are positioned on the pistons 600 to
reciprocate relative to the associated cylinder
sleeve 300A-F between the intake port 302 in each

sleeve at the top of the piston stroke, and any

lower sealing ring 640 in each sleeve at the bottom
of each piston stroke. These wiper rings further
assist in sealing the oil lubricating system from the
combustion gases at the exterior or outer end of
each slesve 300A-F and from the supercharged
air/fuel mixture in the chamber 218 at the inner end
of each cylinder sleeve. The seal created by the
rings 620, 630, furthermore assists in maintaining
the necessary pressure in the chamber 218 to
assure the proper supercharging of the air/fuel mix-
ture in chamber 218 during the start-up and opera-
tion of the engine 100.

FIGURES 14 and 15 illustrate the ease with
which the engine 100 in accordance with this in-
vention can be provided with an electrical starting
system. The illustrated starting system includes a
conventional solenoid starter motor 550. The hous-
ing section 204 can be modified fo include a starter
housing section 205 which receives the starter mo-
tor 650 at one end of the engine 100. The motor
580 includes a standard spring-biased starter gear
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552 which is contained within the housing section

205. The starting system further includes a starter

" ring gear 554 mounted on the adjacent cylinder
" block 250L for engagement with the starter gear

552. Since the rotating cylinder blocks 250 and
250R have a substantial flywheel effect during op-
eration, the engine 100 does not need a separate
flywheel. Accordingly, the ring gear 554 can be an
annular gear provided on the cylinder and having a
simple and lightweight construction. _

The starting of the engine 100 begins by elec-
frically energizing the starter motor 550 in the
conventional manner. The starter gear 552 thereby
rotates in engagement with the ring gear 554, to
impart rotation to the cylinder block 250L. The
connection of the cylinder block 2501 to the block
250R through the pistons 600 transmits the rotary

motion of the block 250L to the block 250R. The - -

ignition system of the engine 100 then fires the
spark plugs S at the proper timed interval to begin
the power combustion ¢cycle in each cylinder 300A-
E. The operation of the engine 100 eventually
rotates the cylinder blocks 250L and 250R faster
than the rotation of the starter motor 550. At that
point, the starter gear 552 withdraws from engage-
ment with the ring gear 554 in the conventional
manner. The starting system is thereby reposi-
tioned to re-start the engine 100 when needed. _

FIGURES 16 and 17 illustrate a magneto igni-
tion system which can be readily incorporated into

. the engine 100 in accordance with this invention.

This magneto system can.be separate from or
incorporated into the starting system shown in FIG-
URES 14 and 15 and described above. The mag-
neto system includes a series of six permanent
magnets 560 (one for each spark plug S) placed
uniformly around the periphery of the cylinder
block 250L.

The magneto system also includes a soft iron
laminated core 562 mounted on the housing sec-
tion 204 in alignment with the magnets 560. As
seen in FIGURE 17, the cored 560 defines a pair of
pole shoes 564 positioned to be in close proximity
to the rotating magnets 560. A winding 568 com-
pressing two high-energy small diameter wire coils
is wrapped around the center of the core 562 in the
conventional manner. One high energy coil is con-
nected to the spark plug contactor assembly 224 at
the left end of the engine, and the other coil is
connected to the contactor assembly 224 at the
right end of the engine.

The magneto system operates in the conven-
tional manner to energize the spark plugs S at
each end of the engine 100. The two plugs S are
ignited simultaneously as the associated piston 600
and cylinder 300 more into a position a few de-
grees of rotation before top-dead-center, at the
side 220 of the engine. The rotation of the magnets
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560 past the pole shoes 564 creates a collapsing
and expanding magnetic flux field in the winding
556. The winding 556 in turn generates a high
voltage and low amperage alternating current which
is sufficient to jump the gap between the fixed
contact points 230 and the plugs to ignite the plugs
S at the proper time in the cycle of operation of the
engine. The rotation of the plugs S past the fixed
contact points 230 eliminates the need for any
electrical distributor in the magnetic ignition sys-
tem.

FIGURES 19 and 20 depict a generator system
which can be easily added to the engine 100. The
generator system can be used in conjunction with a
transformer to convert the alternating current to 12
volt DC current to re-charge a battery used in the
engine 100. However, the system illustrated in FIG-
URES 19 and 20 is designed to create electrical
energy for auxiliary power.

The generator system includes four arcuate
permanent magnets 570 uniformly spaced around
the periphery of either one of the cylinder blocks

250L or 250R. A laminated soft iron core 572 is:

positioned in alignment with the magnets 570 and
defines spaced pole shoes 574 in close proximity
to the rotating magnets 570. A winding 576 is
provided around the center of the core 572. In this
embodiment the winding comprises four wire coils
so that the generating system can create auxiliary
alternating current power, such as 110 volt alternat-
ing current at 60 cycles per second, in response to
the rotation of the magnets 570 past the pole shoes
574 at a constant selected RPM. A suitable con-
ductor 578 connected to the winding 576 directs
this alternating current to an auxiliary unit {not
shown) which is to be driven or energized by the
generating system provided on the engine 100,

The generator system shown in FIGURES 18
and 19 can also- be combined with a magneto
system, such as described above with respect to
FIGURES 16 and 17. In a combined magneto and
generator system six magents 570 would be used,
and a set of pole shoes would be added, adjacent
the magnets, with windings appropriately sized to
function as a magneto.

