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[57] ABSTRACT 

A rotary internal combustion engine having a plurality of 
swinging arms spaced uniformly in a rotor housing and a rotor 
on a power output shaft adapted to engage the arms in said 
housing and thereby control the cycle of outward compression 
and exhaust strokes, and inward power strokes of each of said 
arms. Each arm includes an outwardlytapered, wedge-shaped ‘ 
horn member engageable within a recess provided in the ad 
jacent engine housing to deñne an expandable compression 
chamber between said housing and each arm and to permit 
said arms to move freely between said inward and outward 
positions. ln the preferred arrangement, the arms and rotor 
can shift laterally within the housing to positions of equilibri 
um, and the side portions of said arms and rotor include a plu~ 
rality of labyrinth grooves in sealing relationship with respect 
to the rotor housing. Spherical combustion chambers in the 
housing adjacent the free end of each of said anns commu 
nicate with the interior of said housing and are adapted to 
direct an expanding charge of combustion gases against said 
arms and the exposed portion of the rotor. Said rotor and anns 
can be adapted to cause substantially complete combustion of 
the gas charges within the combustion chambers prior to ex 
pansion of the charges in said rotor housing. Exhaust ports 
provided in said housing selectively exhaust spent combustion 
gases from the interior of said housing, and a cam startup 
system is adapted to initiate the cycle of operation for the 
arms. The rotor may be adapted so that each arm will transmit 
a plurality of power impulses to the rotor for each complete 
rotor revolution, and further to overlap the power impulses of 
adjacent arms during the engine operation. 

20 Claims, 2l Drawing Figures 
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INTERNAL COMBUSTION ENGINE 

BACKGROUND AND GENERAL DESCRIPTION 

The present invention relates to an improved prime mover 
and more particularly relates to an improved rotary internal 
combustion engine which is capable of replacing conventional 
reciprocating piston engines. 
As well known to those skilled in the art, the reciprocating 

internal combustion engines in current use have many in 
herent disadvantages. For instance, such engines have 
generally low thennal efficiency resulting mainly from the ina 
bility of the engine to fully utilize the energy in the fuel. 
Moreover, such engines generally have extremely poor pollu 
tant emission characteristics,I since the fuel is not burned 
completely within the engine combustion and expansion 
chamber before it is exhausted to the atmosphere. The overall 
mechanical efficiency of reciprocating piston engines is also 
low, in the range of 25 percent, due to such factors as the ina» 
bility of the pistons to produce power for the first 30° and last 
40° of each stroke; the requirement of having two complete 
piston cycles to produce one power stroke in a four-cycle 
piston engine; and the need for power-absorbing static and 
dynamic counterbalancing and parasitic auxiliary systems. 

Previous attempts to improve upon the thermal and 
mechanical characteristics of reciprocating piston engines 
have met with varying degrees of success. Reciprocating en 
gine designs continue to require expensive fuels, continue to 
have unacceptable high pollution characteristics, and involve 
complicated structural arrangements which are expensive to 
manufacture, operate, and maintain, and which have un 
satisfactorily low mechanical eñiciency. 
The present invention overcomes the above-mentioned 

problems incident to making and using reciprocating piston 
engines by providing an improved rotary internal combustion 
engine which is capable of operating with substantially im 
proved mechanical and thermal efficiencies and which has 
greatly enhanced anti-pollution characteristics. Improved 
thermal efficiency and reduced pollutant emissions are possi 
ble because of the structural and functional characteristics of 
the rotary engine which permit more complete combustion of 
the air-fuel mixture during the operation ofthe engine. The in 
vention also allows expansion of the combustion gases to a 
condition approaching atmospheric pressure, or about twice 
the volume possible in conventional piston engines. Similarly, 
the engine requires no crank case, and hence will create no 
crank case emissions. Improved mechanical efñciency results 
from the structural and functional features of the present in 
vention which cause the smooth and continuous flow of power 
to an output shaft, with a high horsepower to weight ratio. The 
engine also is capable of producing high torque at low speeds, 
and has a great flexibility of operation. ’ 

EXEMPLARY EMBODIMENTS 

Additional objects and features of the present invention will 
become apparent from the following description of severa] ex 
emplary embodiments, wherein standard engine components, 
such as the carburetor, the throttling mechanism and the like, 
have been omitted for sake of clarity. 

In the drawings: 
FIG. l is a cross-sectional view of one embodiment of an in 

ternal combustion engine in accordance with the present in 
vention which incorporates a single-lobe rotor and three 
swinging abutment arms; 

FIG. 2 is a removed and enlarged sectional view of the com 
bustion chamber incorporated in the engine illustrated in FIG. 
1, showing a poppet valve means for sealing the associated 
combustion chambers and arms; 

FIG. 3 is a removed and enlarged sectional view of the com 
bustion chamber of the same engine, illustrating a modified 
labyrinth seal for'sealing the combustion chambers and arms; 

FIG. 3A is a further enlarged sectional view of the labyrinth 
sealing between the associated arm and combustion cham 
bers, as illustrated in FIG. 3; 
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FIG. 4 is a partial sectional end view of the engine illus 
trated in FIG. 1, schematically showing a cam start-up 
mechanism for initiating the movement of the swinging abut 
ment arms; 

FIG. 5 is a side view of the engine as viewed along the line 
5-5 in FIG. l; 

FIG. 6 is a removed perspective view of the sìngle~lobe rotor 
incorporated in the embodiment of the engine illustrated in 
FIGS. l-5, particularly showing the labyrinth sealing means 
provided in the side portions thereof and the spline connec 
tion which pennits the rotor to be free-floating within the en 
gine housing; 

FIG. 7 is a removed perspective view of one of the swinging 
abutment arms incorporated in the engine embodiment illus 
trated in FIGS. 1-5, particularly showing the labyrinth sealing 
grooves incorporated on the sides thereof, and the spline con 
nection which permits the arms to be free-floating within the 
engine housing; 

FIG. 8A is a removed and enlarged top view of the labyrinth 
grooves incorporated on the side portions of the rotor and 
arms, as illustrated in FIGS. 6 and 7, showing the discontinu 
ous and non-aligned arrangement of the grooves; 

FIG. 8B is an enlarged and removed cross sectional view of 
the labyrinth sealing grooves showing in FIG. 8A, illustrating 
the depth ofthe grooves; 

FIG. 9 is a partial sectional end view of an engine assembly 
formed from multiple engine units of the present invention 
which are joined to a common output shaft in a dynamically 
balanced relationship; 

FIG. 10 is a sectional side elevational view of the multiple 
unit engine assembly as viewed along the line 10-10 in FIG. 

