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57 ABSTRACT 
There is disclosed a start-up system for a rotary internal 
combustion engine induces a type having a plurality of 
swinging arms pivotally supported about the periphery 
of a rotor housing with a rotor supported by a power 
shaft controling the cycle of movement of the arms to 
define compression and combustion chambers in ap 
propriately timed relation. A cam track and cam fol 
lower mechanism includes lift segments for driving the 
connected arms inwardly to expand the compression 
chamber and draw a charge of air-fuel mixture therein 
and release segments for releasing the cam followers to 
permit the rotor to drive the arm inwardly and com 
press the charge and transfer it to a combustion cham 
ber. A cranking means induces rotation of the flywheel 
to initiate the start cycle. Other features are disclosed. 

2 Claims, 17 Drawing Figures 
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START-UP MECHANISM FOR ROTARY 
COMBUSTON ENGINE 

CROSS-REFERENCE TO RELATED APPLICATION 

This application is a division of application Ser. No. 
820,331, filed Sept. 24, 1969, now U.S. Pat. No. 
3,660,978, and assigned to the same assignee as the 
present invention. 

SUMMARY OF THE INVENTION 
It is an objective of the present invention to provide 

a reliable and economical start-up system for a rotary 
internal combustion engine. 
The present invention relates to a cam start-up sys 

tem for a rotary internal combustion engine having a 
plurality of uniformly spaced swinging arms pivotally 
supported about the periphery of a rotor housing, a 
rotor on a power output shaft positioned within said 
housing to engage the arms and control the cycle of 
outward and inward movement of the arms with re 
spect to said shaft, expandable compression chambers 
defined by said arms and the adjacent rotor housing, 
and combustion chambers positioned in the housing for 
fluid compression chambers. Specifically the start-up 
system of the invention comprises flywheel means se 
cured to the output shaft and defining a circular cam 
track positioned around the shaft and adapted for rota 
tion with the rotor. A cam follower connected to each 
of the arms is arranged so that the followers are spaced 
uniformly around the shaft adjacent said cam track, the 
cam track including a lift segment engageable with the 
cam followers to drive the connected arm inwardly and 
expand the associated compression chamber, to 
thereby draw a charge of air-fuel mixture into said 
compression chamber. The cam track further includes 
a release segment adapted to release the cam followers 
and permit the rotor to drive the arms inwardly to com 
press the charge of air-fuel mixture in the associated 
compression chamber and transfer the compressed 
charge to one of the combustion chambers. Finally, 
cranking means are provided for inducing rotation of 
said flywheel and the rotor to sequentially engage each 
of the cam followers with the cam track segments and 
thereby initiate the cycle of operation for each of the 
2S, 

EXEMPLARY EMBODIMENTS 

Additional objects and features of the present inven 
tion will become apparent from the following descrip 
tion of several exemplary embodiments, wherein stan 
dard engine components, such as the carburetor, the 
throttling mechanism and the like, have been omitted 
for sake of clarity. In the drawings: 

FIG. 1 is a cross-sectional view of one embodiment 
of an internal combustion engine in accordance with 
the present invention which incorporates a single-lobe 
rotor and three swinging abutment arms; 
FIG. 2 is a removed and enlarged sectional view of 

the combustion chamber incorporated in the engine il 
lustrated 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 combustion chamber of the same engine, illustrat 
ing a modified labyrinth seal for sealing the combustion 
chambers and arms; 
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FIG. 3A is a further enlarged sectional view of the 

labyrinth sealing between the associated arm and com 
bustion chambers, as illustrated in FIG. 3; 
FIG. 4 is a partial sectional end view of the engine il 

lustrated in FIG. 1, schematically showing a cam start 
up mechanism for initiating the movement of the 
swinging abutment arms; 
FIG. 5 is a side view of the engine as viewed along the 

line 5-5 in FIG. 1; m 
FIG. 6 is a removed perspective view of the single 

lobe rotor incorporated in the embodiment of the en 
gine illustrated in FIGS. 1-5, particularly showing the 
labyrinth sealing means provided in the side portions 
thereof and the spline connection which permits the 
rotor to be free-floating within the engine housing; 
FIG. 7 is a removed perspective view of one of the 

swinging abutment arms incorporated in the engine 
embodiment illustrated in FIGS. 1-5, particularly 
showing the labyrinth sealing grooves incorporated on 
the sides thereof, and the spline connection which per 
mits 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 discontinuous and non-aligned arrange 
ment 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 of the grooves; 
FIG. 9 is a partial sectional end view of an engine as 

sembly in accordance with this invention which incor 
porates dual cross-coupled engine units wherein each 
of the engines includes a double-lobe rotor and four 
wedge-shaped swinging abutment arms; 
FIGS. 10A and 10B are joined sectional side eleva 

tional views of the engine assembly illustrated in FIG. 
9, as viewed along the section lines 10A-10A and 
10B-10B, respectively; 
FIG. 11 is a partial sectional end view of the dual en 

gine shown in FIGS. 9 and 10, illustrating a cam start 
up mechanism for each engine unit in the dual engine 
assembly; 
FIG. 12 is a partial sectional end view of a balanced 

single engine unit in accordance with this invention in 
cluding a double-lobe rotor and six-swinging abutment 
arms; 
FIG, 13 is a sectional side elevational view of the sin 

gle 6-arm engine unit, as viewed along the line 13-13 
in FIG. 12; and 
FIG, 14 is a partial sectional end view of the engine 

unit shown in FIGS. 12 and 13, illustrating a cam start 
up mechanism for the unit. 
SINGLE LOBE ROTOR-SINGLE ENGINE UNIT 
FIGS. 1-8 illustrate a rotary internal combustion en 

gine 100 incorporating three uniformly spaced swing 
ing abutment arms 140A-C and a single-lobe rotor 
150. The rotor 150 is contained within the generally cy 
lindrical opening defined by a rotor housing 120, and 
is mounted on a central drive shaft 130. The arms 140 
and 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 140A-C so that the arms are directed 
sequentially inwardly against the rotor 150. The ex 
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panding air-fuel mixture thereby works against the ex 
posed surface of the rotor 150 and against the arms 
140A-C 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 

210 is closed by a flywheel housing 160, and the other 
end is closed by a fluid transfer housing 170. The hous 
ings 160 and 170 includes centrally located main bear 
ings 161 and 171, respectively, 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. Suitable head 
bolts and gasketing material (not shown) are employed 
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. 1) 
about which the abutment arms 140A-C swing during 
the operation of the engine 100. 
As indicated in FIG. 7, one end of each of the arms 