FIGURE 24 represents a timing diagram for the
rotary vee engine 100 in accordance with this in-
vention. Thi timing diagram represents the open-
ing of the exhaust ports 302 and the intake ports
304 of each cylinder 300 as the cylinder rotates
about the central axis Ay or Ag between a boitom
dead center condition (BDC) and a top dead center

condition (TDC). As shown in FIGURE 24, the

components of the engine 100 are arranged so that
the exhaust port 302 opens either simultaneously
with or slighlly in advance of the opening of the

intake port 304. In the preferred arrangement, the -

engine 100 empioys the customary arrangement
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well known in other engine valving systems of
opening the exhaust port slightly in advance (within
approximately 5* of engine rotation) before the
opening of the intake ports 304. As also shown in
FIGURE 24, the exhaust ports 302 are closed a few
degrees (in a range of 5°) before the intake ports
are closed. This arrangement allows supercharging
of the airfiuel mixture in the cylinders, and en-
hances the scavenging action in the firing chamber
of the cylinders 300 during the operation of the
engine 100. The scavenging occurs when the
heavier air/fuel gas mixture is discharged radially
inwardly into the firing chamber of the cylinders
300 to replace the lighter exhaust gases created by
the burning of the previous airffuel mixture charge
in the firing chamber. The exhaust gases exit the
cylinder 300 in a radially inward direction. After the
intake port 304 is closed, the airfuel mixture in
each cylinder 300 is subjected to a compression
stroke until the associated piston 600 reaches top
dead center. Slightly before fop dead center, as
described above, the ignition occurs in the cyl-
inder. As shown in FIGURE 24, the power stroke of
each cylinder is begun near this top dead center
condition and continues with the burning of the
air/fusl mixture in the cylinder until the exhaust port

" opens once again.

. Since the engine 100 includes six dual pistons
600 and two cylinder blocks 250L and 250R with
the associated six cylinder sleeves 300, the engine
100 thereby defines twelve effective cylinders
which can be fired during the operation of the-
engine. The cylinders are fired in pairs by simulta-
neously igniting the spark plugs $ as the dual
piston 600 and associated cylinders 300 approach
the top dead center side 220 of the engine. The
ignition creates an explosive force on the ends 602
of each pair of pistons 600. Since the pistons 600
are solid in an axial direction, and can rotate within
the cylinder sleeves 300, the power stroke of the

_pistons 600 caused by the ignition of the air/fuel

mixture transmits a rotational force to the cylinder
blocks 250L, 250R through the cylinder sleeves
300. As the cylinder heads 250L, 250R rotate, the
cylinder sleeves 300 rotate relative to the asso-
ciated piston 600, as the pistons orbit in the cyl-

. inder heads about the rotational axis A, Ag. The

pistons 600 also reciprocate relative to the cylinder

" sleeves 300, as the sleeves rotate from a closely

associated top dead center position on the top
dead center side 220 of the engine to the spaced

‘condition -on the bottom d_ead center side 222 of

the engine. .

An important aspect of this invention is the
utilization of the relative rotary motion between the
cylinder sleeves 300 and the associated pistons
600 to provide a rotary valve system to control the

- timing of the opening and closing of the exhaust
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ports 302 and the intake ports 304. This rotary
valving system, in conjunction with the design and
placement of the exhaust ports 302, the intake
ports 304, the airfuel manifolds, 280, 284 and the

* exhaust cavities 270 also functioi to greatly en-

hance the effective scavenging action in the firing
chambers of the cylinders 300 durlng the operation
of the engine 100.

.These engine components are arranged in the
engine 100 to overcome the disadvantages of the

~ porting and valving arrangements of prior rotary
'.vee engine designs. These comporients also utilize
the: advantageous features of the substantial centri-

fugal forces imposed upon the intaké and exhaust
gases during the operation of a rotary vee engine.
The undesirable inefficient scavenging arid admix-
ture of unburned airfuel mixture with exhaust gas-
es is overcome by recognizing and designing for

_the fact that the centrifugal forces in the engine -

have a greater effect on the heavier air/fuel mixture
than on the lightet bumed exhaust gases. The
engine 100 is designed to accommodate the dif-
ferential effects of centrifugal force on these gases
of different density by an engine design which
enhances the scavenging operation by creating a
substantial stratification of the unburned and
burned gases, instead of a swirling and mixing of
the gases and an improved scavenging effect, in

‘the engine cylinders during engine operation.

To accomplish this improved engine scaven-
ging, the exhaust ports 302 are provided in each

.cylinder sleeve 300 in a inwardly radially position.

centered about a radial line from the axis of rota-
tion A_ or Ag of the engine. Similarly, the intake
ports 304 are positioned in the sleeves 300 radially
opposite from the exhaust ports 302 on the radially
outward portion of the cylinder sleeves 300. The
intake ports 304 are also centered about a radial
line drawn from the rotational axis A;, Ar of the
engine. The exhaust ports 302 can be positioned in
the sieeve 300 along substantially the same radial
line as the intake ports 304. However, as discussed
above, it is preferred that the exhaust ports 302 be
positioned axially along the sleeves 300 slightly
outside of the intake ports 304, so that the exhaust
ports open in advance of the intake ports. This
slight axially advanced position for the exhaust
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ports 302 is illustrated in FIGURE 26, and the radial -

arrangement of the exhaust and ‘intake ports is
shown in FIGURE 27. Each exhaust port 302 and
intake port 304 can be a continuous opening in the
sleeves 300. As shown in FIGURE 26, it is pre-
ferred that the exhaust and intake ports comprise a
plurality of spaced elongate openings in the
sleeves 300. In this manner, the exhaust and intake
ports will not interfere with the sliding of the piston
rings 620 past the ports as the pistons 600 recipro-
cate with respect to the slesve 300.
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The exhaust ports 302 and intake ports 304 are
opened and closed in a programmed manner by
the reciprocating and rotary movement of the pis-
tons 600. The piston head 602L, 602R on each
piston 600 is configured to define a multi-surfaced
rotary valve head which functcons to control the
opening and closing of the exhaust and intake
ports in a programmed manner. A perspective view
of this rotary valve defined by the piston head 602
is shown in FIGURE 28. FIGURES 28A-E show the

. various views of this rotary valve heads. As seen

therein, each piston head "602L, 602R in_cludes a
valving lobe 610 which defines the maximum axial
length for the piston head. The lobe 610 is co-
extensive with the periphery of the piston 600 and

" extends for a selected radial extent of the piston

periphery. As seen in FIGURES 29a and 29f, the

radial extent of the lobe 610 is sufficient to close—---

the exhause ports 302 and intake ports 304 as the
rotating piston 600 aligns the lobe 610 with the

- respective ports.