FIG. ll is a sectional end view of a modified engine as 
sembly incorporating dual engine units which are joined to a 
common drive shaft in a balanced relationship, with the charn 
bers ofthe engines cross-coupled; 

FIG. l2 is a sectional side elevational view of the dual cross 
coupled engine assembly as viewed along the line 12-12 in 
FIG. 1 l; 

FIG. 13 is a partial sectional end view of an engine assembly 
in accordance with this invention which incorporates dual 
cross-coupled engine units wherein each of the engines in 
cludes a double-lobe rotor and four wedge-shaped swinging 
abutmentarms; 

FIGS. 14A and 14B are joined sectional side elevational 
views of the engine assembly illustrated in FIG. 13, as viewed 
along the section lines 14A-14A and 14E-14B, respective 
ly; 

FIG. l5 is a partial sectional end view of the dual engine 
shown in FIGS. 13 and 14, illustrating a cam start-up 
mechanism for each engine unit in the dual engine assembly; 

FIG. 16 is a partial sectional end view of a balanced single 
engine unit in accordance with this invention including a dou 
ble-lobe rotor and six swinging abutment arms; 

FIG. 17 is a sectional side elevational view of the single six 
arm engine unit, as viewed along the line 17--17 in FIG. I6; 
and 

FIG. 18 is a partial sectional end view of the engine unit 
shown in FIGS. 16 and 17, illustrating a cam start-up 
mechanism for the unit. 

SINGLE LOBE ROTOR-SINGLE ENGINE UNIT 

FIGS. 1-8 illustrate a rotary internal combustion engine 100 
constructed in accordance with this invention to incorporate 
three uniformly spaced swinging abutment arms 140A-C and 
a single-lobe rotor 150. The rotor 150 is contained within the 
generally cylindrical opening defined by a rotor housing 120, 

. and is mounted on a central drive shaft 130. The arms 140 and 

75 

the rotor 150 are machined to have substantially the same 
width as the housing 120. Generally, during the operation of 
the engine 100, an air-fuel mixture is ignited and expanded on 
the outboard side of the swinging arms MOA-C so that the 
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arms are directed sequentially inwardly against the rotor 150. 
The expanding air-fuel mixture thereby works against the ex 
posed surface of the rotor 150 and against the arms 140AC 
to impart a rotational driving force to the rotor 150, and the 
rotor in turn transmits an output torque to the drive shaft 130. 
As illustrated in FIG. 5, one end of the rotor housing 120 is 

closed by a flywheel housing 160, and the other end is closed 
by a fluid transfer housing 170. The housings 160 and 170 in 
clude centrally located main bearings 161 and 171, respec 
tively, which support the shaft 130. Machined end plates 162 
and 172, respectively, are defined by these housings 160 and 
170 and seal the adjacent ends of the rotor housing 120. Suita 
ble head bolts and gasketing material (not shown) are em 
ployed to assure that the plates 162 and 172 effectively seal 
the rotor housing 120. In addition, the end plates 162 and 172 
provide support for pivot pins 141 (FIG. l) about which the 
abutment arms 140A-C swing during the operation of the en 
gine 100. 
As indicated in FIG. 7, one end of each of the arms l40A-C 

includes a splined aperture 142 for receiving corresponding 
splines (not shown) provided around the periphery of the 
pivot pins 141. The arms 140A-C are thereby fixed from rota 
tion on the pivot pins 141, but are capable of floating or shift 
ing laterally on the pins to maintain a position of equilibrium 
within the rotor housing 120 during the operation of the en 
gine 100. As indicated in FIGS. 5 and 6, the rotor 150 also in 
cludes a splined aperture 151 which receives corresponding 
splines 131 provided on the shaft 130. Accordingly, the rotor 
150 is also free-floating, and can float or shift laterally on the 
shaft 130 to a position of equilibrium within the housing 120. 
The free-floating nature of the rotor 150 and the arms 

140A-C permits effective sealing of the rotor and arms within 
the housing 120 by means of labyrinth sealing grooves 121 
provided on the side portions of the arms 140 and rotor 150. 
As illustrated in FIGS. 8A and B, the labyrinth grooves 121 
comprise short, discontinuous grooves provided in the side 
portion of the associated part in an unaligned orientation. 
Each groove 121 is arranged to follow the general profile of 
the associated arm or rotor and functions as a check valve to 
substantially stop the flow of gas past the arms or rotor in the 
slight clearance adjacent the end plates 162 and 172. The 
discontinuous nature and unaligned orientation of the grooves 
121 also prevent gas from traveling laterally along the full 
length of the rotor or arm within the grooves during the opera 
tion of the engine 100. The slight clearance between the plates 
162 and 172, rotor 150, and arms 140A-C is maintained sub 
stantially constant during the operation of the engine, re 
gardless of engine load or operating temperature, by the free 
ñoating connections for the arms and rotor, and by selecting 
the materials for the various parts to have substantially equal 
coefficients of expansion. Such labyrinth sealing eliminates 
the need for lubricating moving parts such as piston rings and 
seals. 

As illustrated in FIG. 1, the free end of each of the swinging 
arms 140AC includes a bevelled contact surface 143 which 
allows the associated arm to engage with and seal against the 
rotor 150 along a flat and highly machined contact surface. 
During the power stroke of the engine 100, the contact sur 
face 143 is urged against the periphery of the rotor 150 by the 
force of the charge expanding against the associated arm. The 
arm contact surface 143 prevents any substantial leakage 
between the arms 140 and the rotor 150 during these power 
strokes, and also allows the rotor and arms to withstand high 
loading forces by distributing the loads over a large area. 
The inner surface 144 of each of the arms 140A-C is also 

machined to provide a smooth contact surface for engaging 
with the rotor 150 to return the arms outwardly after the in 
ward power stroke is completed. An inward projection 146 is 
also formed on each arm 140A-C to define the point closest to 
the associated pivot pin 141 at which the rotor 150 will engage 
the arm. Further, the inner surface of each arm 140A-C in 
cludes a relief portion 147 to allow the rotor 150 to engage 
with the projection 146. This arrangement assures that the 
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4 
arms 140A-C and the rotor 150 will contact at a point remote 
from the pivot pin 141, so that the arms engage with the rotor 
150 at a point of substantial leverage. The rotor housing 120 is 
further provided with a plurality of sealing strips 148 adjacent 
each of the arms 140A-C. The strips 148 engage with the 
swinging arms l40A-C and separate the compression, corn 
bustion, expansion and exhaust chambers of the engine from 
each other, as explained in more detail hereinafter, 
As shown in FIG. l, the end of each ann 140AC adjacent 

the pivot pins 141 defines a sliding valve portion 145. The 
valve portion 145 swings in close association with the end 
plates 162 and 172 during the swinging of the associated arm 
140, and thereby functions to selectively open and close an 
adjacent exhaust port l90A-C provided in the end plates. As 
illustrated by the positions of the arms 140B and C in FIG. l, 
the exhaust ports 190A-C are arranged in the end plates 162 
and 172 to be closed by the adjacent valving portion 145 when 
the associated arm is in its outermost position. Similarly, as il 
lustrated by the position of the arm 140A in FIG. 1, the ports 
190A~C are arranged so that the adjacent valving portion 145 
opens the port completely when the associated arm swings 
into its innermost position against the periphery of the rotor 
150. The burned combustion gases are exhausted from the en 
gine 100 through a suitable exhaust manifold system (not 
shown) which is connected directly to these exhaust ports 
190. In the preferred embodiment, as illustrated in FIGS. 1 
and 7, each valve portion 145 has a recess 145A which 
eliminates unnecessary weight. 
To accommodate the valve portions 14S, the rotor housing 

120 includes a plurality of conforming recesses 159 which are 
adapted to receive the valve portions 145 as the associated 
arm 140 swings inwardly toward the rotor 150. The above~ 
described sealing strips 148 are positioned to prevent the ex» 
haust gases from becoming trapped within these recesses 159, 
and thereby avoid a back pressure which would retard the 
movement of the arms 140. If desired, the danger 0f back 
pressure in these recesses 159 can be avoided by venting the 
recesses to the atmosphere. 