140A-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 rotation on the pivot pins 141, 
but are capable of loating or shifting laterally on the 
pins to maintain a position of equilibrium within the 
rotor housing 120 during the operation of the engine 
100. As indicated in FIGS. 5 and 6, the rotor 150 also 
includes a splined aperture 151 which receives corre 
sponding splines 131 provided on the shaft 130. Ac 
cordingly, 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 seal 
ing 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, discontin 
uous grooves provided in the side portion of the associ 
ated part in an unaligned orientation. Each groove 121 
is arranged to follow the general profile of the associ 
ated arm or rotor and functions as a check valve to sub 
stantially 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 orienta 
tion of the grooves 121 also prevent gas from traveling 
laterally along the full length of the rotor or arm within 
the grooves during the operation of the engine 100. 
The slight clearance between the plates 162 and 172, 
rotor 150, and arms 140A-C is maintained substan 
tially constant during the operation of the engine, re 
gardless of engine load or operating temperature, by 
the free-floating 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 140A-C includes a bevelled contact sur 
face 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 surface 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 sub 
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4. 
stantial 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 dis 
tributing 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 out 
wardly after the inward 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 
includes a relief portion 147 to allow the rotor 150 to 
engage with the projection 146. This arrangement as 
sures that the arms 140A-C and the rotor 150 will con 
tact at a point remote from the pivot pin 141, so that 
the arms engage with the rotor 150 at a point of sub 
stantial leverage. The rotor housing 120 is further pro 
vided with a plurality of sealing strips 148 adjacent 
each of the arms 140A-C. The strips 148 engage with 
the swinging arms 140A-C and separate the compres 
sion, combustion, expansion and exhaust chambers of 
the engine from each other, as explained in more detail 
hereinafter. 
As shown in FIG. 1, the end of each arm 140A-C ad 

jacent 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 selec 
tively open and close an adjacent exhaust port 190A-C 
provided in the end plates. As illustrated by the posi 
tions of the arms 140B and C in FIG. 1, 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 illustrated 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 posi 
tion against the periphery of the rotor 150. The burned 
combustion gases are exhausted from the engine 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 145, 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 abovedescribed sealing strips 148 
are positioned to prevent the exhaust gases from be 
coming trapped within these recesses 159, and thereby 
avoid a back pressure which would retard the move 
ment of the arms 140. If desired, the danger of back 
pressure in these recesses 159 can be avoided by vent 
ing the recesses to the atmosphere. 
Each of the arms 140A-C in the engine 100 is pro 

vided with an outwardly projection horn member 180, 
The horns 180 are formed integrally with the associ 
ated arm 140, and are designed to extend outwardly 
from the arm for a distance which exceeds the length 
of the inward arm stroke. Further, the horns 180 are 
positioned adjacent the free end of each of the arms 
140A-C, and terminate in an arcuate front edge 181 
which is positioned to be substantially concentric with 
the pivot pin 141 of the associated arm 140A-C. Each 
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horn 180 further includes a rear edge 182 which is ar 
ranged to converge with the front edge 181 to provide 
the horn with an outwardly tapered or wedge-shaped 
configuration. 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 define a substantially 
flat contact surface 149 which is adapted to receive the 
force of the expanding combustion gases during the op 
eration of the engine 100. 
As shown in FIG. 1, the rotor housing 120 is formed 

with a plurality of horn recesses 122 which accommo 
date the projecting 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 posi 
tion. Further, the recesses 122 include arcuate forward 
edges 123 which, like the front edge 181 of the horns 
180, are concentric with the arm pivot pin 141. The 
horn edge 181 will therefore slide in sealed engagement 
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 arms 140, the horns will re 
main in sealed engagement with the rotor housing 120, 
along the edge 123, throughout the operation of the en 
gine. Thus, the horn recess 122 and the adjoining space 
behind each of the arms 140A-C defines a closed com 
pression chamber 124 which expands in volume as the 
associated arm moves inwardly toward the rotor 150. 
These expandable compression 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 combustion 
chamber. The outwardly tapered shape of the horns 
180, and the arrangement of the horns in the recesses 
122, precent 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 operation of the engine 100. 
The engine 100 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 
140A-C. The combustion chambers 125A-C are 
spherical in configuration 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 combustion 
chambers 125A-C into fluid communication with the 
interior of the rotor housing 120 at a point outside of 
the contact 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 to 
ward 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 
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6 
140A-C and also directly against the rotor. As seen in 
FIGS. 1 and 2, a sealing strip 148 is provided adjacent 
the outlet channel 127 to seal the compression cham 
bers 124 from the adjacent expansion chamber in the 
interior of the rotor housing 120. 

Further, the contact surface 49 on each arm 
140A-C is provided with means to seal the outlet chan 
nels 127 when the associated arm 140 is in its outer 
most 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 arm 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 prefera 
bly 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 pivit pin 141 
as the associated arm 140 swings outwardly. By this ar 
rangement, the poppet valve 128 can be accurately 
seated in the mouth of the channel 127, and an effec 
tive seal is accomplished. In the alternative, the com 
bustion chambers 125A-C can be sealed with labyrinth 
sealing means, as shown in FIGS. 3 and 3A. To accom 
plish 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 sur 
face 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 outermost position. 
As indicated in FIGS. 1 and 5, the rotor housing 120 

is also provided with a plurality of uniformly 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 cham 
ber 124. As shown in FIG. 5, an intake passage 132 and 
manifold 133 connect each of the valve assemblies 200 
to a suitable carburetor system (not shown) which 
feeds the engine 100 with metered charges of a com 
bustible air-fuel mixture. The intake passage 132 termi 
nates in an annular ring 134 which is aligned with an 
inlet ring 136 in the valve assembly 200. 
The engine 100 also includes means to transfer a 

compressed charge of air-fuel mixture from each of the 
compression chambers 124 through the apertures 202 
and into combustion chamber 125 adjacent the preced 
ing arm 140. To accomplish this transfer function, the 
transfer housing 170 includes a fluid-tight transfer pas 
sage 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 assembly 200B to the combus 
tion 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 
chambers 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 communication with the combustion 
chambers 125. A suitable poppet valve 138 is provided 
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in these sockets and is biased closed by a suitable com 
pression spring or the like (not shown). The force of 
the expanding gases upon the ignition of the air-fuel 
mixture in the combustion chamber 125 also tends to 
keep the vales 138 closed. The valves 138 will open in 
response to the press-re 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. 1 and 5, the transfer 

8 
pressure the charge overcomes 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 compression ports 208. 
The valve assembly 200 then connects the compression 
chamber 124 to the transfer passage 135A-C. Contin 
ued outward movement of the associated arm 140A-C 
will then transfer the compressed air-fuel charge from 

O 

valve assemblies 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. 1 and 5, the intake ring 136 
places the interior of the assembly 200 in fluid commu 
nication with the adjacent manifold openings 134 and 
136. Similarly, a series of compression ports 208 places 
the interior of the valve 200 in fluid communication. 
with the transfer channels 135A-C. i- - - - - 

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 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 assem 
blies 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 compressing spring 227 in the 
housing 204 biases the poppet valve 220 outwardly into 
seating relationship with the sleeve 214. A conven 
tional 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 oper 
ates 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.S. In 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 asso 
ciated arm 140 begins to swing inwardly. A charge of 
air-fuel mixture is thereby pulled from the engine car 
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the compression chamber 124 to the connected com 
bustion chamber 125A-C. The compressed charge 
then can be ignited by the plug 126 to impart a torque 
force to the rotor 150. . . 
As seem fron FIGS. 1 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 rota 
tion of the rotor 150 and extends along the rotor sur 
face for a selected number of degrees. The dwell seg 
ment 156 thereby stops the inward movement of the 
arms 140A-C and defines the limit for inward arm 
travel. The next segment of the rotor 150 is a rise seg 
ment 157, designed to force the engaged arm 140A-C 
outwardly from its innermost position (e.g., arm 140A 
in FOG.. 1) toward its outermost position (e.g., arm 
140C, FIG. 1). This rise segment 157 is shaped to force 
the arms 140A-C outwardly with approximately simple 
harmonic motion as the rotor 150 rotates through a se 
lected 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 
swell segment 156, is concentric with the axis of rota 
tion of the rotor 150, and will therefore function to 
maintain the engaged arm 140A-C in its outermost po 
sition as the rotor 150 rotates through a selected num 
ber of degrees (e.g., arm 140C, FIG. 1). The rotor 150 
is thereby provided with a periphery having a single 

