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1

This invention relates to internal combustion
engines of the rotary type, such as disclosed in
Hinckley and Clark Patent No. 2,060,937, patented
November 17, 1936, although some features are
not necessarily limited to such use.

The prior patent discloses a rotary engine made
up of a plurality of short cylinders, each of which
comprises g cylindrical casing with a cam-shaped
rotor disposed therein; the casing has pivoted at
its cylindrical wall two arms bearing upon the
drum surface of the rotor. Each arm has a
backwardly extending sector blade or horn which
separates the expansion chamber from the com-
pression chamber; each arm also has a blade
portion riding on the rotor and sealing the com-
bustion chamber at proper times. The admission
of gas and the disposal of exhaust is accomp-
lished by suitable valves located around the
perlphery of the casing. In general, inward
movement of the arms caused by an explosion of
gas draws fresh gas into the separate compres-
sion chambers while the outward movement of
the arms compresses this fresh gas, after which
the compressed gas is led through suitable valves
to another and separate cylinder where the com-
bustion chamber of an appropriate arm is ready
to receive it. After the gas is exploded, push-
ing the arm inwardly and exerting pressure on
the blade end of the arm and the rotor, an ex-

haust valve opens and further movement of the .

rotor scavenges the expansion chamber.

The present invention eliminates the transfer
of compressed gas from one cylinder to another
and makes each cylinder a complete operating
unit in itself; it provides for three or more arms
in each cylinder. Gas compressed in the com-
bustion chamber of any arm is fed back to the
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combustion chamber of the immediately preced-

ing arm which is ready for the explosion event.
The present invention also provides for greater
efficiency, smoother operation, simpler construc-
tion, improved sealing, lubrication, cooling, and
valve action.

The invention also consists in certain new
and original features and combinations herein-
after set forth and claimed.

Although the novel features which are believed
to be characteristic of this invention will be
particularly pointed out in the claims appended
hereto, the invention itself, as to its objects and
advantages, and the manner in which it may be
carried out, may be better understood by referring
to the following description taken in connection
with the accompanying drawings forming a part
hereof, in which
. Fig. 1 is a section taken radially through the
motor on the line {—1 of Fig. 2, the section being
irregular to show different details of construction
in the various parts of the motor;

.~ Plg. 2 is an irregular section on the line 2——-2
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of Fig. 1 taken to illustrate different parts of the
motor;

Fig. 3 is an edge view of one of the arms illus-
trating the sealing strips;

Fig. 4 is a section on the line 4—4 of Fig. 3
through the main stem of the arm;

Fig. b is a detailed section through the edge of
the rotor to illustrate the sealing strips;

Fig. 6 is.a longitudinal view of the combustion
chamber sealing strips of Fig. 5 illustrating the
wavy spring;

Fig. 7 is an isometric view of an arm to illus-
trate the cooling passages, the sealing strips be-
ing omitted for simplicity of illustration; and

Fig. 8 is a section through the seal for the com-
bustion chamber.

In the following description and in the claims,
various details will be identified by specific names
for convenience, but they are intended to be as
generic in their application as the art will permit.

Like reference characters denote like parts in
the several figures of the drawings.

In the drawings accompanying and forming
part of this specification, certain specific dis-
closure of the invention is made for purposes of
explanation, but it will be understood that the de-
tails may be modified in various respects without
departure from the broad aspect of the invention.

Referring now to the drawings, the motor is
made up, generally, of a case comprising a cylin-
der block 0 having removable heads {1 and 12
enclosing a rotor chamber containing a cam-
shaped rotor {3 mounted on main shaft 14 which
is journaled in the heads. Overhanging on shaft
14 is an output element 20 which may be either
a pulley or gear and which may also act as a fly-
wheel. Journaled at the peripheral wall of the
rotor chamber are three arms (5 bearing against
the cam surface of the rotor 3. Suitable valves
control the events, including intake valve 16
which controls the flow of fresh combustible gas
mixture into the compression chamber; spring
pressed automatic discharge valve 17 which con-
trols entry of the compressed gas into the com-~

% pression conduit; inlet valve 18 which controls

entry of gas into combustion chamber, and ex-
haust valve 19.