A flat surface valve lobe 612 is machined in the
piston head to be spaced a selected axial distance
inwardly from or helow the lobe 612. As shown in
FIGURES 28 and 28A-E, the transition between a
lobe 610 and second lobe 612 on the piston head
is a smooth arcuate surface. The remaining periph-
ery of the pision head below the surface 612 is
machined in a generally conical fashion to define a-
frustoconical surface 614. This conically shaped
surface 614 extends around thé periphery of the

.piston head 602 a selectéd distance and terminates

at the piston portion defining the first lobe 612, as
shown in FIGURE 28A.

As also shown FIGURES 28, 28A-E. one por-
tion of the surface 614, adjacent the valve lobe 610
is also machined to provide a recessed surface 614
which is connected to the adjacent recessed sur-
face 610 and surface 614 by planar transition sur-
faces 618 and 620.

The iliustrated embodiment for the plston 602L,
602R is suitable for use with the rotary engine
having the components arranged as illustrated in
the drawings. It will be appreciated by those skilled
in the art that the exact dimensions and configura-
tion of the various rotary valve lobe and surfaces
610 - 620 will depend upon variables such as
piston and engine size, port placement, desired
engine timing, and other factors. Variations can
therefore be designed for the rotary valve piston
heads 602L, 602R while permitting the piston head
to open and close the intake and outlet ports 302,
304 in a programmed manner in response to the
relative rotation and reciprocation of the piston 600
in the associated cylinder slesve 300.

The operation of the piston heads 602L, 602R,
and the other components’ and features of this
engine, to control the valving and substantially en-
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hance the scavenging of the erigirie, will be under-
stood by reference to FIGURES 29a-i. These FIG-

"URES 29a-i illustrate, in a schematic fashion, the

valving and scavenging operations of the engine
100 during a complete operating cycle.

The operation of the engine begins by energiz-
ing the starter motor 550 in a conventional manner
(see FIGURE 14). The starter motor 550 imparts a
rotary motion to each cylinder block 250L, 250R.
This rotary motion causes the pistons 600 to orbit
about the center lines A, Ap and causes the cyl-
inder sleeves 300 to rotate with respect to the
pistons 600. This rotary movement will move each
piston 600 between a bottom dead center position,
such as shown in FIGURES 29a and 29i, to a top
dead center position as shown in FIGURE 29c. As

this rotation occurs, the carburetor system of the .

engine continuously provides an air/fuel gas mix-
ture through the intake manifold 201 into the cen-
tral chamber 218 of the engine. (See FIGURES 1, 4
and 9). The airffusl mixiture will be directed, by
pressure and by the rotary motion of the pistons
600 rotating within the chamber 218, into the con-
fined chamber 510 provided in the stuffer block

‘500. (See FIGURES 7 and 8). The decreased vol-

ume and increased velocity of the airfuel mixture

supercharges the mixture in the chamber 510 and |

maintains the airffuel mixture in a condition to be
charged transversely through the openings 508L,
508R in the stuffer block 500 (see FIGURES 7 and
8) into the air/fuel manifolds 280 of each cylinder
block 250L, 250R. The rotary motion of the cylinder
blocks 250L, 250R is imparted to the air/fuel mix-
ture in the manifold 280, assisted by the action of
the rotating fins 282. The supercharged pressure
and the action of centrifugal force on the airffusl
gas mixture forcely drives the mixture radially out-
wardly into the outer airfuel chambers 284 (See
FIGURE 25). As shown in FIGURE 28a, the air/fuel
mixture is thereby maintained in the outer manifold
chambers 284 in a supercharged condition, and in
position to enter the cylinder 300 through the in-
take ports 304. Ny

As shown in FIGURE 29a, the piston heads
602L, 602R on the pistons 600 are rotationally
positioned on the pistons so that the lobe 610 is
out of alignment, and the conical surface 614 is in
radial alignihent with the intake port 304 at the
bottom dead center condition or side of the engine
100. Similarly, as also shown in FIGURE 29a, the
piston head 602L, 602R is rotationally aligned so
that the extended vaive lobe 610 on each -piston
head extends across and closes the exhaust port
302 at this bottom dead center condition. Since the
intake ports 304 are positioned on the radial out-
ward surface of the cylinder sleeve 100, the centri-
fugal force caused by the rotation of the cylinder
block will maintain the air/fuel mixture in the outer
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intake manifold chamber 284. Since the intake port
304 is not closed by the valve lobe 610, the supsr-
charged pressure of the airffusl mixture in the
engine 100 will overcome the centrifugal forces
being imparted to the airffuel mixture and force the
mixture by pressure into the outer end of the

" cylinder sleeve 300.

As shown in FIGURE 29b, the continued rota-
tion and reciprocation of the piston 600 in the
sleeve 300 drives the valve surface 614 outwardly
past the intake port 304. During this compression
stroke of the engine 100, the piston 600 maintains
both the intake port 304 and the exhaust 302
closed. This compression stroke continues untii the
piston reaches the top dead center or ignition posi-
tion, as shown in FIGURE 29¢. At this point in the
cycle, the magneto system of the engine (see
FIGURES 16 and 17) fires the spark plug S and
ignites the airfuel charge within the cylinder 300.
As shown in FIGURE 28d, the power stroke of the
engine thereby commences, and the piston 600 is
driven inwardly relative to the cylinder 300 by the
explosive force of the ignited airfuel mixture. As

- shown by a comparison of FIGURES 29a-29d, the

piston head 602 continues to rotate relative to the
cylinder 300 during the compression and power
strokes.