40 
lobe, terminating at the high point 153, which allows 
each of the arms 140A-C to complete its operating 
cycle as the rotor 150 rotates through 360. By this ar 
rangement, the expansion of a charge against each arm 
140A-C and against the exposed portions of the rotor 
150 will transmit one power impulse or stroke to the 
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buretor (not shown) through the intake manifold open 
ings 134 and 136 and into the associated compression 
chamber 124. The rocker arm assembly 230 is also 
timed to release the valve 220 and allow the spring 227 
to seat the valve against the sleeve 214 when the associ 
ated 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 mix 
ture, the outward movement of the arm will compress 
the charge. The compression spring 227 is calibrated so 
that when the compressed charge reaches a selected 

60. 

rotor 150 per rotor revolution. Further, since the three 
arms 140A-C are spaced by 120, the cycle of opera 
tion for the arms will be uniformly spaced 120 
out-of-phase. 

In accordance with this invention, the rotor fall seg 
ment 154 is designed to complete the inward move 
ment of the engaged arm 140A-C as the rotor rotates 
for less than 120 degrees, for instance 110 degrees. 
This arrangement will allow the inwardly moving arms 
to decelerate smoothly, and assures that the inward 
power stroke of one arm, such as the arm 140A, is com 
pleted before its exhaust port 190A-C is opened by the 
inward movement of the 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 airfuel charge expanded against 
one arm, such as the arm 40A in F.G. 1, is not ex 
hausted from the rotor housing 120 until the following 

65 

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 obtained by overlapping of 
the power impulses of the arms 140A-C. 
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The overlapping of the power impulses on the rotor 
150 is further facilitated by arranging the low dwell seg 
ment 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 following arm has started. 
The dwell segment 156 thereby precludes outward 
movement of the engaged preceding arm, such as arm 
140A in FIG. 1, until after the power strokes of the ad 
jacent arms, such as arms 140A and B in FIG. 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 associated 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 opera 

tion 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 140A-C and maintain the channels 127 
closed for 45 to 60° of rotor rotation during the com 
bustion of the compressed air-fuel charge in the associ 
ated combustion chamber 125A-C. This arrangement 
of the rotor 150, the arms 140A-C, and the spherical 
combustion chambers 125A-C allows complete com 
bustion of the compressed air-fuel charge to occur in 
the combustion 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 opera 
tion of the engine 100. 
The internal combustion engine 100 is also provided 

with start-up and counterbalancing systems. In 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 operation of the 
engine. An accessory drive gear 164 and pinion 165 are 
also provided in the housing 160 for driving engine ac 
cessories, such as lubricating pumps and magnetos (not 
shown). A removable cover plate 166 permits inspec 
tion and repair of the components of the housing 160, 
The flywheel housing 160 further includes, in accor 

dance with the present invention, a cam start-up mech 
anism to provide the swinging arms 140A-C with posi 
tive drive during the initial cranking of the engine 100, 
To provide this start-up mechanism, the arm pivot pins 
141 are extended 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 le 
vers 167 is arranged to extend in a generally tangential 
direction with respect to the flywheel 163 and has a 
cam follower roller 168 at is free end (FIG. 4). Due to 
this arrangement, a force applied to the rollers 168 will 
pivot the levers 167 and cause corresponding rotational 
movement of the 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 con 
nected arms 140A-C during engine start-up. The 
flywheel 163 thus defines an interior cam track 169 
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10 
which is arranged in a predetermined 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 seg 
ment 154 of the rotor 150, and the resulting arm move 
ment will draw an initial air-fuel charge into the associ 
ated 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 
air-fuel charge in the associated chamber 124 and will 
than transfer the compressed charge through the con 
nected valve assembly 200 into the connected combus 
tion chamber 125A-C. 
As shown in FIG. 4, the periphery of the cam track 

169 includes a cam lift portion 169A adapted to engage 
with the followers 168 after the nose 153 on the rotor 
150 has traveled past the free end of the associated arm 
140A-C. The portion 169A will thereby move the arms 
140A-C sequentially inward against the fall segment 
154 on the rotor 150 with approximately simple har 
monic motion. Further, the cam track 169 includes a 
low dwell portion 169B which engages with the cam 
followers 168 and permits the associated arms 140A-C 
to remain inwardly against the low dwell segment 156 
on the rotor 150 for a predetermined time period. A re 
lease 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 
140A-C sequentially outward into the position as indi 
cated 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 adja 
cent 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 en 
gine 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 abut 
ment arms 140A-C transmit a torque force to the rotor 
150 in proportion to the magnitude of the force im 
posed 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 com 
plete combustion can take place before the charges are 
expanded. Further, the rotor and the arms seal the ex 
panding charge in one segment of the engine 100 from 
the spent charge exhausting from another engine seg 
et. 

The interrelationship between the components of the 
engine 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 seg 
ments, each including one of the arms 140A-C, the en 
gine cycle could begin with any one arm. For purposes 
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of illustration, the engine operation will be described 
with reference to a cycle initiated by the movement of 
the arm 140A. 
To start the engine 100, the flywheel 163 is cranked, 

in a clockwise direction as seen in FIGS. 1 and 4, by ap 
plying 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 169A-D 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 140A-C will draw a charge of air-fuel mixture 

10 

15 

through the associated transfer valve assemblies 
200A-C and into the adjacent compression chambers 
124. Then, when the rollers 168 engage with the re 
lease 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 compres 
sion 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 transfer the compressed 
air-fuel charge through the valve assembly 200 and the 
connected transfer passage 135 into the connected 
combustion chamber 125A-C (see FIG. 1). 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 associated rollers 
168 as the flywheel 163 rotates, unless there is a misfire 
of one of the engine segments. 
Furthermore, the engine 100 is timed so that the 

compressed air-fuel charges are ignited in the combus 
tion chambers 125A-C while the associated arm 140A 
Cremains closed across the outlet channel 127, as illus 
trated generally in FIGS. 2 and 3. In 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 additional 45 to 
60 after ignition. The air-fuel charge hence will be 
completely burned within the spherical combustion 
chambers 125A-C before it is expanded in the rotor 
housing 120. Then, as indicated by the position of the 
arm 140A in FIG. 1, the rotor 150 releases the arm 140 
and permits the charge to expand against the arm and 
the periphery of the rotor. 
As the charge continues to expand from one combus 

tion chamber, such as from the chamber 125A, a sec 
ond compressed charge is ignited in the following com 
bustion 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 arm 140B, the arm is released and will be 
driven inwardly against the fall segment 154 of the 
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rotor 150 by the expansion force of the second charge. 