The motor is shown for purposes of illustration
as comprising three sections A, B and C (shown
for convenience as divided by radial lines X, ¥,
7) each one of which is subjected to a. complete
thermo-dynamic cyecle. Since the parts of each
section A, B and C are identical in construetion,
the same reference characters will be used in the
several sections, and since the several sections
are shown at various points in their fthermo-
dynamic cycles, they will also be used to illus-
trate the several events of a single section.

In general, as the rotor {3 rotates in the di-
rection of the arrow R, the cam surface thereof
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causes the several arms 15 to reciprocate back
and forth. The movement of these arms, to-
gether with appropriate movement of the sev-
eral valves, causes fresh gas to. be drawn into
the motor, the gas then to be compressed, ex-
ploded, expanded and exhausted at proper times.

Although three sections are shown for pur-
poses of illustration, it will be understood that
any multiple of three may be used. The three
section form shown provides a power impulse at
each 120° of revolution of the motor shaft and
thus is similar in this respect.to a conventional
six cylinder internal combustion engine.

The case block 10 is shown as a one piece cast-
ing although it may be cast in sections separable
along radial lines and suitably bolted -together.
It comprises an outer circumferential wall 23
having a suitable water jacket space indicated
in general by 24 cast therein. This jacket space
24 -communicates with jacket spaces cast in the
heads and surrounds all critical parts of the case
s0 as to provide proper cooling action. Suitable
inlet and- outlet passages are provided in the
heads or block or in all three members for cir-
culating the coolant. The cast block {6 is shown
resting on a cast base 22 to which it is suitably
bolted.

Secured to the block 10 is an intake manifold
25 Ieading to the several intake valves 8. The
intake  manifold 25 communicates with a suita-
ble carburetor (not shown) for mixing air with
the fuel gas which may be gasoline or illuminat-
ing gas, for example. The exhaust valves {9 are
shiown leading directly to atmosphnere although
it will be understood a suitable exhaust manifold
may be provided for disposal of exhaust gases.

The block 18 is provided with passages 3{ com-
municating with the intake manifold 25 and with
the interior of the case.
seat 38 for the valve disc 27. Disc 27 has stem
28 slidable in a sleeve 2§ suitably secured to the
casting.

Suitably formed in the block 10 are exhaust
passages 38 having seats 37 for the discs 34 of
exhaust valves 18. The valve has a stem 35 slid-
able in sleeve 88 which is suitably secured to the
casting. o

The block {0 has seats 840 for automatic dis=
charge valves {71. Seating against seat 48 is dise
49 slidable in sleeve 42 which is suitably affixed
to the casting. Spring 43 normally urges the
valve into closed position. Sleeve 42 has open=
ings leading to compression passages 44 to convey
compressed gas mixture to the combustion cham-
ber as discussed below.

Compression passages 44 are cast into block {6
and lead from the automatic discharge valves IT
to inlet valves 18 of the preceding section; that
is to say, from the automatic discharge valve 17
of section C, for example, to the inlet valve {8 of
section B.

Case block {8 also has horn recesses 47, each
recess being laid out with its corresponding wrist
pin €1 as a cenfer. These recesses are for the
horns 85 of the several arms {5 for a purpose ex-
plained hereinafter.

Case block {8 also has seats for suitable spark
plugs 48 which project into combustion chambers
50 opposite the gas inlet points controlled by the
inlet valves {8.

The inlet valves I8 each comprises a valve

housing 52 seated in a recess 51 in the block {8
opposite the spark plug 48. The valve housing
52 has a seat 53 for valve disc 54 having stem 55
which is slidably mounted in the valve housing

Each passage 3f has' a
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52. The passage of stem 55 through the valve
housing 52 is sealed by a suitable gland 56 and
the valve housing 52 is held in position by a hold-
down ring 57 suitably bolted to the block 9, one
of the bolts being indicated by 58.

Each arm 15 has a bearing portion 6¢ jour-
naled on a hollow wrist pin 6f and a2 blade por-
tion 62 having double curvature 63, 4 for special
cooperation with the cam surface on rotor 13 as
explained hereinafter. Projecting outwardly

" from the blade 62 is the horn §5 which recipro-

. cates in the horn space 47.