In accordance with this invention, each of the arms 140A-C 
in the engine 100 is provided with an outwardly projecting 
hom member 180. The horns 180 are formed integrally with 
the associated arm 140, and are designed to extend outwardly 
from the ann for a distance which exceeds the length of the in 
ward arm stroke. Further, the horns 180 are positioned ad 
jacent the free end of each of the arms 140A-C, and terminate 
in an arcuate front edge 181 which is positioned to be substan 
tially concentric with the pivot pin 141 of the associated arm 
140A-C. Each horn 180 further includes a rear edge 182 
which is arranged to converge with the front edge 181 to pro 
vide the horn with an outwardly tapered or wedge-shaped con 
figuration. As seen in FIG. 1, the front edges 181 of the horns 
180 are spaced from the bevelled portion 143 on the free end 
of the associated arm 140A-C. The free end of each arm 
140A-C can thus deñne a substantially flat contact surface 
149 which is adapted to receive the force of the expanding 
combustion gases during the operation of the engine 100. 
As shown in FIG. 1, the rotor housing 120 is formed with a 

plurality of horn recesses 122 which accommodate the pro 
jecting horns 180 on each of the arms 140A-C. These recesses 
122 have a shape which closely conforms to the shape of the 
horns 180 and, as illustrated by the position of the arms 140 B 
and C, will receive the adjacent horn when the associated arm 
is in its outermost position. Similarly, as illustrated by the arm 
140A in FIG. 1, the recesses 122 have a selected depth which 
allows the horn 180 to be free of the recess as the associated 
arm 140 moves to its innermost position. Further, the recesses 
122 include arcuate forward edges 123 which, like the from 
edge 181 of the horns 180, are concentric with the arm pivot 
pin 141. The horn edge 181 will therefore slide in sealed en 
gagement with the associated recess edge 123 as the arm 140 
moves inwardly during the operation of the engine. Since the 
extent of the horns 180 exceeds the length of the inward 
stroke of the anns 140, the horns will remain in sealed engage 
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ment with the rotor housing 120, along the edge 123, 
throughout the operation of the engine. Thus, the horn recess 
122 and the adjoining space behind each of the arms 140A-C 
defines a closed compression chamber 124 which expands in 
volume as the associated arm moves inwardly toward the rotor 
150. In accordance with this invention, these expandable com 
pression chambers 124, formed behind each arm 140A-C, 
function to compress a charge of air-fuel mixture to a desired 
pressure before the charge is transferred to a separate com 
bustion chamber. The outwardly tapered shape of the horns 
180, and the arrangement of the horns in the recesses 122, 
prevent the development of a partial vacuum within the horn 
recess or compression chamber which would otherwise 
present a drag on the swinging arms 140 and inhibit the opera 
tion of the engine 100. 
The engine 100 in accordance with this invention is also 

provided with a plurality of combustion chambers 125, each 
having its own ignition spark plug 126. As illustrated in FIG. 1, 
the combustion chambers 125A-C are uniformly spaced in 
the rotor housing 120 so that one combustion chamber is posi 
tioned outwardly from the free end of each of the arms 1140 
A-C. The combustion chambers 125A-C are spherical in con 
figuration to provide the chambers with a very low surface-to 
volume ratio which aids complete combustion of the air-fuel 
charge. As indicated in FIGS. 1-3, an outlet channel 127 is 
provided in the rotor housing 120 to bring each of the com~ 
bustion chambers 125A-C into fluid communication with the 
interior of the rotor housing 120 at a point outside of the con 
tact surface 149 on the free end of the adjacent arm 140A-C. 
Hence, the expansion force of the air-fuel charge resulting 
from ignition of the charge in the combustion chamber 125 
will be directed inwardly toward the free end of the adjacent 
arm 140 A-C and the rotor 150 by channels 127. Accordingly, 
a substantial torque force will be transmitted to the rotor 150 
by the expansion of the charge against the adjacent arm 
140A-«C and also directly against the rotor. As seen in FIGS. 1 
and 2, a sealing strip 148 is provided adjacent the outlet chan 
nels 127 to seal the compression chambers 124 from the ad 
jacent expansion chamber in the interior of the rotor housing 
120. 

Further, the contact surface 149 on each arm 140A-C is 
provided with means to seal the outlet channels 127 when the 
associated arm 140 is in its outermost position, with the horn 
180 seated within the horn recess 122. With an effective seal 
in the channel 127, the air-fuel charge can be ignited in the 
combustion chamber 125, and combustion of the charge 
completed before the channel 127 is opened by the ann 140. 
As illustrated in FIG. 2, this sealing may be accomplished by a 
fixed poppet valve 128 which seats and seals against the 
mouth of the inlet channel 127. The poppet valve 128 and the 
associated channel 127 are preferably inclined so that the axes 
of the valve and channel are substantially coincident and so 
that the valve 128 follows an arc which is concentric with the 
pivot pin 141 as the associated arm 140 swings outwardly. By 
this arrangement, the poppet valve 128 can be accurately 
seated in the mouth of the channel 127, and an effective seal is 
accomplished. In the alternative, the combustion chambers 
125A~C can be sealed with labyrinth sealing means, as shown 
in FIGS. 3 and 3A. To accomplish this labyrinth seal, the 
mouth of the outlet channel 127 is provided with a plurality of 
labyrinth grooves 129A, and the mating portion of the arm 
contact surface 149 is provided with a plurality of offset 
labyrinth grooves 129B. The grooves 129A and 129B co 
operate to effectively seal the joint between the arm surface 
149 and the outlet channel 127 when the arm 140 is in its ou 
termost position. 
As indicated in FIGS. 1 and 5, the rotor housing 120 is also 

provided with a plurality of unifomily spaced inlet and 
transfer valve assemblies 200A-C. The valves 200 are 
generally cylindrical in shape, and are arranged outside of 
each of the arms 140A-C so as to be in fluid communication 
with the adjacent compression chamber 124. As shown in 
FIG. 5, an intake passage 132 and manifold 133 connect each 
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6 
of the valve assemblies 200 to a suitable carburetor system 
(not shown) which feeds the engine 100 with metered charges 
of a combustible air-fuel mixture. The intake passage 132 ter 
minates in an annular ring 134 which is aligned with an inlet 
ring 136 in the valve assembly 200. 
The engine 100 in accordance with this invention also in 