12 
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 rotor 

150 is also facilitated by the arrangement of the ex 
haust ports 190 and the associated sliding valve por 
tions 145 on the arms 140A-C. As seen in FIG. 1, the 
ports 190 are positioned so that they remain closed by 
the valve portions 145 during the initial 10 to 20 de 
grees of inward movement of the associated arm 
140A-C. 
Hence, the gas charge expanding against the arm 

140A, for instance, will not start to exhaust from the 
rotor housing 120 through the port 190B until a second 
gas charge starts to expand against the following adja 
cent arm 140B; the next arm engaged by the rotor 150. 
After the port 190B opens, the continued 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 140B-C and 140C-A overlap in the 
same manner as described above with respect to the ad 
jacent arms 140A and B. Since the compression, com 
bustion and expansion chambers 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 char 
acteristics, such as expansion of the charge to approxi 
mately atmospheric pressure before the charges are ex 
hausted to the surrounding atmosphere. 
Some of the characteristics of the engine in accor 

dance with this invention will be evident from a com 
puterized simulation of the operation of an engine 100 
having a 7-% inch internal diameter for the rotor hous 
ing 120 and a 4 inch width for the rotor 150 and arms 
140A-C. Such a simulated engine had the following 
characteristics: 
i. 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. 12 to 1 
Based on 100 percent air charts, and an estimated 

ratio of specific heats (K) of 1.34, the projected indi 
cated horsepower for the simulated engine is approxi 
mately 50.31 HP, at 1200 RPM. The indicated torque 
is approximately 1641 inch pounds or 137 foot 
pounds. The Brake Horsepower would be approxi 
mately 45 BHP, at 1200 RPM, with an estimated 90 
percent mechanical efficiency. 
Multiple Unit Engine Assembly - Double Lobe Rotors 
FIGS. 9 and 10 illustrate a rotary internal combustion 

engine assembly 500 constructed in accordance with 
this invention. The assembly 500 is formed from dual 
engine units 500A and B which are substantially identi 
cal in construction and are cross-coupled together 
about a common shaft 530. in accordance with this in 
vention, 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 S30. 
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Furthermore, the units 500A and B each include four 
uniformly spaced swinging abutment arms 540A-D and 
540E-H, respectively. 
Referring to FIGS. 9 and 10 in more detail, the sec 

tion 10A-10A in FIG. 9 is a section taken in the en 
gine unit 500A, and the section 10B-10B is a section 
taken in the unit 500B. Both such sections are illus 
trated in FIG. 10. 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 FIG. 10, the housings 520 are machined to have sub 
stantially the same width as the swinging arms 540 and 
the rotors 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 engine 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, 576 and 575 include 
apertures for receiving suitable head bolts and gasket 
ing material (not shown) to join the housings together 
in sealed relationship and for supporting the pivot pins 
541 (FIG.9) of the swinging abutment arms 540A-H. 
As shown in FIGS. 10 and 11, the housings 560 and 

570 incorporate flywheels 563 for cranking the engine 
assembly 500. Further, a cam track 569 is provided on 
the flywheels 563 for engaging with cam follower roll 
ers 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 roll 
ers 568 to sequentially drive the arms 540A-H in 
wardly when the flywheels 563 are cranked. 
More specifically, as seen in FIG. 11, the cam track 

569 on each flywheel 563 includes a pair of diametri 
cally opposed can lift portions 569A which lift the roll 
ers 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 569 then release the rollers 568 so that 
the rotors 550 can drive the associated arms 540 out 
wardly. Finally, a pair of opposed second dwell por 
tions S69D on the tracks 569 allow the arms 540 to re 
main 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 568 
during the normal operation of the engine assembly 
500, and to engage with the rollers 568 during engine 
start-up or misfire. The arm movement induced by the 
tracks 569 will hence draw in an initial charge of air 
fuel mixture into the compression chambers of the as 
sembly 500. 
As indicated in FIGS. 9 and 10, the rotors S50A 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 arrangement 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 
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14 
can shift laterally within the housings during the opera 
tion of the assembly 500. The free-floating rotors 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 discontinu 
ous, and are arranged in an unaligned orientation 
which follows the general profile of the associated arm 
or rotor. Each of the labyrinth grooves 521 thus func 
tions 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 select 
ing the materials for the rotors, arms, and housings to 
have substantially equal coefficients of expansion. The 
clearance between the rotor, arms and end plates de 
scribed above will hence be substantially constant re 
gardless of the load or operating temperature of the en 
gine assembly 500. 
The swinging abutment arms 540A-H are identical in 

construction. As illustrated in solid lines in FIG. 9, four 
of the arms 540A-D are uniformly spaced in the engine 
unit 500A around the associated rotor 550A. As shown 
by the broken lines in FIG. 9, the other four arms 
540E-H are uniformly 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 degrees out-of-phase with the 
other four arms 540E-H. As also illustrated in FIG. 9, 
the rotors 550A and B are joined to the shaft 530 in an 
axially aligned relationship. Such orientation for the ro 
tors 550 and arms 540 permits the engine units 500A 
and B to operate jointly in the assembly 500 to produce 
a smooth and continuous application of torque to the 
output shaft 530. 
The free end of each of the swinging arms 540A-H 

includes a bevelled contact surface 543 for engaging 
with and sealing against the periphery of the associated 
rotor 550 during the inward power stroke of the arm. 
Further, each arm 540 includes a machined inner sur 
face 544 adapted for engaging with the periphery of the 
associated rotor 550 as the rotor returns the arm out 
wardly after the power stroke is completed. A projec 
tion 546 on each arm defines the point closest to the 
associated 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 projec 
tions 546. The projection 546 thereby causes the rotor 
550 to contact the arms at a point of substantial lever 
age 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 expan 
sion chambers of each engine units 500A and B from 
each other. 

In accordance with this invention, each of the arms 
540A-H has front and rear edges 581 and 582, respec 
tively, which converge to provide each arm with an in 
tegral projecting horn member 580 which extends out 
wardly 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 ex 
ceeding the predetermined distance of the inward arm 
stroke. The front edge 581 is also spaced, as indicated 
in FIG. 9, so as to define a flat contact surface 549 at 
the free end of each of the arms for receiving the force 



3,741,170 

of the expanding combustion gases during the opera 
tion of the engine assembly 500. The rear edge 582 of 
each arm is generally straight and seats against an adja 
cent straight surface on the associated engine housing 
520. This arrangement provides each horn 580 with a 
substantial wedge-shaped configuration which allows 
the arms 540 to include a substantial number of laby 
rinth sealing grooves 521, and thereby enhances the 
seal between the arms and the rotor housings. The 
wedge-shaped configuration of the horns and arms also 
prevents the formation of any substantial vacuum force 
outside of the arms which would inhibit arm move 
ment. 

10 

As shown in FIG. 9, the rotor housings 520 include . 
a plurality of uniformly spaced horn recesses 522. The 
recesses 522 are shaped to conform closely to the horns 
580 and will thereby receive the adjacent horn when 
the associated arm 540A-H is in its outermost position. 