As stated above, the heads {1 and #2 are de-

- tachably bolted to the block {8. Referring first
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to back head {1, this head is of generally flat
or disc formation and has a water jacket space
66 communicating with the. jacket space in the
block. It has a shaft bearing 87 for the main
shaft {4 and a recess 68 for the counter-weight
89 keyed to shaft I4. A detachable cover plate
76 closes the recess 8. The back head i has
space for spark plugs 48 and for intake manifold
23. Back head i# also has recesses 71 for the
wrist pins 61.

The front head {2 is also bolted to the block
and is generally plate or disc shaped. It has
water jacket space ¥4 communicating with the
water jacket on the block. It has a bearing 76
for main shaft 14 and seats 15 for wrist pins 61.
It has a recess for counterweight 71 suitably
keyed to main shaft 14.

The counterweights 69, 77 counter-balance
rotor 13 to place the rotating parts in static and
dynamic balance, thus minim:zing need for a
fiywheel.

It will be noted that each section A, B, C is
controiled by four valves, three of which are po-
sitively operated poppet valves and the other is
an automatically spring operated check valve.
A valve rigging is provided for operating the
positively operated poppet valves. This valve
rigging comprises two drum' cams T8 and 78
affixed to the main shaft 14 and a face cam 80
keyed to main shaft §4. Drum cams 78, 79 are
for the intake valves {8 and exhaust valves {9;
face cam 80 is for inlet valves {8.

The valve rigging also comprises tappet hous-
ing ‘82 suitably bolted to the front head {2-and
having a detachable outer plate 83. Plate 83
has a shaft bearing 84 for shaft 14 which sup-
ports the power transmitting gear or pulley 28
in overhanging relation.

The drum cams 78 and 19 each operate three
radially extending tappets, only one of which
(81) is disclosed for purposes of illustration and
that operating intake valve 16. The radial tappet
8! comprises a mushroom follower 88 secured to
slide 87 which is slidable in the housing 8§2. The
tappet 8{ operates a rocker arm 88 fulcrumed
on a bracket 80 secured to the front head 2.
Rocker arm 88 abuts valve stem 28 to open the
valve 18 against the tension of valve spring 89.
Valve tappet 81 engages rocker arm 88 through
a ball-socket joint 91 and has a suitable adjust-
ment 82 for adjusting valve clearance, as will be’
understood. E

It will be understood that; as the main shaft
14 rotates, suitable rise on cam 78 will raise the
tappets 81 to open the several intake valves (6
at the proper times. Similarly, rise on drum
cam 18 will operate similar tappets to open the
several exhaust valves {9 at the proper times.

The face cam 80 for operating the axially ex-
tending inlet vaives 18 drives a plurality of roller
followers 98. one for each inlet valve, each roller
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98 being journaled on a rocker arm 96.
three rocker arms 96 are each fulcrumed on- a
shaft 97 seated in the tappet housing 82. Each
rocker arm 96 has a tappet 95 which engages the
valve stem 55 to open the inlet valve (8 against
the pressure of valve spring 99. A lock nut 180

locks the adjustable tappet 95 in adjusted posi-

tion after tappet is adjusted to give proper valve
clearance, as will be understood by those skilled
in the art.

As the shaft 14 rotates, a rise on face cam 80
operates the three follower rolls 98 to open the
three inlet valves I8 at proper times.

The rotor 13 comprises a hub 101 suitably keyed
to the main shaft 14, a web 102 and a drum 103
having a specially shaped cam surface which
cooperates with the internal surface of the block
and the inner surfaces of the arms 15 as dis-
cussed below. Each arm has a conical spring 104
seated in a recessed seat 105 in the block and in
a seat 106 in the arm to insure holding the arms
against the rotor,.

The moving parts are suitably lubricated and
sealed against the gas pressures.  The arm hubs
60 are sealed by a plurality of spring-pressed
flat strips 109 seated in grooves in the block and
bearing against the cylindrical surface on the
hubs 60. Similarly, the outer surfaces of the
horns 65 are sealed by a plurality of flat strips
{10 seated in suitable grooves in the block. It
Will be noted that only the outer surfaces of the
horns 65 remote from the wrist pins 6! are sealed
and that there is a slight clearance between the
near surface 107 of the horns 65 and the walls of
the horn recess 47 (see Fig. 3).