cludes means to transfer a compressed charge of lair-fuel mix 
ture from each ofthe compression chambers 124 through the 
apertures 202 and into combustion chamber 125 adjacent the 
preceding arm 140. To accomplish this transfer function, the 
transfer housing 170 includes a fluid-tight transfer passage 
135A connecting the valve assembly 200A to the combustion 
chamber 125C adjacent the preceding arm 140C. As shown in 
FIG. 1, a similar transfer passage 135B connects the valve as 
sembly 200B to the combustion chamber 125A, adjacent the 
preceding arm 140A; and a passage 135C connects the valve 
assembly 200C to the combustion chamber 125B of the arm 
140B. This arrangement permits the charges of air-fuel mix 
ture to be compressed first in one of the compression cham 
bers 124 and then transferred directly into one of the separate 
combustion chambers 125A-C in the compressed state. The 
passages 135 terminate in valve sockets 137 in communica 
tion with the combustion chambers 125. A suitable poppet 
valve 138 is provided in these sockets and is biased closed by a 
suitable compression spring or the like (not shown). The force 
of the expanding gases upon the ignition of the air-fuel mix 
ture in the combustion chamber 125 also tends to keep the 
valves 13B closed. The valves 138 will open in response tothe 
pressure of the compressed air-fuel charge, and permit the 
transfer of the compressed charge from the compression 
chambers 124 into the connected combustion chamber 125. 
As shown generally in FIGS. l and 5, the transfer valve as 

semblies 200 are removably mounted within the housing 120 
by suitable means such as threads or the like (not shown). In 
the preferred arrangement, the entire valve assembly 200 can 
be readily removed from the housing 120 for inspection, 
repair or replacement. As indicated in FIGS. l and 5, the in 
take ring 136 places the interior of the assembly 200 in fluid 
communication with the adjacent manifold openings 134 and 
136. Similarly, a series of compression ports 208 places the in 
terior of the valve 200 in fluid communication with the 
transfer channels 135A-C. 
Each valve assembly 200 also includes a sliding valve sleeve 

214 that is dimensioned to slide within the valve assembly and 
which includes a hub that receives the stem of a poppet valve 
220. As indicated in FIG. 5, the sleeve 214 is machined to seat 
against the inner end of the valve assembly 200 to close the 
compression ports 208. A calibrated compression spring 221 
constantly urges the sleeve 214 inwardly into such a closed 
position. The spring 221 assures that the ports 208 leading to 
the transfer channels 135 are normally closed by the sleeve 
214, but permits the sleeve to be retracted to open the ports 
208. The poppet valves 220 of the valve assemblies 200 seat 
against the inner end of the sleeve 214, to selectively close the 
sleeve. 

The outer end of each valve assembly 200 is closed by a 
housing 204. A compression spring 227 in the housing 204 
biases the poppet valve 220 outwardly into seating relation 
ship with the sleeve 214. A conventional rocker arm assembly 
230 is provided to actuate the poppet valve 220. As well 
known to those skilled in the art, the rocker arm assembly 230 
includes a rocker arm 231 which is actuated by suitable cam 
means 232 on the shaft 130 and a lift rod 233. The arm 231 
operates to bear against the stem of the valve 220 and over 
come the closing force of the spring 227. 

In operation, each of the transfer valve assemblies 200 is 
normally in a closed position, such as illustrated in FIG. 5. ln 
this normal position, the poppet valve 220 is closed against the 
sleeve 214. Further, the spring 221 forces the sleeve 214 to 
close the compression ports 208. The rocker arm assembly 
230 is timed to lift the poppet valve 220 into an open position 
when the associated arm 140 begins to swing inwardly. A 
charge of air-fuel mixture is thereby pulled from the engine 
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carburetor (not shown) through the intake manifold openings 
134 and 136 and into the associated compression chamber 
124. The rocker arm` assembly 250 is also timed to release the 
valve 220 and allow the spring 227 to seat the valve against the 
sleeve 214 when the associated arm 140 reverses direction 
and begins to move outwardly. 

After the compression chamber 124 of the associated arm 
140A-C is filled with the charge of air-fuel mixture, the out 
ward movement of the arm will compress the charge. The 
compression spring 227 is calibrated so that when the com 
pressed charge reaches a selected pressure the charge over 
comes the force of the spring 227 so that further outward 
movement of the arm 140 will slide the valve 220 and sleeve 
214 outwardly into an open position to expose the compres 
sion ports 208. The valve assembly 200 then connects the 
compression chamber 124 to the transfer passage 135A-C. 
Continued outward movement of the associated arm 140A-C 
will then transfer the compressed air-fuel charge from the 
compression chamber 124 to the connected combustion 
chamber 125A-C. The compressed charge then can be ignited 
by the plug 126 to impart a torque force to the rotor 150. 
As seen from FIGS. l and 6, the sloping portion 155 on the 

periphery of the rotor 150 leads the inwardly moving arms 
140A-C to a low dwell segment 156. The low dwell segment 
156 is concentric to the axis of rotation of the rotor 150 and 
extends along the rotor surface for a selected number of 
degrees. The dwell segment 156 thereby stops the inward 
movement of the arms 140A-C and defines the limit for in 
ward arm travel. The next segment of the rotor 150 is a rise 
segment 157, designed to force the engaged arm 140A-C out 
wardly from its innermost position (e.g., arm 140A in FIG. 1) 
toward its outermost position (e.g., arm 140C, FIG. 1). This 
rise segment 157 is shaped to force the arms 140A-C out 
wardly with approximately simple harmonic motion as the 
rotor 150 rotates through a selected number of degrees. 
The remaining portion of the rotor 150, between the rise 

segment 157 and the high point 153, comprises a high dwell 
segment 158. This segment 158, like the low dwell segment 
156, is concentric with the axis of rotation of the rotor 150, 
and will therefore function to maintain the engaged arm 
140A-C in its outermost position as the rotor 150 rotates 
through a selected number of degrees (e.g., arm 140C, FIG. 
l). The rotor 150 is thereby provided with a periphery having 
a single lobe, terminating at the high point 153, which allows 
each of the arms 140AC to complete its operating cycle as 
the rotor 150 rotates through 360°. By this arrangement, the 
expansion of a charge against each arm l40A-C and against 
the exposed portions of the rotor 150 will transmit one power 
impulse or stroke to the rotor 150 per rotor revolution. 
Further, since the three arms 140A-C are spaced by 120°, the 
cycle of operation for the arms will be uniformly spaced 120° 
out-of-phase. 