15 

Further, each of the horn recesses 522 includes an ar 
cuate forward edge 523 which like the front edge. 581 
on the associated horn 580, is concentric with the arm 
pivot pin 541. The horn edge 581 therefore will slide 
in substantially sealed relationship with the adjacent 
recess edge 523 are the arm 540 moves inward. Since 
the length of the horns 580 exceeds the length of the 
inward stroke of the arms 540, the horns will remain in 
sealed relationship with the housing 520 along this for 
ward edge 523 throughout the operation of the engine. 
Thus, the horn recess 522 outside of each of the arms 

540A-H defines a sealed expandable compression 
chamber, which increases in volume as the associated 
arm moves inward and reduces in volume as the arm 
moves outward. Charges of air-fuel mixture hence can 
be drawn into these compression chambers 522 by the 
inward movement of each arm, and compressed by the 
subsequent outward movement of the arm. The wedge 
shaped configuration of the horns 580 prevent the de 
velopment of a partial vacuum within the compression 
chimbers 522 which would otherwise present a drag on 
the swinging arms 540. . ... . . 
The engine units 500A and B in the assembly 500 are 

also provided with uniformly spaced combustion cham 
bers 525A-H and spark plugs 526. As illustrated in 
FIG. 9, the four combustion chambers 525A-D are 
formed in the engine unit 500A so that one combustion 
chamber is positioned outwardly from the free end of 
each of the arms 540A-D. Similarly, the four combus 
tion chambers 525E-H are formed in the engine unit 
500B so that one chamber is spaced adjacent the free 
end of each arm 540E-H. Outlet channels 527 lead 
from the chambers 525 to the interior of the rotor 
housing 520 at a point directly beneath the contact sur 
faces 549 of the adjacent arms 540A-H. 
Hence, the force of an expanding air-fuel charge ig 

nited in the combustion chambers 525 will be directed 
inwardly toward the surfaces 549 on the adjacent arm 
540 and the rotor 550, and a substantial torque force 
will be transmitted to the rotor 550. The chambers S25 
are spherical to provide a low surface-to-volume ratio 
which allows complete combustion of the air-fuel 
charges in the chambers. The contact surface 549 on 
each of the arms 540 is provided with suitable sealing 
means, such as poppet valve 128 or the labyrinth seal 
ing grooves 129 illustrated in FIGS. 2 and 3, to seal the 
outlet channels 527 when the associated arm 540 is in 
its outermost position. Such seal allows the air-fuel 
charge to be sealed in the combustion chambers 525 
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for a selected time after ignition so that complete com 
bustion will occur in the assembly 500. 
The rotor housing 520 for each of the engine units 

500A and B are also provided with a plurality of uni 
formly spaced transfer valves 200A-H, which are ar 
ranged adjacent each of the arms 540A-H in fluid com 
munication with the associated compression chambers 
522. The valves 200A-H have the same construction as 
described above, with respect to the engine 100, and 
thus the same components have been given the same 
reference numerals. An intake passage 532 and mani 
fold 533 (FIG. 10) connect the valves 200 to a suitable 
carburetor system (not shown) which feeds the engine 
assembly 500 with metered charges of a combustible 
air-fuel mixture at timed intervals. The valves 200 are 
moved to an opened position by rocker arms 231 and 
cam-operated lift rods 233 (FIG. 10) so that the inward 
movement of the associated arms 540 draws a charge 
of air-fuel mixture into the associated compression 
chamber 522. As described above, the valves 200 also 
open the compression chambers 122 after the com 
pressed air-fuel charge has reached a selected pressure 
level. '. 

The engine assembly 500 also includes means to 
transfer the compressed air-fuel charge from each com 
pression chamber 522 through the valves 200 and into 
the axially aligned combustion chamber 525 in the op 
posite engine unit. To accomplish this, the central 
transfer housing 575 is provided with a plurality of 
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transfer passages 535 leading from the valve assemblies 
200 in each of the engine units 500A and B, in an axial 
direction, through the transfer housing 575 and into the 
aligned compression chamber 525A-H in the opposite 
engine unit. By this arrangement, the compression and 
combustion chambers in the engine units 500A and B 
are cross-coupled, and the units 500A and B will func 
tion in unison to provide a substantial torque force to 
the rotors 550 and the output shaft 530. 
As illustrated in FIG. 10, each transfer passage 535 

includes a spring-biased poppet valve 538 which nor 
mally closes the connected combustion chamber 525. 
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The valves 538 are further, arranged so that the force 
of the expanding charge in the combustion chamber 
525 urges the valve 538 closed. However, the valves 
538 are arranged to open in response to the pressure of 
the compressed air-fuel charges so as to permit the 
transfer of the compressed charge from the compres 
sion chambers 524 in one engine unit into the con 
nected combustion chambers 525A-H in the other en 
gine unit. 
As illustrated in FIG. 9, the rotors 550A and B incor 

porated in the dual engine assembly 500 are double 
lobe rotors. As described above with respect to the en 
gine 100, The rotors 550A and B control the sequence 
of movements of the four associated swinging arms 540 
during the operation of the assembly 500. More specifi 
cally, the rotors 550A and B are designed to move op 
posed pairs of arms 540, such as the arms 540A and 
540C, simultaneously with approximately simple har 
monic motion. The double-lobe rotors 550A and B fur 
ther cause the four associated arms 540A-D or 
540E-H to complete two inward power strokes or cy 
cles of operation for each revolution of the rotors, with 
the power strokes in the two engine units 500A and B 
overlapping in time. 
Since the rotors 550A and B are identical, and are ar 

ranged in an axially aligned relationship on the shaft 
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530, only one of the rotors is illustrated in detail in FIG. 
9. The periphery of each of the rotors 550A and B in 
cludes two symmetrical and diametrically opposed high 
dwell segments 554. As indicated by the positions of 
the arms 540B and D in FIG. 9, the rotor segments 554 
sequentially engage with the four associated arms 
540A-D or 540 E-H and maintain the arms in their 
outermost positions for a time period defined by a se 
lected degree of rotor rotation. 
Furthermore, each of the rotors 550A and B include 

two symmetrical and diametrically opposed fall seg 
ments 556. The fall segments 556 are formed on the pe 
riphery of the rotors adjacent the high dwell segments 
554 so as to engage each arm 540 immediately after the 
dwell segments 554. The segments 556 are shaped to 
engage the bevelled arm surfaces 543 and move the 
arms 540 inwardly with approximately simple har 
monic motion during the power stroke for each arm. 
The rotor fall segments 556 thereby allow two charges 
to expand simultaneously against diametrically op 
posed arms (e.g., arms 540A and C) and the exposed 
portions of the rotor surface, to transmit a double 
power impulse to the shaft 530. The two opposed fall 
segments 556 also allow a charge to expand against 
each of the arms 540 and the exposed rotor portions 
twice for each revolution of the rotor 550. 
The fall segments 556 of the rotors 550A and B ter 

minate in low dwell segments 557. As illustrated in 
FIG. 9, the two low dwell segments 557 are diametri 
cally opposed on the rotors 550A and B and are 
adapted to engage with the inwardly moving arms 
540A-H to prepare the arms for a reversal of direction. 
The remaining segments of the rotors 550A and B com 
prise rise segments 558 which engage the arms 540 im 
mediately following the low dwell segments 557. The 
rise segments 558 are shaped to return the engaged arm 
540 outwardly from its innermost position to its outer 
most position with substantially harmonic motion, as 
the rotors 550 rotate through a selected number of de 
grees. The above-described high dwell segments 554 
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ated arms 540A-H, respectively, move inwardly 
against the adjacent rotor (e.g., the port 590A is closed 
by the rotor 550A as the arm 540A moves inwardly). 
However, the rotation of the rotors 550 sequentially 
opens the ports 590A-H before the associated arms 
540A-H engage with the rise segments 558 of the rotor 
550. This arrangement for the ports 590 and rotors 550 
thereby assures that a port 590 (e.g. 590A) is opened 
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then will engage the arms 540 and retain the arms in 
their outermost positions for a selected time period. 
The engine units 500A and B also include means for 