The edges of the arms (Figs. 3-6) are sealed
by sealing strips 112, 119, {80 and 141 which re-
siliently bear against the flat walls of the end
heads. The strips (40 and 141 are of flat stock
and seat in corresponding grooves in the arm
as indicated by 140’ in Fig. 4. The strips {12 and
119 are of angular cross section and seat in cor-
respondingly shaped slots, as indicated by 112’
in Pig. 4.

The two flat strips 140 follow the stem 62 of the
arm and the horn 65 as indicated in Fig: 3. The
flat strip 141 connects the flat strips 140 just
mentioned and follows the end 58 of the arm.
The angular strip (12 follows the stem and end
of the arm. The angular strip 119 follows the
horn and end of the arm. Additional seals in-
dicated in general by {42 may be placed in the
walls between the several strips.

The edge of the rotor drum 183 (Fig. 5) has a
flat stock sealing ring 144 and an angular sealing
ring 143 both following the periphery of the
drum 103 and extending entirely around the rotor.
These are seated in correspondingly shaped re-
cesses and bear against the flat surfaces of the
casing heads.

It will be understood that all of the several
sealing strips have wavy spring strips seated in
the bottom of their respective grooves for yield~
ably urging these strips against their cooperat-
ing surfaces to provide efficient sealing. The
wavy spring is illustrated at 145 in Fig. 6 which
fllustrates the seal for the explosion chamber 50.
* The seal for the combustion chamber §0 (see
also Fig. 8) comprises a channel shaped strip {11t
and an L-shaped strip {13 cooperating with a
projection 115 on the casing to limit the out-
ward movement of the combustion chamber seal
under action of its wavy spring. The tip bevels
125 on the arms 15 seat against these seals HI
113. -

The.
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The motor may, of course, be lubricated by
mixing lubricating oil with the gasoline or other-
wise introducing it into the gaseous mixture fed
into the intake manifold 25 in a manner similar
to the lubrication of certain well-known two
cycle engines used, for example, for outboard
motors for boats. However, the motor may have
a positive lubrication system which may be used
either alone or in conjunction with a lubrication
systemn depending upon mixing lubricating oil
with fuel.

The positive lubricating system comprises a
plurality of oil feed ducts 144 in head 12 leading
to the three hollow wrist pins 61. Similar oil
duets (not shown) in head 1 lead from the wrist.
pins 61 so that constant oil circulation may be
provided. The wrist pins are drilled only part
way through, providing a partition !{7 separat-
ing the axial hole into inlet and outlet ends 153
and 154 having suitakie radial openings 118.
Openings 148 lead oil to the bearing surface be-
tween arm bearing 60 and wrist pin §! which
is fast in heads {1, {2; they also communicate
with cooling ducts £50, {51 (Fig. 7) opening into
the said bearing surface and extending through
the length and breadth of the arms and horns.

These cooling ducts may have any suitable ar-
rangement but in general one duct 150 leads from
one axial end 152 of the wrist pin, lengthwise
of the arm, across the tip of the arm back the
other side to the other axial end {54 of the wrist
pin. A second duct {5/ passes from one axial
end 153 down the blade of the arm and into the
horn 65, across the end of the horn and back to
the other axial end 1{54. These cooling and
lubricating passages may have suitable fllamen-
tary connections (not shown) with the several
sealing strips and with the arm bevel 129 for
lubricating the areas of contact of the arms with
the case and rotor.

Ovperation

Tt will be noted that the rotor {3 has a high
portion or dwell [20 of substantially constant

~ radius extending through an angle of approxi-

mately 120°. The remaining 240° comprises a
rise 12} leading from the dwell 120 to low point
122 of the cam and a fall 123 leading from low
point 122 to the dwell 120 of the cam. The outer
curved portion 64 of the arms 15 cooperates with
the dwell 120 of the cam, as shown at arm of
B, while the inner curvature 63 on the arms co-
operates with the nose 124 of the rotor cam dur-
ing part of compression.