FIGURE 29e illustrates the termination of the
power stroke of the engine 100. At the end of this
power stroke, the piston 600 has rotated the piston
head 602 in a position so that the valve lobe 610 is
clear of the exhaust port, and the surface 614 on
the piston head opens the exhaust port 302. As
shown in FIGURE 29, the conical configuration for
the -valve surface 614 causes the surface 614 to
expand the opening of the exhaust port 302 during
the further inward reciprocation of the piston 600.
At the same time, the relative rotation of the cyl-
inder sleeve 300 and the piston 600 has caused
the valve lobe 610 to rotate into a position to
maintain the intake port 302 closed. The exhaust
gases are thereby directed through the exhaust
ports 302 in a radially inward direction, into the
exhaust chambers 270, in opposition to the centri-
fugal forces applied to the exhaust gases by the
rotation of the cylinder blocks 250, ;

As shown by a comparison of FIGURES 29f
and g, the continued rotation of the piston 600

-relative to the cylinder 300 (in a counterclockwise

direction as shown in FIGURE 29a), brings the
valve surface 618 into communication the exhaust
port 302. This groove 616 increases the area
through which the exhaust gases can be dis-
charged from the cylinder 300 through the port 302
and into the exhaust chamber 270. At the same
time, the valve lobe 610 has rotated partially past
the intake port 304 so that the portion of the
conical valve surface 614 is in alignment with the
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intake port 304. In this condition, the intake port is
partially opened and the heavier air/fuel mixture is
forced into the radially outward portion of the cyl-
inder 300 by supercharged pressure imparted on
_ the airffuel. mixture. Since the airffuel mixture is
heavier than the burned exhaust gases, the centri-
fugal forces created by the rotation of the cylinder
 block 250 will tend to maintain the airfuel mixture

on the radially outward -portion of the cylinder. -

Likewise, the lighter exhaust gases are forced by
this heavier air/fuel mixture into the radially inward
“portion of the cylinder. Thus, as illustrated sche-
matically in FIGURE 29g, the engine 100 takes
advantage of the centrifugal forces to stratify the
. airffuel mixture and the exhaust gases so that the
heavier air fusl mixture effectively scavenges the
exhaust gases out of the cylinder 300.

As shown in FIGURE 29h, the continued rota-
tion of the piston 600 maintains the intake port 304
-open, while the valve surfaces 614 and 616 main-
tain the exhaust port 302 opened. Further scaven-
ging of the exhaust gases out of the cylinder 300 is
thereby caused by the continued addition of the
heavier air/fuel mixture into the cylinder 300. The
air/fuel mixture thus assists in forcing the exhaust
gases radially inwardly, against the operation of
centrifugal force, into the exhaust chamber 270. As
shown in FIGURE 29i, the scavenging continues
until all of the burned exhaust gases are removed

form the cylinder 300. In this condition, similar to

the condition shown in FIGURE 29a, the surface
614 is in alignment to maintain the intake port in a.
fully opened condition. Similarly, the rotary valve
lobe 610 has rotated into a position to close the
exhaust 302.

This operation occurs simultaneously at the
dual ends 602L, 602R of each piston 600. The
operation of the engine 100 in the foregoing man-
ner substantially enhances the scavenging of the
exhaust gases from the engine by utilizing the
centrifugal forces in the engine to create a strati-
fication and scavenging effect instead of causing
the airffuel mixture and -exhaust gases to swirl and
mix inefficiently in the cylinders 300. The oper-
ational efficiency of the engine 100 is thereby
substantially improved.

Claims

1. A rotary vee engine (100) comprising:
a housing (200) having outer ends;

. two cylinder blocks (250L,250R) each hav-
ing inner and outer ends and mounted in the
housing for rotation of one cylinder block about
a first rotational axis and rotation of the other
cylinder block about a second rotational axis,
said axes being angled to intersect adjacent
the inner ends of said blocks at an included
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angle less than one hundred and eighty de-
grees;

each cylinder block (250L,250R) having a
plurality of cylinders formed therein to intersect
the innet end of the cylinder block and to
extend therefrom into the cylinder block par-
allel to the rotational axis of the cylinder block;

a pluraiity of angled pistons (600) each

. having a portion disposed in a cylinder of one

block and a portion disposed in a cylinder in
the other block for orbital motion of the pistons
(600) coordinately with the rotation of the cyl-
inder blocks; :

a central bore formed through each of the
cylinder blocks along the rotational axis for the
respective cylinder block;

hollow shaft means (412L,412R) mounted
in said central bore of each cylinder block for- -
rotation in response to the rotation of the re-
spective cylinder block;

housing bearing means (244) rotatably
supporting the hollow shaft means in the hous-
ing (200);

an angled support shaft -(400) which ex-
tends through the central bores of each cyl-
inder block (250L.250R) within the hollow shaft
means (412L,412R); '

first support shaft bearing means
(404,406) mounted on the portion of the sup-
port shaft means extending along said first
rotational axis, said first support shaft bearing

-means mounting the adjacent hollow shaft

means (412L,412R) for rotation on said support
shaft means (400) and rotatably and axially
supporting the adjacent hollow shaft means on
said support shaft means (400); and

second support shaft bearing means
(404,406) mounted on the portion of the sup-
port shaft means extending along said second
rotational axis, said second support shaft bear-
ing means mounting the adjacent hollow shaft
means for rotation on said support shaft means
(400) and rotatably and axially supporting the
adjacent hollow shaft means on said support
shaft means (400);

abutment means (408,410) at the outer
ends of the support shaft means (400) to trans-
fer axial loads to adjacent support shaft bear-
ing means (406); :

a generally wedge shaped central cavity
(128) formed by the housing between the inner
ends of the cylinder blocks (250L,250R) for
receiving air/fuel mixture during operation of