In accordance with this invention, the rotor fall segment 
154 is designed to complete the inward movement of the en 
gaged arm 140A-C as the rotor rotates for less than 120°, for 
instance l 10°. This arrangement will allow the inwardly mov~ 
ing arms to dccelerate smoothly, and assures that the inward 
power stroke of one arm, such as the arm 140A, is complete 
before its exhaust port 190A-C is opened by the inward move 
ment ofthe adjacent following arm, such as 140B. Further, the 
valving portions 145 of the arms 140A-C and the associated 
exhaust ports 190A-C are arranged so that the air-fuel charge 
expanded against one arm, such as the arm 140A in FIG. l, is 
not exhausted from the rotor housing 120 until the following 
arm, such as arm 140B, moves inwardly through a small arc, 
such as 10° or 20°. Hence, the exhaust ports 190A-C will not 
open prematurely, and optimum torque on the rotor 150 is ob 
tained by overlapping of the power impulses of the arms 
140A-C. 
The overlapping of the power impulses on the rotor 150 is 

further facilitated by arranging the low dwell segment 156 of 
the rotor to contact each of the arms 140A-C for from about 
10° to 20° of rotor rotation after the inward stroke of the fol 
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8 
lowing arm has started. The dwell segment 156 thereby 
precludes outward movement of the engaged preceding arm, 
such as arm 140A in FIG. l, until after the power strokes of 
the adjacent arms, such as arms 140A and B in FlG. 1, have 
overlapped. This arrangement of the dwell segment 156 also 
allows the charge to expand fully against the inwardly moving 
arm 140 (e.g., arm 140A) and the rotor 150 before the inward 
movement of the following arm (e.g., 140B) opens the as 
sociated exhaust port 190. The rise segment 157 on the rotor 
will then drive the preceding arm (e.g., 140A) outwardly and 
thereby force the spent exhaust gases into the exhaust system 
through the ports 190. 

Further in accordance with this invention, the operation of 
the engine 100 is timed so that a compressed air-fuel charge is 
ignited in the combustion chambers 125A-C before the nose 
153 of the rotor has rotated beyond the associated arm 
140A-C, respectively. More particularly, the engine 100 is 
adapted so that the high dwell segment 158 of the rotor 150 
will engage with the associated arm l40A-C and maintain the 
channels 127 closed for 45° to 60° of rotor rotation during the 
combustion of the compressed air-fuel charge in the as 
sociated combustion chamber 125A-C. In other words, the 
dwell segment 158 is designed to maintain the channels 127 
closed for a period of between approximately 35 and 50 per 
cent of the degrees of rotation through which the rotor 150 
engages each of the three uniformly spaced arms 140. This ar 
rangement ofthe rotor 150, the arms 140A-C, and the spheri 
cal combustion chambers 125A-C allows complete com 
bustion of the compressed air-fuel charge to occur in the com 
bustion chambers, before the gas is expanded into the rotor 
housing 120. Such complete combustion of the air-fuel charge 
substantially reduces the exhaust emissions and air pollutants 
resulting from the operation of the engine 100. 
The internal combustion engine 100 is also provided with 

start-up and counterbalancing systems. ln this connection, the 
flywheel housing 160 contains a flywheel 163 keyed to the 
drive shaft 130. The flywheel 163 includes counterweights to 
offset the mass of the single-lobe rotor 150 so' that the rotor 
and flywheel are in static and dynamic balance during opera 
tion ofthe engine. An accessory drive gear 164 and pinion 165 
are also provided in the housing 160 for driving engine acces 
sories, such as lubricating pumps and magnetos (not shown). 
A removable cover plate 166 permits inspection and repair of 
the components of the housing 160. 
The flywheel housing 160 further includes a cam start-up 

mechanism to provide the swinging arms 140A-C with posi 
tive drive during the initial cranking of the engine 100. To pro 
vide this start-up mechanism, the arm pivot pins 141 are ex 
tended into the flywheel housing 160 (FIG. 5) and a cam lever 
167 is fixed to each of the pins by suitable keys or the like. 
Further, each of the cam levers 167 is arranged to extend in a 
generally tangential direction with respect to the flywheel 163 
and has a cam follower roller 168 at its free end (FIG. 4). Due 
to this arrangement, a force applied to the rollers 168 will 
pivot the levers 167 and cause corresponding rotational move 
ment ofthe connected pin 141 and arm 140A-C. 
The engine 100 also includes means for positively driving 

the cam rollers 168, the levers 167 and the connected arms 
140A-C during engine start-up. The flywheel 163 thus defines 
an interior cam track 169 which is arranged in a predeter 
mined relationship with respect to the rotor 150 so as to 
sequentially engage with the cam rollers 168 as the flywheel 
163 rotates. The cam track 169 will thereby drive the arms 
140A-C sequentially inward into engagement with the fall 
segment 154 on the rotor 150, and the resulting arm move 
ment will draw an initial air-fuel charge into the associated 
compression chamber 124. The cam track 169 then releases 
the rollers 168 and permits the rotor 150 to return the arms 
140A-C outwardly. As described above, this outward arm 
movement will compress the airfuel charge in the associated 
chamber 124 and will then transfer the compressed charge 
through the connected valve assembly 200 into the connec 
tion combustion chamber 125A-C. 
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As shown in FIG. 4, the periphery of the cam track 169 in 

cludes a cam lift portion 169A adapted to engage with the fol 
lowers 168 after the nose 153 on the rotor 150 has traveled 
past the free end of the associated arm 140AC. The portion 
169A will thereby move the arms 140A-C sequentially inward 
against the fall segment 154 on the rotor 150 with approxi 
mately simple hannonic motion. Further, the cam track 169 
includes a low dwell portion 169B which engages with the cam 
followers 168 and permits the associated arms 140AC to 
remain inwardly against the low dwell segment 156 on the 
rotor 150 for a predetermined time period. A release portion 
169C of the track 169 follows the low dwell portion 169B and 
leads to a high dwell portion 169D. These track portions 169C 
and 169D release the rollers 168 and allow the rotor 150 to 
force the arms 140AC sequentially outward into the position 
as indicated by the arm 140C in FIG. 1. The arms 140 will 
thereby compress the charge of air-fuel mixture which was 
drawn into the associated compression chamber 124 by the 
previous inward arm stroke. The high dwell portion 169D of 
the track 169 is arranged to be adjacent the rollers 168 when 
the high dwell segment 158 of the rotor 150 is engaged with 
the associated arm 140A-C. 

Further, the track 169 is arranged so that it is spaced from 
the cam follower roller 168 by a small distance, in the range of 
0.01 to 0.025 inches, during normal engine operation. Thus, 
the track 169 engages with the rollers 168 to provide positive 
drive to the associated arms 140A-C only during engine start 
up or during any engine misfire, and permits the rotor 150 to 
operate without interference thereafter. 

In the operation of the engine 100, the swinging abutment 
arms 140AC transmit a torque force to the rotor 150 in pro 
portion to the magnitude of the force imposed upon the arms 
and the exposed portion of the rotor by the combustion of the 
charge. The rotor 150 and arms 140A-C function to compress 
the air-fuel charges and then transfer the compressed charges 
to separate spherical combustion chambers, where complete 
combustion can take place before the charges are expanded. 
Further, the rotor and the arms seal the expanding charge in 
one segment of the engine 100 from the spent charge exhaust 
ing from another engine segment. 
The interrelationship between the components of the en 

gine 100 will be apparent from a description of the operation 
of the engine through one complete cycle. Since the engine 
100 consists of three symmetrical segments, each including' 
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one of the arms 140A-C, the engine cycle could begin with . 
any one arm. For purposes of illustration, the engine operation 
will be described with reference to a cycle initiated by the 
movement ofthe arm 140A. 