The tip of the arms !5 has a bevel surface
{25 which cooperates with the tip seal !I{ to
seal the arm against the casing as illustrated in
the position B of the arm. This closes the pas-
sage connecting with combustion chamber §0.
The block has recesses (26 adjacent the intake
valves 16 to house the arms when in oufermost
position while it has projecting portions 127 ad-
jacent the exhaust valves 19 laid out on a radius
equivalent to the maximum radius of the rotor.

In operation, as the rotor rotates in the di-
rection of the arrow R, it causes the three arms
i5 to execute an oscillating movement, the arms
occupying an innermost position when engaging
the low point {22 of the cam (near position C)
from whence the arm rides up on the rise 121
of the cam until it occupies an outermost posi-
tion, as shown in position B. Continued rotation
of the rotor causes dwell 128 to hold the arm in
substantxally this outermost position. until the

75 tip 128 of rotor reaches the tip of the arm (near
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Positione. Ay when the armr rides down: on: the
fall (23 of the rotor to the lowermost position:
£22 (near position C).

It will be understood that each armr 15 forms
part of a seetion which goes through a complete
thermo~dynamic cycle. Each arm i§ has four
valves associated with .it. Intake radial valve
t6 passes fresh gas drawn from the supply into
the compressionr chamber #3i. Automatic dis-
charge: valve 17 passes compressed gas from the
compression chamber §3i1 through compression
passage 34 to the inlet valve (8 of the next
preceding section. Inlet valve 18 admits com-
pressed gas to the combustion chamber 50 which
gas is led to. the expansion chamber {22, doing
work. against the arm {9 and agsainst the rotor
£3 until the gas reaches the end of its expansion,
at. which time the exhaust valve i9 opens, pass-
ing: inert. or burnt gas irom the expansion
chamber (32 to exhaust.

The three arm type turbo-miofor as shown is
equivalent to a conventional six cylinder recipro-
cating internal combustion engine using the Otto
cycle. Each section 4, B, C, fires. once  each
revolution giving a power impulse every 120° of
straight drive shaft rotation. The cycle of the
present invention differs: from the Ofto cycle in
that the gas is compressed on onie side of the arm
and exploded. and expanded on the other side of
the arm, which has certain advantages discussed
below.

Each section A, B, C, goes through an identical
cycle so only one cycle will be traced. However,
the cycle of each section is not complete in itself
but each section receives compressed gas from the
next preceding section. Since the different arms
15 are shown at different points in their cycles,
these arms will be used to illustrate the several
events of a single cycle.

It will be noted that rise 121 pushes the arms
outwardly for compression while fall 123, down
which the arms ride, provides the pushing sur-
face propelling the rotor during expansion.

It should be noted that rise (24 and fall 123

are independent so that various rates of com- .

pression and rates of expansion can be obtained
as required by different octane fuel ratings.

It will be noted that section A is in & position
where gas may already have been ignited and is
almost ready to start its expansion cycle.
arm of A moves inwardly (under force of expamn-
sion in combustion chiamber 58) it will draw gas
into the compression chamber {3f. Section B
is shown scavenging exhaust gas through its ex-
haust valve {9 and has just compressed gas in its
compression chamber for use of section A. Arm
of C is shown in the position of almost com-
pleting its expansion cycle and almost com-
pleting the drawing of fresh gas into its com-~
pression chamber {31.

As the rotor {3 revolves clockwise in the direc-
tion of arrow R, arm of A will follow the rotor
untder the impetus of an explosion in ifs com-
bustion chamber 80 and draw fresh gas through
intake valve {8 into compression chamber (31,
After the arm of A reaches its innermost position,
the intake valve 18 of A closes.

As the rotor continues to rotate, arm of A is
forced back to its outer position whieh compresses
the mixture in its compression chamber {31 and
forces it through sutomatic discharge valve {1
and through compression duct 44 to the combus-
tion chamber 58 of section C. The combustion
chamber inlet valve {8 of section A is closed ap~
proximately 30° before the tip 128 of the rotor

As the
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reaches the end:of the compression. atnt of 4;
Ignition takes place by the spark plug 48 of &
firing approximately 7 to 15° hefore the tip (28 of
the rotor passes the: end of the arm of A.