_ the engine;

generally ‘bent axis cylindrical wedge
shaped stuffer block means (500) fixed to the
central portion of the support shaft (400) within
the central cavity of the housing and config-
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ured to occupy substantially the entire space
between the inner ends of the cylinder blocks
(250L,250R) within the orbiting pistons (600)
and confined by the housing (200) to define a

compressor section which compresses the -

airffuel mixture;

airfuel passage means (508L,508R)
formed in the stuffer block means (800) to
receive airffuel mixture from the central cavity
(218) and redirect the mixture axially towdrd
the cylinder blocks (250L.,250R); characterised
in that

a generally annular and multi-surfaced
face (256,268) is provided on the inner ends of
each cylinder block;

a multi-stepped annular surface (502,504)
is provided on each outer end of the stuffer
block means (500) which is shaped to be with-
in a close tolerance of a multi-stepped annular
surface {256,258) on the adjacent cylinder
block to form a fiuid seal which prevents the
substantial flow of airffuel mixture between the
mesting faces (256,268,502,504) as the cyl-
inder blocks rotate with respect to the stuffer
block means (500) during the operation of the
engine;

a drive shaft bore (240,242) is formed
through the housing at each outer end;

the hollow shaft means comprises at least

‘two hollow drive shafts (412L,412R) each

mounted in a different cylinder block and each
including an outer end which extends exter-
nally of the housing through the adjacent drive
shaft bore and an inner end extending toward
the inner end of the adjacent cylinder block;

shoulder means is provided on the interior

of each hollow drive shaft engageable with
adjacent support shaft bearing means to trans-
fer axial loads between the hollow drive shafts
and the support shaft bearing means;

means is provided on the exterior of each
hollow drive shaft to transfer axial loads from
each drive shaft to respectlve housing bearing
means; and

the hollow dnve shafts (412L,412R) and
the support shaft means (400) cooperate to
provide the engine with a dual output shaft
system that supplies rotary power at each end
of the engine housing.

A rotary vee engine (100) as claimed in claim
1 wherein the support shaft bearing means
(406) comprises a pair of bearing means the

outer of which is axially aligned with the adja-

cent housing bearing means (242).

A rotary vee engine (100) as claimed in claim
1 or Claim 2 wherein the stuffer block means
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{500) is formed onto the central portion of the
support shaft (400).

A rotary vee engine (100) as claimed in any of
the preceding claims wherein the multi-
stepped surfaces (256,258) on each cylinder
block (250L,250R) are recessed within the re-
spective cylinder block and the mufti-stepped
mating surfaces (502,504) project outwardly
from the stuffer block means (500) into a seal-
ing relationship within the stepped cylinder
block recesses (502,504).

A rotary vee engine (100) as claimed in any |
one of the preceding claims whersin each

housing bearing means (244) comprises a

thrust bearing (244) and wherein each hollow

drive shaft (412L,412R) is arranged to transfer

external rotational and axial forces created dur-

ing the operation of the engine to said housing

thrust bearings (244).

A rotary vee engine (100) as claimed in claim
5 wherein the exterior of the hollow drive shaft
means (412L,412R) defines shoulder means
(418) adjacent each housing thrust bearing
(244) which transfer inwardly and outwardly
directed axial loads on the hollow shafts
(412L,412R) to the housing thrust bearings
(244). ’

A rotary vee engine (100) as claimed in any
one of claims 5 or 6 wherein the outer end of
each hollow drive shaft (412L,412R) includes a
sleeve (420) positioned over and fixed to the
drive shaft (412,412R) and arranged to transfer
inwardly directed axial loads from the drive
shaft (412L,412R) to the housing bearing
means (244). '

A rotary vee engine (100) as claimed in any
one of the preceding claims whersin the drive
shaft bores (240,242) include sealing means
(2486,248) providing fluid seals between the ro-
tatable hollow drive shaft means (412L.412R)
and the housing (100) at the inner and outer
portions of the housing thrust bearings (244).

A rotary vee engine (100) as claimed in any
one of the preceding claims wherein the shoul-
der means (418) provided on the interior of the
hollow drive shafts is integral with the hollow

" drive shafts.

10.

A rotary vee engine (100) as claimed in any
one of the preceding claims wherein the outer
end of each hollow drive shaft means
(412L,412R) includes a removable plug means
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creating a fluid tight seal for the interior of the
“hollow drive shaft means (412L.41 2R).

Patentansprilche

1. Rotations-V-Motor (100) mit:

einem Gehduse (200) mit auBenliegenden En-
den; .

zwei ‘Zylinderblcken (250L, 250R) mit jeweils
innen- und auBenliegendenm Ende, die im Ge-
hiuse so montiert sind, daB ein Zylinderblock
um eine erste Drehachse und der andere Zy-
linderblock um eine zweite Drehachse dreht,
wobei die Achsen sich im Bereich ihrer innen-
liegenden Enden in einem Winkel klsiner als
180+ schneiden; ‘
wobei jeder Zylinderblock (2501, 250R) mehre-

" re.Zylinder hat, die in diesom so ausgebildet

sind, daB sie das innenliegende Ende des Zy-
linderblocks schneiden, und sich von diesem
ausgehend parallel zur Rotationsachse des Zy-
linderblocks erstrecken;
mehreren Winkelkolben (600), die jewsils einen
Abschnitt im Zylinder des einen Blocks und
einen Abschnitt im Zylinder des anderen
Blocks angeordnet haben flir eine Kreisbewe-
gung der Kolben (600), die mit der Drehung
" der Zylinderbidcke koordiniert ist;
einer zentralen Bohrung durch jeden der Zylin-
derblécke entlang ihrer Rotationsachse flr den
jeweiligen Zylinderblock; _
Hohlwellen (412L, 412R), die in der zentralen
Bohrung jedes Zylinderblocks montiert sind,
um in AbhZngigkeit von der Rotation des ent-
sprechenden Zylinderblocks zu drehen;
Geh3use-Lagermitteln (244), in welchen dis
Hohiwellen im Geh#use (200) drehbar gelagert
sind; :
einer Winkel-Tragwelle (400), die sich jeweils
durch die zentrale Bohrung jedes Zylinder-
blocks (250L, 250R) innerhalb der Hohlwelle
(4121, 412R) erstreckt;
ersten Tragwellen-Lagermitteln (404, 406), die
an dem Abschnitt der Tragwelle montiert sind,
der sich entlang der ersten Rotationsachse er-
streckt, wobei mittels der ersten Tragwellen-
Lagermittel die benachbarte Hohlwelle (412L,
" 412R) fir eine Rotation auf der Tragwelle (400)
montiert ist, und die benachbarte Hohiwelle
drehbar und axial auf der Tragwelle (400) ge-
tragen ist; und
zweiten Tragwellen-Lagermitteln (404, 406), die
auf dem Abschnitt der Tragwelle montiert sind,
der sich entlang der zweiten Rotationsachse
orstrockt, wobei mittels der zweiten Tragwel-
len-Lagermittel die benachbarte Hohiwelle
drehbar auf der Tragwelle (400) montiert ist,
und die benachbarte Hohlwelle drehbar und
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axial auf der Tragwelle (400) getragen ist;
Anschlagmitteln (408, 410) an den -auBenlie-
genden Enden der Tragwelle (400), um die
axialen Belastungen auf die benachbarten
Tragwellen-Lagermittel (406) zu Ubertragen;