To start the engine 100, the flywheel 163 is cranked, in a 
clockwise direction as seen in FIGS. 1 and 4, by applying an 
energizing force to a conventional starting bendix drive or the 
like (not shown). As indicated in FIGS. 4 and 5, the rotational 
movement of the flywheel 163 will cause the portions 169AD 
of the track 169 to sequentially engage with the cam rollers  
168. The cam track 169 thereby operates, through the rollers 
168 and the associated levers 167, to sequentially drive the 
arms 140A-C inwardly against the rotor 150. Further, the 
track 169 and the rotor 150 are arranged with respect to the 
rocker arm assemblies 230 (FIG. 5) so that such initial inward 
movement of the arms 140A-C is timed to coincide with the 
opening of the poppet valve 220 on the` associated transfer 
valve 200A-C. 
By this arrangement, the initial inward stroke of the arms 

140AC will draw a charge of air-fuel mixture through the as 
sociated transfer valve assemblies 200A-C and into the ad 
jacent compression chambers 124. Then, when the rollers 168 
engage with the release portion 169C of the cam track 169, 
the rotation of the rotor 150 will force the arms outwardly and 
thereby compress the air-fuel charge in the compression 
chambers 124. When the charges in the chambers 124 reach a 
predetermined pressure, the transfer valve assembly 200 will 
shift from the closed position to an open position. Thereafter, 
the outward arm movement of the associated 140A-C will 
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transfer the compressed air-fuel charge through the valve as 
sembly 200 and the connected transfer passage 135 into the 
connected combustion chamber 125AC (see FIG. l). After 
the combustion chambers 125A-C are sequentially fed with 
an initial charge of compressed air-fuel mixture in the above 
described manner, the air-fuel charges are ignited by the plugs 
126, and the charges expand and drive the associated arms 
140A~C inwardly against the rotor 150. After the engine 100 
is started, the cam track 169 will not engage with the as 
sociated rollers 160 as the flywheel 163 rotates, unless there is 
a mistire of one of the engine segments. 

Furthermore, the engine 100 is timed so that the com 
pressed air-fuel charges are ignited in the combustion cham 
bers 125A-C while the associated arm 140AC remains 
closed across the outlet channel 127, as illustrated generally in 
FIG. 2 and 3. ln accordance with this invention, the arm 140 
continues to be held in this outward position by the rotor 150, 
closed across the channel 127, as the rotor rotates an addi 
tional 45° to 60° after ignition. The air-fuel charge hence will 
be completely burned within the spherical combustion cham 
bers 125A-C before it is expanded in the rotor housing 120. 
Then, as indicated by the position of the arm 140A in FIG. l, 
the rotor 150 releases the arm 140 and permits the charge to 
expand against the ann and the periphery of the rotor. 
As the charge continues to expand from one combustion 

chamber, such as from the chamber 125A, a second com 
pressed charge is ignited in the following combustion 
chamber, such as in the chamber 125B. Next, as the continued 
rotation of the rotor 150 brings the rotor nose 153 beyond the 
end of the following arm, such as ann 140B, the ann is 
released and will be driven inwardly against the fall segment 
154 of the rotor 150 by the expansion force of the second 
charge. The power impulses transmitted to the rotor 150 by 
the expansion of the gases from the adjacent combustion 
chambers 125A and 125B are thereby overlapped in time, and 
the torque forces on the rotor 150 are smooth and continuous. 
The overlapping of the power impulses on the rotorV 150 is 

also facilitated by the arrangement of the exhaust ports 190 
and the associated sliding valve portions 145 on the arms 
l40A-C. As seen in FIG. ll, the ports 190 are positioned so 
that they remain closed by the valve portions 145 during the 
initial 10° to 20° of inward movement of the associated arm 
l40A-C. 
Hence, the gas charge expanding against the ann 140A, for 

instance, will not start to exhaust from the rotor housing 120 
through the port 190B until a second gas charge starts to ex 
pand against the following adjacent ann 140B; the next arm 
engaged by the rotor 150. After the port 190B opens, the con 
tinued motion of the adjacent arms 140A and 140B and the 
rotor 150 will scavenge the spent combustion gases from the 
rotor housing 120 and force such gases out through the 
opened exhaust port 190B. 
The cycle of operation for the arms 140B and 140C is the 

same as for the arm 140A, and the operations of the adjacent 
arms l40B-C and ll40C-A overlap in the same manner as 
described above with respect to the adjacent arms 140A and 
B. Since the compression, combustion and expansion cham 
bers of the engine 100 are separated, the design of the rotor 
150 and arms 140 can be adjusted to provide the engine with 
the desired characteristics, such as expansion of the charge to 
approximately atmospheric pressure before the charges are 
exhausted to the surrounding atmosphere. 
Some of the characteristics of the engine in accordance with 

this invention will be evident from a computerized simulation 
of the operation of an engine 100 having a 7 #inch internal 
diameter for the rotor housing 120 and a 4 inch width for the 
rotor 150 and arms 140A-C. Such a simulated engine had the 
following characteristics: 

l. Compression Chamber Volume-approx. 30 cu. in. 
2. Expansion Chamber Volume-approx. 54 cu. in. 
3. Combustion Chamber Volume-approx. 3.12 cu. in. 
4. Effective Expansion Ratio-approx. l2 to l 



3,660,978 
Il 

Based on 100 percent air charts, and an estimated ratio of 
specific heats (K) of 1.34, the projected indicated horsepower 
for the simulated engine is approximately 50.31 HP, at 1,200 
RPM. The indicated torque is approximately 1,641 inch 
pounds or 137 foot pounds. The Brake Horsepower would be 
approximately 45 BHP, at 1,200 RPM, with an estimated 90 
percent mechanical efficiency. 

MULTIPLE UNIT ENGINE ASSEMBLY 

FIGS. 9 and 10 illustrate a modified rotary internal com 
bustion engine assembly 300 in accordance with this inven 
tion. The engine assembly 300 is formed from multiple engine 
units 300A and 300B which are joined together around a com 
mon drive shaft 330. Each of the illustrated engine units 300A 
and B is identical in construction to the above-described en 
gine unit 100, and incorporates three uniformly spaced abut 
ment arms 140A-C and a single-lobe rotor 150. Modified 
transfer housings 370’ permit the separate units 300A and B 
to be joined rigidly together along the shaft 330. The other 
components of the engine units 300A and B also have been 
given the same reference numerals as the common component 
in the engine 100. 
As indicated in FIG. l0, the units 300A and B are joined on 

the shaft 330 so that the rotors and arms of the units are in 
static and dynamic balance. The need for any massive coun 
terbalancing means for the assembly 300 is thereby 
eliminated. Since the illustrated engine assembly 300 com 
prises two units 300A and B, the rotors 150 in the units are 
fixed to the common shaft 330 so as to be 180° out-of-phase. 
Further, the rotor housings 120 for the units 300A and B are 
arranged so that the swinging arms l40A-C for the unit 300A 
(shown in solid lines in FIG. 9) are oriented 60 out-of-phase 
with the corresponding arms 140A-C on the other engine unit 
300B (as shown in broken lines in FIG. 9). The engine units 
300A and B are thereby arranged in static and dynamic 
balance. 
During the operation of the assembly 300, each engine unit 