exhausting the spent air-fuel charges from the interior 
of the rotor housings 520. In this regard, as illustrated 
in FIGS. 9 and 10, the engine units 500A and B include 
a plurality of exhaust ports 590A-H; one port associ 
ated with each of the arms 540A-H. The ports 590E-H 
are offset 45 degrees with respect to the ports 590A-D, 
respectively, in FIG. 9. The exhaust ports 590A-H are 
in fluid communication with an exhaust passage 577 
provided with the central transfer housing 575. The 
passage 577 connects the ports 590A-H to a suitable 
exhaust manifold system (not shown) which will con 
duct the exhaust gases from the engine units 500A and 
B. 
The ports 590 are arranged in the engine units 500A 

and B so that they are opened and closed by the associ 
ated rotors 550A and B. Thus, the rotation of the rotor 
550A will sequentially open and close the ports 
590A-D and bring successive segments of the interior 
of the associated rotor housing 520 into fluid communi 
cation with the exhaust passage 577. The same rela 
tionship exists between the rotor 550B and the ports 
590E-H. Moreover, the ports 590A-H are arranged in 
a pattern in the respective engine units 500A and B so 
that the ports are closed by the rotors 550 as the associ 
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before any outward movement of the associated arm 
540 (e.g. 540A) starts to work against the spent com 
bustion gases. A buildup of back pressure in the rotor 
housings 520, which would inhibit the operation of the 
engine assembly 500, is thus prevented. 

In operation, the engine assembly 500 is started by 
cranking the flywheels 563 in the conventional manner 
so that the cam tracks 569 engage with the cam rollers 
568 (FIG. 11). The tracks 569 and rollers 568 posi 
tively drive the arms 540A-H sequentially inward, 
against the fall segments 556 of the associated rotor 
550A or B, and thereby draw charges of air-fuel mix 
ture into the compression chambers 522. Then, the 
continued rotation of the rotors 550A and B engages . 
the rotor rise segments 558 with the arms 540A-H and 
forces the arms sequentially outward to compress the 
air-fuel charges. 
After a selected gas pressure is reached in the com 

pression chambers 522, further outward movement of 
the arms 540 opens the valves 200 and permits the 
compressed air-fuel charges to be transferred through 
the passages 535 into the cross-coupled compression 
chambers 525A-H in the opposite engine unit. The 
pressure of the compressed charge will also open the 
poppet valves 538 leading to the compression cham 
bers 525. 
MOre specifically, the charge compressed by the arm 

540A is transferred to the combustion chamber 525E 
associated with the arm 540E in the opposite engine 
unit; the charge compressed by the arm 540B is trans 
ferred to the combustion chamber 525F associated 
with the arm 540F; the charge compressed by arm 
540C is transferred to the combustion chamber 525G 
of the arm 540G; and the charge compressed by the 
arm 540D is transferred to the combustion chamber 
525H by the arm 540H. Similarly, during the operation 
of the engine assembly 500 the air-fuel charges com 
pressed by the arm 540E are transferred to the combus 
tion chamber 525D; the charge compressed by the arm 
540F is transferred to the combustion chamber 525A; 
the charge compressed by the arm 540G is transferred 
to the combustion chamber 525B; and the charge com 
pressed by the arm 540H is transferred to the combus 
tion chamber 525C. The compression and combustion 
chambers of the opposed engine units 500A and B are 
thereby cross-coupled, and the units will operate in uni 
son to transmit a continuous torque force to the output 
shaft 530. 
Moreover, the operation of the engine assembly 500 

is timed so that the arms 540 are closed against the out 
let channels 527 for a selected time period, and thereby 
seal the compressed air-fuel charge in the associated 
combustion chamber 525. The rotors 550 hold the 
arms 540 in this extreme outward position for a period 
between approximately 45 and 60 degrees of rotor ro 
tation following ignition in the closed combustion 
chamber 525. By this arrangement, there will be sub 
stantially complete combustion of the air-fuel charges 
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within the spherical combustion chambers 525 during 
the operation of the engine assembly 500. 
After the air-fuel charges have burned in the cham 

bers 525 for the desired interval, the continued rotation 
of the rotor 550 (induced by the flywheels 563 and the 
overlapping power strokes of the arms 540A-H) brings 
the fall segments 556 into association with the free ends 
of the arms 540. The charge will then expand against 
the adjacent arm and rotor, and impart a torque force 
to the rotor 550 and shaft 530. The associated exhaust 
port 590 remains closed by the rotor 550 as the expan 
sion of the charge takes place in the rotor housing 520. 
Subsequently, further rotation of the rotor 550 through 
a predetermined arc opens the port 590, shortly before 
the associated arm 540 engages with the rise segment 
558 on the rotor. As indicated by the positions of the 
arms 540A and C in FIG. 9, the rotation of the rotor 
550 will then drive the engaged arms outwardly and 
force the spent air-fuel charge through the open ex 
haust port 590 (e.g., the ports 590A and 590C). 
Due to the double-lobe configuration of the rotors 

550A and B, each of the arms 540A-H will be driven 
through a complete cycle of operation twice for each 
revolution of the shaft 530. Thus, each arm 540A-H 
will have two inward power strokes for each shaft revo 
lution. Moreover, the diametrically opposed arms in 
each of the engine units, such as the arms 540A and C 
in the unit 500A, will transmit their power strokes to 
the associated rotor 550 simultaneously. Since the units 
500A and B are 45 degrees out-of-phase on the shaft 
530, these double power strokes of the opposed arms 
in one engine unit, such as the arms 540A and C in the 
unit 500A, by 45 degrees of rotor rotation. The torque 
force applied to the shaft 530 by the arms 540A-H, 
hence, will be smooth and continuous. 

Further, the double-lobe rotors 550A and B and the 
dual engine units 500A and B provide the assembly 500 
with a compact construction and a substantially high 
horsepower to weight ratio. In this regard, since the pis 
ton in a conventional reciprocating engine transmits a 
power stroke only once for every two revolutions of an 
associated shaft, the assembly 500, with sixteen power 
strokes per shaft revolution (eight double strokes), is 
substantially comparable to a 32 piston reciprocating 
engine. The assembly 500 is also statically and dynami 
cally balanced and will operate with high thermal effi 
ciency and substantially reduced exhaust emissions. 

Single Engine Unit - Double-Lobe Rotor 
FIGS. 12-14 illustrate a single engine unit 600 em 

bodying the features of this invention. This engine 600 
includes a double-lobe rotor 650 and six uniformly 
spaced swinging abutment arms 640A-F. The arrange 
ment of the arms 640 and rotor 650 allows the engine 
600 to operate as a single, balanced power unit. 
The double-lobe rotor 650 is positioned in a rotor 

housing 620 on a central shaft 630, and is adapted to 
rotate within that housing into engagement with the 
arms 640. The ends of the housing 620 are closed by 
a flywheel housing 660 and a transfer housing 670, 
which have machined end plates 662 and 672, respec 
tively. These housings also provide main bearings 661 
and 671 for supporting the shaft 630. The housings 660 
and 670 also support pivot pins 641 about which the six 
arms 640A-F rotate. 
As indicated in FIG. 13, the rotor 650 and arms 640 