" einem im wesentlichen briickenfSrmigen, zen-

tralen Hohlraum (128), der vom Geh&use zwi-
schen den innenliegenden Enden der Zylinder-
bicke (250L, 250R) gebildet ist. um wihrend
dem Betrieb " des Motors

_ Luft/Brennstoffgemisch aufzunehmen;

einem im wesentlichen zylindrischen, briicken-
formigen Ausfliliblock (500) -mit gebogener
Achse, der am zentralen Abschnitt der Trag-
welle (400) innerhalb des zentralen Hohiraums
dos Gehduses befestigt ist, und so geformt ist,
daB er im wesentlichen den gesamten Raum

zwischen den innenliegenden Enden der Zylin——- -

derblocks (250L,' 250R) innerhalb der umlau-
fenden Kolben (600) einnimmt, und durch das

-Gehduse (200), beschrénkt ist, um einen Kom-

pressionsabschnitt zu definieren, in welchem
das Luft-/Brennstoffgemisch komprimiert wird;
Luft-/Brennstoff-Kanglen (508L, 508R), die im
Ausflllblock (500) ausgebildet sind, um Luft-
/Brennstoffgemisch aus dem zentralen Hohl-
raum (218) aufzunehmen und das Gemisch

 wieder axial auf die Zylinderbicke (250L,

250R) zurlickzurichten;

dadurch gekennzeichnet, daf:

auf dem innenliegenden Ende jedes Zylinder--
blocks ein im wesentlichen ringfSrmiges und
mehrflichiges Stirnelement (256, 258) vorge-

sehen ist;

an jedem auBenliegenden Ende des Ausfull-
blocks (500) eine mehrfach gestufte Ringfliche
(502, 504) ausgebildet ist, die so geformt ist,
daB sie innerhalb einer engen Toleranz einer
mehrfach gestuften Ringfliche (256, 258) am
benachbarten Zylinderblock liegt, um eine
Fluiddichtung zu schaffen, die im wesentlichen
ein Strémen von Luft/Brennstoff-Gemisch zwi-
schen die aufeinandertreffenden Flachen (256,
258, 502, 504) verhindert, wenn die Zylinder-
bicke wihrend des Betriebs des Motors rela-

“tiv zum Ausflliblock (500) rofieren;

eine Antriebswellenbohrung (240, 242) an je-
dem auBenliegenden Ende durch das Gehduse
ausgebildet ist; T

die Hohlwellenmittel wenigstens zwei Antriebs-
hohiwellen (412L, 412R) aufweisen, die jeweils
in einem anderen Zylinderblock montiert sind,
und die jeweils ein auBenliegendes Ende, das
sich auBerhalb des Geh#uses durch die be-
nachbarte Antriebswellenbohrung  erstreckt,
und ein innenliegendes Ende, welches sich auf
das innenliegende Ende des benachbarten Zy-.
linderblocks zu erstreckt, aufweisen;
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Schultermittel im Inneren jgder Antriebshohi-
welle vorgesehen sind, die mit den benachbar-
ten Tragwellen-Lagermitteln in Eingriff bringbar
sind, um axiale Belastungen zwischen An-
triebshohiwellen und Tragwellen-Lagermittein
2u Uibertragen;

am ZuBeren jeder Antriebshohiwelle Mittel vor-

.gesehen sind, um axiale Belastungen von jeder

Antriebswelle auf die jeweiligen Gehduse-La-
germittel zu tibertragen; und , o
die Antriebshohlwellen (412L, 412R) und die
Tragwellen (400) miteinander kooperieren, um
den Motor mit einem dualen Ausgangswellen-
system zu versehen, das jedem Ende des Mo-
torengehduses Rotationskraft zuleitet.

Rotations-V-Motor (100) nach Anspruch 1,
dadurch gekennzeichnet, da8 die Tragwelien-
Lagermittel (406) ein Paar Lagerelemente auf-
weisen, deren auBenliegendes axial mit dem
benachbarten Geh#uselagermittel (242) fluch-
tet. . '

Rotations-V-Motor (100) nach Anspruch 1 oder

2,

dadurch gekennzeichnet, daB der Ausfiill-
block (500) auf dem =zentralen Abschnitt der
Tragwelle {400) ausgebildet ist.

Rotations-V-Motor (100) nach einem der vor-
stehenden Anspriiche, dadurch gekennzeich-
net, da8 die mehrfach gestuften Fi&ichen (256,
258) an jedem Zylinderblock (250L, 250R) in-
nerhalb des jewsiligen Zylinderblocks ausge-
spart sind, und die mehrfach gestuften, ange-
paBten Fldchen (502, 504) am Ausflillblock
(500) nach auBen vorstehen und dichtend in
die gestuften

(256, 258) ragen.

Rotations-V-Motor (100) nach einem der vor-
stehenden Anspriiche, dadurch gekennzeich-
net, daB jedes Geh#uselager (244) ein Druck-
lager (244) umfaBt, und daB jede Antriebshohl-
welle (412L, 412R) so angeordnet ist, daB sie
externe Rotations- und " Axialkréfte, die wéh-
rend des Betriebs des Motors erzeugt werden,
auf dieses Geh#use-Drucklager (244) Uber-

- trégt.