As the tip 128 of the rotor passes beyond the
end of arm A, the force of the expansion in eom~
bustion chamber 5@ acting upon the ares of the
arm’ and upon the area of the rotor; forces the
arm to follow the rotor:

The exhaust function takes place by the-for-
ward surface t2i of the rotor sweeping hefore it
the burnt gases out of the expansion chamber
through the exhaust valve {9. As.arm of A beging
its-inward movement, section C is almost ready
for its exhaust valve {9 to open, the exhaust
valve opening when the tip 128 of the roter passes
about 80° past the tip of arm ef section A, thus
providing overlapping expansions (of sections €
and A) simultaneously on the rotor. Inlet valve
t8 of section € may open just before arm: of C
seals against: seal ({4 to help scavenge combus~
tion chamber and expansion chamher of C. ‘The
exhaust valve closes when the exhaust chamber
volume becomes substantially zero.

Thus an internal combustion engine has heen
deseribed which has o minimum of ratating and
reciprocating parts. 'The simple oscillating arms
acting on the rotor perform all of the functions
of  pistons, connecting rods, and bent up crank
shafts of the conventional engine. There is less
vibration, the drive shaft is straight and may be
carried on ball or rvoller hearings. The one~
rotor, three-arm motor fires as-often as a conven~
tional six eylinder engine with its six pistons, six
connecting rods, six- eranks, ete.

The compression, combustion and expansion
chambers are separate. This permits utilization
of expansion to a much lower pressure and tem-
perature thereby appreciably increasing the ther-
mal efficiency. Expansion is not restricted by
limitation of the compression ratio. The com~
pression ratio may be made suitakle for Die-
sel requirements. The expansion. ratio may be
greater than the compression ratio as in the
Atkinson cycle. The expansion ratio may be
double the compression ratio.

Due to the consfruction of the present turbu—
motor, the efficiency of the Atkinson cycle may he
ebtained with the simplicity of Otto or Diesel
cyeles construction. Due to the-greater expan-
sion and consequently lower temperature, there
is Iess heat.flow from the combustion and expan-
sion chambers to the water jacket.

The ideal cold spherical combustion chamber

5 entirely contained in. one casting is obtained.

Firing is so controlled that the eombustion is
complete before the arm. opens and releases the

. hot gases from the combustion ehamber into the

expansion chamber. The combustion chamber
provides for maximum turbulence, thus minimiz-
ing detonatien. It is completely surrounded hy
water and has only one valve, which is cooled by
each incoming charge.

Improved secavenging is obtained. The inlet
poppet valve may be opened slightly before the
arm seals the combustion chamber, thus expell-
ing burnt gases. After the gases in the expan-
sion chamher have expanded fto from nine to
twelve times their original volume and are near
atmospherie pressure, the exhaust valve opens
and remains gpen until the rotor has expelled all
the waste gases from the previous power impulse.
The exhaust valves are not subjected to high
i)ressure or to high temperatures when exhaust-
ng.,

e
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s~ 'There is increased power overlap with the pres-
ent’ construction.
pulses for each revolution of the rotor and the
gas in any section fires and expands before the
expansion of a previous section is completed, thus
providing two expansion chambers operating upon
a rotor at the same time. Thus more uniform
toraue is obtained.

"The increase in the number of arms to three
glves more pumping volume than obtained with
a two arm cylinder as in the prior patent above
referred to.

The force required for compression by action
of the forward side of the rotor upon the arms
is obtained by expansion directly applied to the
rearward side of the rotor. This reduces fly-
wheel need and lessens stress on the main shaft.
There is less likelihood of kickback because there
is approximately a 195° lock. After each power
impulse the arm is locked as by a toggle joint
so that it is impossible to reverse the direction
of rotation of the rotor by applying pressure on
the compression arm. Compress‘on takes place
in about 90° of shaft rotation after which there
i8 no pressure on the compression arm for about
120°,°

The compression conduit connecting the com-
pression chamber with the preceding combustion
chamber may hold about one-fifth of a charge
by volume. This mixture remains in the passage-
‘way vnder compression for about .02 of a second
at 1200 R. P. M. It cannot burn until it is trans-
ferred to the combustion chamber. It is com-
pletely surrounded by water and there is no pos~
sibility of pre-ignition.