300A and B operates in the same manner as the above 
described engine 100. However, due to the out-of-phase 
orientation of the plurality of arms 140A-C on the units 300A 
and 300B, the arms will operate to transmit a power impulse 
to the common shaft 320 for each 60° of revolution of the 
shaft. The assembly 300 hence can be controlled by common 
ignition and throttling means to function as the equivalent of a 
conventional 12 cylinder, four-cycle piston engine, with six 
power impulses to the rotors 150 per shaft revolution. 
Furthermore, it is apparent from the above description that 
the assembly 300 can be formed from a selected even or odd 
number of engine units which are joined in a balanced fashion 
along the common shaft 320. The assembly 300 in accordance 
with this invention thus has great flexibility and can be 
adapted to suit the horsepower, power impulse-frequency, and 
space requirements of a variety of special industrial applica 
tions. 

MULTIPLE UNIT ENGINE ASSEMBLY-_CROSS 
COUPLED 

FIGS. l1 and 12 illustrate an additional modified engine as 
sembly 400 in accordance with this invention. The assembly 
400 comprises dual engine units 400A and B which are joined 
to a common drive shaft 430 in cross-coupled relationship. 
Each of the units 400A and B is similar in construction to the 
above-described engine 100 and, hence, the common com 
ponents have been indicated by the same reference numerals. 
Modified transfer housings 470A and B are adapted to rigidly 
secure the units 400A and B together and to crosscouple the 
compression and combustion chambers of the two units. 
The single-lobe rotors 450A and B included in the engine 

units 400A and B, respectively, have the same construction as 
the above-described rotor 150. As indicated in FIG. 12, these 
rotors 450A and B are joined to the common shaft 430 in an 
axially aligned relationship. The engine flywheels 163 offset 
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the mass of these aligned rotors 450A and B and maintain the 
engine assembly 400 in static and dynamic balance during 
operation. This alignment for the rotors 450A and B permits 
the cross-coupled engine units 400A and B to operate in the 
proper sequence. 
Each of the engine units 400A and B also includes three 

swinging abutment arms 440A-C and 440D-F, respectively, 
which are uniformly positioned around the shaft 430. The 
construction of each of these arms 440A-F is similar to the 
construction of the above-described arms 140A-C incor 
porated in the engine 100, and like portions have been given 
the same reference numerals. The unit 400A is positioned on 
the shaft 430 so that the arms 440A-C (shown in solid lines in 
FIG. 1l) are 60° out-of-phase with the arms 440D-F of the 
unit 400B (shown in broken in FIG. 1l). This arrangement 
places the combustion chambers 125AC and 125D-F of the 
engine units 400A and B, respectively, in axial alignment with 
the valve assemblies 200A-F and the connected compression 
chambers 124 of the opposite engine unit. In addition, the 
modified transfer housings 470A and B, as shown in FIG. l2, 
define fluid-tight transfer passages 435 between these aligned 
combustion and compression chambers. Hence, the compres 
sion chambers 124 in each engine unit 400A and B are in 
direct fluid communication with the combustion chambers 
125 in the opposite unit through short and substantially 
straight fluid passages which minimize internal fluid losses in 
the engine assembly 400. The short transfer passages 435 will 
further reduce the travel time and the velocity of the air-fuel 
charges during the transfer of the charges from the compres 
sion chambers 124 to the combustion chambers 125. 

In operation, the engine assembly 400 is started by cranking 
the flywheels 163 in the conventional manner so that the cam 
tracks 169 engage with the cam rollers 168. As described 
above with respect to the engine 100, the tracks 169 will posi 
tively drive the arms 440A-F sequentially inward and thereby 
draw charges of air-fuel mixture into the associated compres 
sion chambers 124 through the intake channels 132. The con 
tinued rotation of the rotors 450A and B induced by the iner 
tia of the flywheels 163 will then force the arms 440A-F 
sequentially outward and compress the air-fuel charges. 

After a selected gas pressure is reached in the compression 
chambers 124, further outward movement of the arms 
440A-C will open the valve assemblies 200A-F and transfer 
the compressed air-fuel charges into the connected com 
bustion chambers 125 through the direct transfer passages 
435. More specifically, the charge compressed in the chamber 
124 adjacent to arm 440A is transferred to the combustion 
chamber 125D adjacent the arm 440D; the charge com 
pressed by the arm 440B is transferred to the combustion 
chamber 125E adjacent the arm 440E; and the charge com 
pressed by the arm 440C is transferred to the combustion 
chamber 125F adjacent the arm 440F. Thus, the charges of 
air-fuel mixture compressed by the arms 440A-C of the en 
gine unit 400A are transferred for ignition and expansion into 
the combustion chambers 125 of the other engine unit 400B. 
The compression chambers 124 in the engine unit 400B are 
similarly connected by the transfer channels 435 to the axially 
aligned combustion chambers 125A-C in the opposite unit 
400A. Specifically, the charge compressed by the arm 440D is 
transferred to the combustion chamber 125C associated with 
the arm 440C; the charge compressed by the arm 440E is 
transferred to the chamber 125A adjacent the arm 440A; and 
the charge compressed by the arm 440F is transferred to the 
combustion chamber 125B adjacent the arm 440B. 

After the transfer of the compressed charges occurs in the 
above-described manner, the charges are sequentially ignited 
in the combustion chambers 125 by the spark plugs 126. The 
charges will then expand sequentially against the associated 
arms 440A-F and rotors 450A or B and thereby transmit a 
substantial torque force to the output shaft 430. As described 
above with respect to the engine 100, the rotors 450A and B, 
the arms 440A-F and the exhaust ports 190 are arranged to 
overlap the expansion of the charges against the rotor and thc 
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adjacent arms (for instance, the arms 440A and B in the unit 
400A and the arms 440D and E in the unit 400B), so that the 
flow of torque to the shaft 430 is smooth and continuous. 

Furthermore, as described above with respect to the engine 
100, the assembly 400 is timed so that the combustion cham 
bers 125 remain closed by the associated arm for an additional 
45° to 60° of rotor rotation (i.e.: about 35-50 percent of the 
engagement of the rotor with each arm) after the air-fuel 
charges are ignited by the spark plugs 126. This arrangement 
permits substantially complete combustion of the air-fuel 
charges in the spherical combustion chambers 125 before the 
charges are released for expansion into the rotor housing 120, 
and thereby substantially reduces the pollutant emissions of 
the assembly 400. The fully expanded charges are then ex 
hausted from the rotor housing 120 through the exhaust ports 
190 in the same manner as described above with respect to the 
`engine 100. 