Rotations-V-Motor (100) nach Anspruch 5,

- dadurch gekennzeichnet, da8 das AuBere der

Antriebshohiwellen (4121, 412R) neben jedem
Geh&usedrucklager (244) Schultern (418) defi-
niert, die an den Hohlwellen (412L, 412R) nach
innen und auBen gerichtete axiale Lasten auf
die Gehdusedrucklager (244) Uiberiragen.

Zylinderblock-Aussparungen
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Rotations-V-Motor (100) nach einem der An-
spriiche 5 oder 6, dadurch gekennzeichnet,
daB das auBenliegende Ende jeder Antriebs-
hohiwelle (4121, 412R) eine Hilse (420) auf-
weist, die Uiber der Antriebswelle (412L, 412R)
positioniert und an dieser befestigt ist, und so
angeordnet ist, daB nach innen gerichiete Axi-
allasten von der Antriebswelle (412L, 412R) auf
die Gehduselager (244) Uibertragen werden.

Rotations-V-Motor (100) nach sinem der vor-
stehenden Ansprliche, dadurch gekennzeich-
net, daB8 die Antriebswellenbohrungen (240,
242) Dichtungsmittel (246, 248) enthalten, die
jeweils zwischen den drehbaren Antriebshohl-
wellen (412L, 412R) und dem Geh#use (100)
an den innen- und auBenliegenden Abschnitten
der Gehdusedrucklager (244) Fluiddichtungen
schaffen. '

Rotations-V-Motor (100) nach einem der vor-
stehenden Anspriiche,

dadurch gekennzeichnet, da die Schultern
{418), die im Inneren der Antriebshohlwellen
(418) vorgesehen sind, einstiickig mit den An-
trisbshohlwellen ausgebildet sind.

Rotations-V-Motor (100) nach einem der vor-
stehenden Anspriiche, dadurch gekennzeich-
net, daB das auBenliegende Ende jeder An-
triebshohiwelle (412L, 412R) einen entfernba-
ren AbschluBteil aufweist, der flir das Innere
der Antriebshohlwelie (412L, 412R) eine fluid-
dichte Dichtung erzeugt.

Revendications

1l

Moteur (100) & cylindres rangés en V compre-
nant:

un boftier (200) ayant des exirémités exté-
rieures;

deux blocs de cylindres (250L, 250R)
ayant chacun des extrémités intérieure et exté-
rieure et montés dans le boftier afin qu'un

‘premier bloc de cylindres tourne autour d'un

premier axe de rotation et que I'autre bloc de
cylindres tourne autour d'un second axe de
rotation, lesdits axes se coupant du c¢dté des
extrémités intérioures desdits blocs en faisant
un angle obtus inférieur & cent huit degrés;
chaque bloc de cylindres (250L, 250R)

‘ayant une pluralité de cylindres formés dans -

celui-ci pour couper ['extrémité intérieure du
bloc de cylindres et pour s'étendre & partir de
celle-ci dans le bloc de cylindres paralliélement
a l'axe de rotation du bloc de cylindres;

une pluralité de pistons (600) en forme
d'angle ayant chacun une partie placée dans
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un cylindre d'un premier bloc et une partie
placée dans un cylindre de I'autre bloc pour le
mouvement orbital des pistons (600) de manig-
re coordonnée avec la rotation des blocs de
cylindres; : : ,
un alésage central formé a travers chacun
des blocs de cylindres le long de f'axe de

‘rotation du bioc de cylindres correspondant;

un moyen d'arbre creux (412L, 412R)
monté dans ledit alésage central de chaque
bloc de cylindres pour la rotation en réponse &
la rotation du bloc de cylindres correspondant;

un moyen de palier (244) de boftier soute-
nant le moyen d'arbre creux de manidre &
pouvoir tourner dans le boftier (200);

un arbre de support (400) en forme d'an-
gle qui s'étend A travers les alésages centraux
de chaque bloc de cylindres (250L, 250R) &
lintérieur du moyen d'arbre creux (412L,
412R);

‘un premier moyen de palier (404, 4086)
d'arbre de support monté sur la partie du
moyen d'arbre de support s'étendant ie long
dudit premier axe de rotation, ledit premier
moyen de palier d'arbre de support réalisant le
montage du moyen adjacent d'arbre creux
(412L, 412R) pour la rotation sur ledit moyen
d'arbre de support (400) et soutenant axiale-
ment ledit moyen -adjacent d'arbre creux, de
maniére 2 pouvoir fourner, sur ledit moyen
d'arbre de support (400); et

un second moyen (404, 406) de palier
d'arbre de support monté sur la partie du
moyen d'arbre de support s'étendant le long
dudit second axe de rotation, ledit second
moyen de palier d'arbre de support réalisant le
montage dudit moyen adjacent d'arbre creux
pour la rotation sur ledit moyen d'arbre de
support (400) et soutenant axialement le
moyen adjacent d'arbre creux, de maniére &
pouvoir tourner, sur ledit moyen d'arbre de
support (400);

des moyens d'appui (408, 410) aux extré-
mités extérieures du moyen d'arbre de support
(400) pour transférer des charges axales aux

moyens adjacents (406) de palier d'arbre de

support;

une cavité centrale (128) généralement
cunéiforme formée par le boftier entre les ex-
trémités intérieures des blocs de cylindres
(250L, 250R) pour recevoir le mélange air /
carburant pendant le fonctionnement du mo-
teur; )

un moyen de presse - étoupe (500) cylin-
drique et cunéiforme d'axe généralement cour-
be fixé & la partie centrale de f"arbre de sup-
port (400) & l'intérieur de la cavité centrale du
boftier et configuré pour occuper pratiquement
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tout l'espace entre les extrémités intérieures
des blocs de cylindres (250L, 250R) & [l'inté-
rieur des pistons (600) & mouvement orbital et
enfermé dans le boftier (200) pour définir une
section de compresseur qui comprime le mé-
lange air / carburant; '

un moyen de passage (508L / 508R) du
mélange air / carburant formé dans le moyen
de bloc de presse-étoupe (500) pour recevoir
le mélange air / carburant provenant de la