The arm and rotor surfaces are subjected %o
2 minimuvm of wear. These surfaces may be
made from extra hard material having lons wear~
jng and high heat resisting qualities. The free
ends of the arms where they engage the rotor
can wear considerably requiring only minor tim-
ine gdjustments.

The wear on the arms, as well as vibration, is
minimized by inherent construction of the mo-
tor.
the power stroke on the same arm, assists in
reducing the bearing load of the free end of the
arm against the rotor during the highest pres-
sure period. Other provisions may be made to
minimive wear and vibration, such as exhaust
valve timing, compression arm design and igni-
tion timing. For example, leaving the exhaust
valve of anv section closed until the power stroke
of that section has expanded over 160° maintains
a cushioning effect on the next arm as it is start-
ing on 'a new power stroke. Making the free end
of the arm of such size, that the pressure on the
total area exposed is just great enough to com-
pel the arm to follow the rotor and maintain a
gas seal between the arm and rotor on the pres-~
sure side, minimizes initial power impulse pres-
sure on the arm. As the end of the arm wears,
such wear can easily be compensated for by ad-
vancing the ignition.

Sealing hetween the edges of the arms and the
casing head is efficiently accomplished by the

xsealmg strlpx carried by the arms; likewise seal-~
Jing between the end faces of the rotor and the
cheads.” Sealing between the cam: surface of the
“yotor and the_cylindrical surface of the block is
of secondary importance since pressure arsas on
the rotor are always bounded by the arms. The
arm -bearing sealing strips {99, the horn seal-
-ing strip- {18, the combustion chamber sealing

There are three power im-~-

The suction, occurring simultaneously with -
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strip (11; all extend axially of the block from
head to head.

The intake compressmn, combustion and ex-
pansion chambers are sealed against leakage by
the sealing strips being forced out against the
opposing surfaces by the wave springs behind
them. These sealing strips also take care of ex-
pansion of the relatively moving parts which re-
tain proper working clearances at all times. The
sealing strips on the rotor always travel in the
same direction and thus are not subjected to
increased friction due to sudden change in di-
rection. The rotor does not do any of the pump-
ing or compressing but all pumping and com-
pressing ‘is done in the separate compression
chambers by the oscﬂlatmg arms wh1ch act as
built-in compressors:

The engine is- adequately cooled both by Water
jackets. and by oil flow through the arms. Heab
transfer also takes place by contact of the arms
and rotor, through their sealing strips, with the
water cooled casing walls. All vital parts in the
casing, including all passageways, combustion,
compression and expansion chambers, are sur-
rounded by water. -

While certain novel features of the invention

" have been disclosed herein, and are pointed out
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in the annexed claims, it will be understood that
various omissions, substitutions and changes may
be made by those skilled in the art without de-
parting from the spirit of the invention.

What is claimed is: :

1. In a rotary internal combustion engine, a
case having an annular wall with flat ends pro-
viding a central, generally cylindrical rotor
space, said ends carrying central bearings, a main
shaft journaled in said bearings, a rotor on said
shaft having a cam surface, three arms, means
pivoting said arms at the outer side of said rotor
space at equi-spaced points, each said arm hav-
ing a blade portion riding on said cam surface
and an outer horn, said case having a horn re-
cess for said horn, said horns dividing said space
into three compression and three expansion
chambers, ignition means for expanding gas in
each expansion chamber while the ‘gas in the
preceding expansion chamber is still expanding.

2. In a rotory internal combustion engine, a

_ease having an annular wall with flat ends pro-

viding a central, generally cylindrical rotor space,
said ends carrying central bearings, a main shaft
journaled in said bearings, a rotor on said shaft
having & cam surface, three arms, means pivot-
ing said arms at the outer side of said rotor space
at equi-spaced points, each said arm having a
blade portion riding on said cam surface:and

“an outer horn, said case having a horn recess

for said horn, said horns dividing said space into

‘compression and expansion chambers, conduits

to enable the compression chamber of each arm
to feed the combustmn chamber of the next pre-
ceding arm.