have substantially the same width as the rotor housing 
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620 and are thereby spaced within a close tolerance to 
the end plates 662 and 672. The space between the end 
plates 662 and 672 and the side portions of the rotor 
650 and arms 640 therefore can be sealed by a plurality 
of labyrinth sealing grooves 621. As described above, 
with respect to FIGS. 8A and 8B, the labyrinth grooves 
621 are unaligned and discontinuous, and are arranged 
to follow the general profile of the associated arm or 
rotor. Splines 651 or the like join the rotor 650 to the 
shaft 630 and the arms 640 to their pivot pins 641 in 
a free-floating relationship. The rotor and arms thus are 
free to slide laterally within the housing 620 to a point 
of equilibrium which assists in maintaining the laby 
rinth seal between the engine components. 
As indicated in FIGS. 13 and 14, the flywheel hous 

ing 660 houses a flywheel 663 which includes a start-up 
cam track 669 on its inner periphery. Cam levers 
667A-F are joined to the pivot pins 641 of the arms 
640A-F, respectively, and support a cam follower roll 
ers 668 in axial alignment with the cam track 669. As 
described above, the rollers 668 are normally spaced 
from the cam track 669 by a selected distance, and will 
not engage the track during the normal operation of the 
engine 600. However, the cam track 669 is adapted to 
engage the rollers 668 and drive the associated levers 
667 and arms 640 sequentially inward during engine 
start-up or misfire. 
As seen in FIG. 14, the cam track 669 includes a pair 

of diametrically opposed lift portions 669A to engage 
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the rollers 668 connected to opposed arms 640 and 
drive the connected arms inwardly against the rotor 
650. The track lift portions 669A thereby function to 
draw a charge of air-fuel mixture into the engine 600 
during start-up or misfire. Opposed first dwell portions 
669B on the track 669 are arranged to engage the roll 
ers 668 immediately following the lift portions 669A, 
to allow the connected arms 640 to remain inward for 
a selected time period. Next, a pair of opposed release 
portions 669C is provided on the track 669 to release 
the rollers 668, so that the rotor 650 can drive the con 
nected arms 640 outward, Finally, a pair of opposed 
second dwell portions 669D on the track 669 allows the 
arms 640 to remain in their outward positions for a se 
lected time period. The flywheel 663 and rotor 650 are 
positioned on the shaft 630 with respect to each other 
so that the inward and outward movement of the con 
nected levers 667A-F and arms 640A-F coincide. 
As shown in FIG. 12, the six swinging abutment arms 

640A-F are identical in construction, and are spaced 
uniformly around the rotor housing 620 at 60 
intervals. Each of the arms 640A-F engages the periph 
ery of the rotor 650 along a bevelled contact surface 
643. A projection 646 and a relief portion 647 on each 
arm assure that the rotor 650 will engage the arm at a 
point of substantial leverage. 
Each of the arms 640A-F defines a tapered or 

wedge-shaped horn member 680 which is defined by 
converging front and rear edges 681 and 682. The front 
arm edge 681 is arcuate and generally concentric with 
the associated arm pivot pin 641, and extends out 
wardly for a distance exceeding the predetermined 
length of the inward arm stroke. The arms 640 further 
define a flat contact surface 649 at their free ends, for 
receiving the force of the expanding combustion gas 
during the operation of the engine. 600. 
As described above with respect to the other embodi 

ments of the invention, the arms 640A-H are received 



3,741,170 21 
in conforming arm recesses 622. An arcuate edge 623 
in these recesses 622 will engage with the front edge 
681 on the associated arm horn 680, and thereby main 
tain the arm 640 in sealed relationship with respect to 
the housing 620 as the arm moves inwardly. The arms 
640 and recesses 622 thereby define expandable com 
pression chambers which change in volume as the asso 
ciated arm 640 swings with respect to the rotor housing 
620 during the operation of the engine 600. The 
wedge-shaped configuration of the arm horns 680 pre 
vents the development of a partial vacuum within these 
compression chambers 622 which would present a drag 
on the engine. 
The rotor housing 620 also includes a plurality of uni 

formly spaced combustion chambers 625A-F. As seen 
in FIG. 12, one combustion chamber 625 is positioned 
directly adjacent the contact surface 649 on the free 
end of each of the arms 640. Each combustion cham 
ber 625 is in fluid communication with the interior of 
the rotor housing 620 through an outlet channel 627, 
so that the force of an expanding air-fuel charge ignited 
in the combustion chambers will be directed inwardly 
against the arm 640 and the rotor 650. As described 
above, the chambers 625 are spherical to provide a low 
surface-to-volume ratio which will facilitate complete 
combustion of the air-fuel charges. Further, the arms 
640 and rotor housing 620 include sealing means, such 
as the poppet valve 128 or labyrinth seals 129 illus 
trated in FIGS. 2-3, to assure that the combustion 
chambers 625 will remain sealed during the ignition 
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and burning of the air-fuel charge in the combustion 
chambers. 
The rotor housing 620 is also provided with a plural 

ity of uniformly spaced transfer valve assemblies 
200A-F, which are arranged adjacent the arms 
640A-F in fluid communication with the compression 
chambers 622. The valve assemblies 200A-F have the 
same construction as described above with respect to 
the other embodiments of the invention, and, thus, the 
same valve components have been given the same ref 
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erence numeral in FIGS. 12-14. A suitable intake man 
ifold (not shown) connects each of the valves 200 to a 
carburetor system which will feed the engine 600 with 
metered charges of a combustible air-fuel mixture. As 
described above, a cam-operated rocker assembly 230 
is driven from the shaft 630 and opens the valve assem 
blies 200 to permit the admission of the air-fuel mixture 
into the compression chambers 622. The valve assem 
blies 200 will also open the compression chambers 622 
after the compressed air-fuel charge has reached a se 
lected pressure level, and permit the compressed air 
fuel charges to be transferred to the combustion cham 
bers 625. 
The engine assembly 600 also includes means to 

transfer the compressed air-fuel charge from each com 
pression chamber 622 through the valves 200 into the 
combustion chambers 625 of the following arm, i.e., 
the next arm to engage with the rotor 650. Accord 
ingly, the transfer housing 670 is provided with a plu 
rality of transfer passages 635 which lead from the 
valve assemblies 200 into the following combustion 
chamber 625. A spring-biased poppet valve 638 con 
nects these fluid passages 635 to the combustion cham 
bers 625 and assures that the combustion chambers 
625 would be sealed when the air-fuel charge is ignited. 
The valves 638 respond to the pressure of the com 
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22 
pressed charge to open the chambers 625 during the 
transfer operation. 
As shown in F.G. 12, the double-lobe rotor 650 func 

tions to control the sequence of movements of the six 
swinging arms 640 during the operation of the engine 
600. The rotor 650 is designed to move opposed pairs 
of arms, such as the arms 640A and 640B, simulta 
neously, to thereby transmit double power impulses to 
the rotor. The double-lobe configuration for the rotor 
650 will cause the arms 640 to complete two inward 
power strokes for each revolution of the rotor, with the 
power strokes of the adjacent pairs of arms (e.g., 640A 
and D, and 640B and E) overlapping in time. 
To accomplish such arm movement, the periphery of 

the rotor 650 includes a pair of opposed and symmetri 
cal high dwell segments 654 which engage with the 
arms 640 and maintain the arms in their outermost po 
sitions for a selected degree of rotor rotation. The rotor 
650 also defines two opposed and symmetrical fall seg 
ments 656 which will be engaged by the arms 640 as 
the arms are driven inwardly by the expansion of the 
charges ignited in the combustion chambers 625. The 
fall segments 656 are adapted to engage with each arm 
for between approximately 55 and 60° of rotor rota 
tion. 
Next, opposed and symmetrical low dwell segments 