. cavité centrale (218) et pour rediriger le mélan-

ge axialement vers les blocs de -cylindres
(250L, 250R); caractérisé en ce que :

une face (256, 258) généralement annulai-
re, composée de plusieurs surfaces, est four-
nie sur I'extrémité intérieure de chaque bloc de

cylindres; .
, une surface annulaire en gradins (502~
504) est fournie sur chaque extrémité extérieu-

re du moyen de bloc de presse-étoupe (500)
dont la forme est adaptée pour correspondre
suivant une tolérance étroite & une surface
annulaire en gradins (256, 258) sur le bloc de
cylindres adjacent pour former un dispositif
d'étanchéité au fluide qui empéche I'écoule-
ment important du mélange air/carburant entre
les faces jointives (256, 258, 502, 504) lorsque
les blocs de cylindres tournent par rapport au_
moyen’ de bloc de presse étoupe (500) pen-
dant le fonctionnement du moteur,
~un alésage (240, 242) d'arbre d'entraine-

ment est formé & travers le boftier 4 chaque
extrémité extérieure; _

le moyen d'arbre creux comprend au
moins deux arbres creux d'entrainement (412L,
412R) chacun monté dans un bloc de cylin-
dres différent et chacun incluant une extrémité
extérieure qui s'étend a I'extérieur du bottier &
travers |'alésage adjacent de 'arbre d'entraine-
ment et une extrémité intérieure s'étendant
vers 'extrémité intérieure du bloc de cylindres
adjacent;

un moyen d'épaulement est placé sur I'in-
térieur de chaque arbre creux d'entrainement
qui peut s'engager avec le moyen de palier
adjacent d'arbre de support pour transférer
des charges axiales entre les arbres creux
d'entrainement et le moyen de palier d'arbre
de support; - '

un moyen est placé sur I'extérieur de cha-
que arbre creux d'entrainement pour transférer
des charges axiales de chaque arbre d'entral-
nement au moyen de palier correspondant de
boftier; ot

les arbres creux d'entrainement (412L,
412R) et le moyen d'arbre de support (400)
coopérent pour fournir au moteur un double
systtme d'arbre de sortie qui fournit de la
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puissance de rotation 2 chddue extrémité du
boitier du moteur.

Moteur (100) rotatif 2 cylindres rangés en V
comme revendiqué dans la revendication 1 ol
le moyen de palier (406) d'arbre de support
comprend une paire de moyens de palier dont
{'extérieur est aligné axialement avec le moyen
adjacent de palier de boitier (242).

Moteur (100) rotatif & cylindres rangés en V
comme revendiqué dans la revendication 1 ou
la revendication 2 ol le moyen de bloc de
presse-étoupe (500) est formé sur la partie
centrale de I"arbre de support (400).

Moteur (100) rotatif & cylindres rangés en V-

comme revendiqué dans une quelconque des
revendications précédentes oli les.surfaces en
gradins (256, 258) sur chaque bloc de cylin-
dres (250L, 250R) sont encastrées 3 l'intérieur
du bloc de cylindres correspondant et les sur-
faces en gradins correspondantes (502, 504)
se projettent vers I'extérieur & partir du moyen
de bioc de presse-étoupe (500) de maniére
étanche 3 lintérieur des surfaces creusées
(502, 504) en gradins des blocs de cylindres.

Moteur (100) rotatif & cylindres rangés en V
comme revendiqué dans une quelconque des
revendications précédentqs ol chaque moyen
de palier (244) de boftier comprend un palier
de butée (244) et ol chaque arbre d'entraine-
ment creux (412L, 412R) est agencé pour
transférer des forces extérieures axiales et de
rotation, créées pendant le fonctionnement du
motsur, auxdits paliers de butee (244) du bot-
tier.

Moteur (100) rotatif 2 cylindres rangés en V
comme revendiqué dans la revendication 5 ol
I'sxtérieur du moyen d'arbre creux d'entraine-
ment (412L, 412R) définit des moyens d'épau-

lement (418) adjacents & chaque palier de -

butée (244) de boftier qui transférent vers I'in-

_térieur et vers l'extérieur des charges axiales
"sur les arbres creux {(412L, 41 2R) aux paliers

de butéd (244) de boMier.

Moteur (100) rotatif 4 cylindres en V comme '

revendiqué dans une quelconque des revendi-
cations 5 ou 6 ol l'exirémité extérieure de
chaque arbre creux d'entrathement (412L,
412RY} inclut un manchon (420) placé par des-
sus, ot fixé &, l'arbre d'entrainement (412L,
412R) et agencé pour transférer vers Pintérieur
des charges axiales de I'arbre d'entrathement

" (412L, 412R) au moyen de palier (244) de
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bottier.

Moteur (100) rotatif & cylindres rangés en V

~ comme revendiqué dans une quelconque des

10.

revendications précédentes ol les alésages de
'arbre d'entrainement (240, 242} incluent des
moyens d'étanchéité (246, 248) fournissant
des dispositifs - d'étanchéité entre le moyen
d'arbre creux d'entrainement rotatif (412L,
412R) et le boftier (100) aux parties intérieure
et extérieure des paliers de butée (244) de
bottier.

Moteur (100) rotatif 3 cylindres rangés en V
comme revendiqué dans une quelconque des
revendications précédentes ol le moyen
d'épaulement (418) placé sur l'intérieur des
arbres creux d'entrainement fait partie inté-
grante des arbres creux d'enirainement.

Moteur (100) rotatif & cylindres rangés en V
comme revendiqué dans une guelconque des
revendications précédentes ol I'extrémité ex-
térieure de chague moyen d'arbre creux d'en-
trainement (412L, 412R) .inclut un moyen de
bouchon démontable créant un dispositif
d'étanchéité -au fluide pour lintérieur du moyen
d'arbre creux d'entrainement (412L, 412R).
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