MULTIPLE UNIT ENGINE ASSEMBLY-DOUBLE LOBE 
ROTORS 

FIGS. 13 and 14 illustrate a rotary internal combustion en 
gine assembly 500 constructed in accordance with this inven 
tion. The assembly 500 is formed from dual engine units 500A 
and B which are substantially identical in construction and are 
cross-coupled together about a common shaft 530. In ac 
cordance with this invention, the individual engine units 500A 
and B include double lobe rotors 550A and B, respectively, 
which are arranged in axial alignment on the common shaft 
530. Furthermore, the units 500A and B each include four 
uniformly spaced swinging abutment arms 540A-D and 
540E-H, respectively. 

Referring to FIGS. 13 and 14 in more detail, the section 
14A-14A in FIG. 13 is a section taken in the engine unit 
500A, and the section 14H-14B is a section taken in the unit 
500B. Both such sections are illustrated in FIG. 14. Each of 
the engine units 500A and B includes a rotor housing 520 
which surrounds the central shaft 530 and provides a generally 
cylindrical chamber for the associated rotor 550A or B. As 
shown in P IG. 14, the housings 520 are machined to have sub 
stantially the'same width as the swinging arms 540 and the r0 
tors 550. The ends of the engine assembly 500 are closed by 
flywheel housings 560 and 570. Suitable bearings 571 support 
the common shaft 530 centrally disposed in these housings. 
The housings 560 and 570 define machined end plates 562 
and 572, respectively, which seal the adjacent ends of the en 
gine assembly 500. The assembly 500 also includes a central 
transfer housing 575 which is mounted on the shaft 530 so as 
to seal the interior of the engine units 500A and B from each 
other. The housing 575 defines machined face plates 576. 
These housings 560, 570 and 575 include apertures for receiv 
ing suitable head bolts and gasketing material (not shown) to 
join the housings together in sealed relationship and for sup 
porting the pivot pins 541 (FIG. 13) of the swinging abutment 
arms 540A-H. 

As shown in FIGS. 14 and l5, the housings 560 and 570 in 
corporate flywheels 563 for cranking the engine assembly 
500. Further, a cam track 569 is provided on the flywheels 
563 for engaging with cam follower rollers 568. As described 
above with respect to the engine 100, the rollers 568 are 
joined to the adjacent arms 540A~H by levers 567A-H, 
respectively. The cam tracks 569 will operate through the 
levers 567 and rollers 568 to sequentially drive the arms 
540A-H inwardly when the flywheels 563 are cranked. 
More specifically, as seen in FIG. l5, the cam track 569 on 

each flywheel 563 includes a pair of diametrically opposed 
cam lift portions 569A which lift the rollers 568 and drive the 
connected arms 540 inwardly against the associated rotor 550. 
A pair of diametrically opposed first dwell portions 569B on 
each track 569 follow the lift portions 569A and engage the 
rollers 568 to allow the arms 540 to remain inward for a 
selected time period. A pair of opposed release portions 569C 
on the tracks S69 then release the rollers 568 so that the rotors 
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M 
550 can drive the associated arms 540 outwardly. Finally, a 
pair of opposed second dwell portions 569D on the tracks 569 
allow the arms 540 to remain in an outward position for a 
selected time period. 
As further described with respect to the engine 100, the 

cam tracks 569 are arranged to clear the rollers $68 during the 
normal operation of the engine assembly 500, and to engage 
with the rollers 560 during engine start-up or misfire. The arm 
movement induced by the tracks S69 will hence draw in an ini 
tial charge of air-fuel mixture into the compression chambers 
of the assembly 500. 
As indicated in FIGS. 13 and 14, the rotors 550A and B are 

connected to the common shaft 530 by keys, and the arms 
540A-H are similarly mounted on the pivot pins 541. This ar 
rangement mounts the arms 540A~H and the rotors 550 
within the rotor housings 520 in a free floating relationship, so 
that the rotors and arms can shift laterally within the housings 
during the operation of the assembly 500. The free-floating ro 
tors 550 and arms 540 can hence be sealed against the plates 
562, 572 and 576 by means of labyrinth sealing grooves 521 
provided on the side portions of the arms and the rotors. 
As described above with reference to FIGS. 8A and 8B, the 

labyrinth grooves 521 are short and discontinuous, and are ar 
ranged in an unaligned orientation which follows the general 
profile of the associated arm or rotor. Each of the labyrinth 
grooves 521 thus functions as a check valve to substantially 
stop the flow of gas past the arms or rotors adjacent the plates 
562, 572 and 576 of the assembly 500. The effectiveness of 
the seal created by the grooves 521 is enhanced by selecting 
the materials for the rotors, arms, and housings to have sub 
stantially equal coefficients of expansion. The clearance 
between the rotor, arms and end plates described above will 
hence be substantially constant regardless of the load or 
operating temperature of the engine assembly 500. 
The swinging abutment arms 540A-I-I are identical in con 

struction. As illustrated in solid lines in FIG. 13, four of the 
arms l540A--D are uniformly spaced in the engine unit 500A 
around the associated rotor 550A. As shown by the broken 
lines in FIG. 13, the other four arms 540E-H are unifonnly 
spaced about the rotor 550B within the engine unit 500B. 
Further, the engine units 500A and B are offset on the shaft 
530 so that the four arms 500A-D are 45° out-of-phase with 
the other four arms 540E-H. As also illustrated in FIG. 13, the 
rotors 550A and B are joined to the shaft 530 in an axially 
aligned relationship. Such orientation for the rotors 550 and 
arms 540 permits the engine units 500A and B to operate 
jointly in the assembly 500 to produce a smooth and continu 
ous application of torque to the output shaft 530. 
The free end of each of the swinging arms 540A-I-I includes 

a bevelled contact surface 543 for engaging with and sealing 
against the periphery of the associated rotor 550 during the in 
ward power stroke of the arm. Further, each arm 540 includes 
a machined inner surface 544 adapted for engaging with the 
periphery of the associated rotor 550 as the rotor returns the 
arm outwardly after the power stroke is completed. A projec 
tion 546 on each arm defines the point closest to the as 
sociated pivot pin 541 at which the associated rotor 550 will 
engage the arms. A relief portion 547 on each arm allows the 
rotors 550 to engage with the projections 546. The projection 
546 thereby causes the rotor 550 to contact the arms at a 
point of substantial leverage which is remote from the pivot 
pins 541. Suitable sealing strips (not shown) may be provided 
on the arms 540 to seal the compression, combustion and ex 
pansion chambers of each engine units 500A and B from each 
other. 

ln accordance with this invention, each of the anns 540A-H 
has front and rear-edges 581 and 582, respectively, which con 
verge to provide each arm with an integral projecting horn 
member 580 which extends outwardly from the arm. The front 
edge 581 of each arm is arcuate and generally concentric with 
the associated pivot pin 541 and extends outwardly for a 
length exceeding the predetermined distance of the inward 
arm stroke. The front edge 581 is also spaced, as indicated in 
