657 provided on the rotor periphery engage the in 
wardly moving pairs of arms 640. The dwell segments 
657 are adapted to engage the arms 640 for from 10 
to 15° to show the inward arm movement and prepare 
the arms for a reversal of direction. Since the adjacent 
arms are spaced 60 apart, the fall segments 656 and 
dwell segments 657 cooperate to cause the inward 
movement and power strokes of adjacent pairs of arms 
to overlap by 10° to 15° of rotor rotation. 
The rotor surface also has opposed and symmetrical 

rise segments 658 which move the engaged pairs of 
arms outwardly to complete a cycle of arm movement. 
The fall segments 656 and rise segments 658 are 
shaped so that the inward and outward movement of 
the arms 640 approaches simple harmonic motion. 
As illustrated in FIG. 12, the end of each arm 

640A-F adjacent the pivot pins 641 defines a sliding 
valve portion 645. The valve portion 645 swings in 
close relationship with the end plates 662 and 672 dur 
ing the operation of the engine 600, and thereby oper 
ates an adjacent exhaust port 690A-F provided in the 
end plates. As illustrated by the positions of the op 
posed arms 640A and D in FIG. 12, the associated ex 
haust ports 690A and D are arranged in the end plates 
to be closed by the arm valve portion 645 when the 
arms are in their outermost positions. Similarly, as illus 
trated by the positions of the arms 640C and F in FIG. 
12, the valve end portions 645 operate to open the ad 
jacent ports 690C and F when the associated arms 
swing a selected distance inwardly against the rotor 
650. Thus, the burned combustion gases can be ex 
hausted from the engine 600 through a suitable exhaust 
manifold system (not shown) which is connected di 
rectly to each of these exhaust ports 690A-F. The rotor 
housing 620 includes a plurality of conforming recesses 
659 which are adapted to receive the arm valving por 
tions 645. To assure smooth operation of the engine 
600, the ports 690 are arranged so that they are not 
opened by the adjacent arms 640 until the power 
strokes of the adjacent pairs of arms have overlapped 
by the desired degree of rotor rotation. For instance, if 
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the rotor fall segments 656 and dwell segments 657 are balanced power unit that will deliver 6 double power 
adapted to overlap the power strokes of adjacent pairs strokes or 12 single power strokes to the shaft 630 for 
of arms 640 (e.g., 640C and F and 640A and D) by 15 each revolution of the shaft. In this respect, the engine 
of rotor rotation, the ports 690 are arranged so that 600 is therefore comparable to a 24 piston, 4 cycle, re 
they are opened after the associated arm 640 has 5 ciprocating engine. 
moved inward for 15° of rotor rotation. : Although the invention has been described above 
The operation of the engine 600 is initiated by crank- with a certain degree of particularlity with respect to 

ing the flywheel 663 in a clockwise direction, as indi- several embodiments, it should be understood that this 
cated by the arrow in FIG. 12. The motion of the disclosure has been made only by way of example. Con 
flywheel 663 brings portions 669A-D of the cam track 10 sequently, numerous changes in the details of construc 
669 into successive engagement with the cam follower tion and in the combination and arrangement of the 
roller 668, and thereby drives the arms 640A-F se- components as well as the possible modes of utilization 
quentially inward against the rotor 650. The rocker for the rotary engine in accordance with this invention 
arm assembly 230 assures that the initial inward motion will be apparent to those familiar with the art, and may 
of the arms 640A-F is timed to coincide with the open- 15 be resorted to without departing from the scope of the 
ing of the associated transfer valve assemblies 200A-F. invention. 
By this arrangement, the initial inward stroke of the I claim: 
arms 640A-F will draw a charge of air-fuel mixture 1. In a rotary internal combustion engine having a 
through the transfer valve assemblies 200 into the adja- plurality of uniformly spaced swinging arms pivotally 
cent compression chambers 622. The continued rota- 20 supported about the periphery of a rotor housing, a 
tion of the flywheel 663 and the rotor 650 will then rotor on a power output shaft positioned within said 
force the arms 640 sequentially outward and compress housing to engage said arms and control the cycle of 
the charges in the chambers 622. outward and inward movement of said arms with re 
When these initial charges reach a predetermined spect to said shaft, expandable compression chambers 

pressure, the transfer valve assembly 200 will open and 25 defined by said arms and the adjacent rotor housing, 
permit the compressed charge to be transferred and combustion chambers positioned in said housing 
through the passages 635 and into the connected com- for fluid communication with the free ends of each of 
bustion chamber 625 by the outward movement of the said arms and said compression chambers, the im 
associated arm 640. The ignition system (not shown) provement comprising a start-up system for said en 
for the engine 600 then operates the spark plugs 126 to 30 gine, said system comprising: 
ignite the compressed air-fuel charges sequentially in flywheel means secured to said output shaft and de 
the combustion chambers 625A-F so that a pair of op- fining a circular cam track positioned around said 
posed arms, such as the arms 640A and D, is driven in- shaft and adapted for rotation with said rotor; 
wardly against the fall segments 656 of the rotor 650. a cam follower connected to each of said arms and 
Moreover, the rotor 650 and the engine ignition system 35 arranged so that said followers are spaced uni 
are coordinated so that the arms 640 remain sealed formly around said shaft adjacent said cam track; 
across the channels. 627 for between 45 and 60 of said cam track including a lift segment engageable 
rotor rotation after the charges are ignited in the asso- with said cam followers to drive the connected arm 
ciated combustion chambers 625. By this arrangement, inwardly and expand the associated compression 
substantially complete combustion of the air-fuel 40 chamber, to thereby draw a charge of air-fuel mix 
charge will occur in the spherical combustion cham- ture into said compression chamber; 
bers 625A-F before the charge is expanded against the said cam track further including a release segment 
associated arm 640 and rotor 650. adapted to release said cam followers and permit 
The spacing of the arms 640 at 60° intervals in the said rotor to drive said arms inwardly to compress 

housing 620 assures that a pair of arms 640 will begin 45 the charge of air-fuel mixture in the associated 
an inward power stroke for every 60' of rotor rotation. compression chamber and transfer said com 
The fall segments 656 and dwell segments 657 on the pressed charge to one of said combustion cham 
rotor allow the inward movement of adjacent pairs of bers; and 
arms 640 to overlap by 10 to 15°. At that time in the cranking means for inducing rotation of said flywheel 
engine cycle, the one pair of arms 640 (e.g., 640C and 50 and said rotor to sequentially engage each of said 
F) has completed its double power stroke, and begins cam followers with said cam track segments and 
to be driven outward by the rotor rise segments 658. thereby initiate the cycle of operation for each of 
Simultaneously, the following pair of arms (e.g., 640A said arms. 
and D) open the associated exhaust ports 690 (e.g., 2. The rotary engine in accordance with claim 1 
690A and D). The continued rotation of the rotor 650 55 wherein said cam followers are positioned on the ex 
thereby scavenges the spent combustion gases out of tremities of cam levers joined to each of said arms so 
the rotor housing 620 through the opened exhaust that the movement of said cam followers induced by 
ports 690. said cam track is transmitted to said arms through said 
This cycle of operation is repeated for every 60' of levers with substantial mechanical leverage. 

rotor rotation. Hence, the engine 600 is a compact and 60 k is , is 

65 