3. In a rotary internal combustion engine, a
case having a block with a central, generally
cylindrical rotor space, heads enclosing said rotor
space, said heads carrying cemtral bearings, a
main shaft journaled in said bearings, a rotor
on said shaft having a cam surface, said heads

-having seats, hollow wrist pins in said seats, arms

each of which hasa hub journaled on its respec-
tive wrist pin and a blade portion riding on said
cam surface and a horn, said bleck having re-

cesses for said horns, said hollow wrist pins hav-

ing -central walls forming inlet and outlet pas-
sages, radial inlet and outlet openings in said
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wrist pins connecting said passages, said hubs
having inlet and ouflet openings adapied. to
register with corresponding wrist pin openings,
said arms each- having conduits .connecting hub
inlet and outlet openings, at least one of said
conduits extending to the free end of said blades,
at least another of said conduits extending %o
the free ends of said horns.

4. In a rotary internal combustion engine, a
case having a generally cylindrical wall with flat
heads forming a rotor space, a main shaft cen-
trally. journaled in said heads, a rotor on .said
shaft and having a cam surface, said cam sur-
face comprising a rise, a dwell and a fall, said
_eylindrieal surface having three recesses, three
wrist pins in said recesses secured to said case,
 three arms on said wrist pins, each said arm hav-

‘ing a blade riding onsaid cam surface, each said
arm-having a horn laid out with its wrist pin
as a center, said block having three horn recesses
for said horns, said case having three spherical
combustion chambers, 'said horns dividing said
rotor space into three compression chambers and
three expansion chambers, compression passages

connecting the combustion chambers with the

. mext preceding compression chambers, valves at
the junction of said compression passages -and
combustion chambers, said case having three in-
let passages, inlet valves in said inlet passages

at the junction of said inlet passages and the .

compression chambers, valves in said compres-
sion passages at their junction with said com-
pression .chambers, said rotor chamber having
beveled seats at the junctures of the expansion
and combustion chambers, sealing devices in said
seats, said blades having beveled surfaces seab-
ing against said seats to seal off periodically the
combustion chambers, said arms riding down
said fall during expansion, said arms riding up
said rise during compression and riding -on said
dwell to hold ‘said combustion chambers sealed.
5. In a rotary internal combustion engine, @
case having a ‘generally cylindrical wall with flat
heads forming a rotor recess, a main shaft cen~
trally journaled in said heads, a.rotor on said
shaft and having a cam surface, said eylindrical
surface having a plurality of recesses, wrist pins
in said recesses and secured to said case, arms on
said wrist pins, each ‘said arm having a blade
riding on said cam surface and having anouter
curvature concentric with the main shaft and an
inner curvature separated by a high point, said
arm having.a horn laid out with its wrist pin.as
a center, said block having horn recesses for said

horns, said case having spherical combustion -,

chambers entirely cast therein, said horns divid-
ing the chamber space into compression chambers
and expansion chambers, compression passages
connecting the combustion chambers with the
next preceding compression chambers, axial pop-
pet valves at the junction .of said compression
passages and combustion chambers, said.case hav-
ing inlet passages, radially extending inlet poppet
valves in said inlet passages at the junction: of
said inlet passages-and the compression chambers,
radially movable check valves in said compression
passages at their junction with said compression
chambers, said rotor chamber having beveled seats
at the junctures of the expansion and combustion
chambers, sealing devices in said seats, said blades

having beveled surfaces seating against said seats

to seal off periodically the combustion chambers.

6. In a rotary internal combustion engine; a
case having an annular wall'with end walls pro-
‘viding a central, generally cylindrical rotor space,
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a rotor journaled in said space and having acam
drum surface, a plurality of arms, means pivoting
said arms at the outer side of said rotor space; each
said arm having a blade portion riding on said
cam surface and-an outer horn, said case having
a horn recess -for said horn, said horns :dividing
said space into compression and expansion cham-
bers, said case having conduits with means. to
enable the compression chamber of each arm to
feed the combustion chamber of the next preced-
ing arm, whereby the single case houses a :com~
plete operating unit. )
7. In a rotary .internal combustion engine, a
case having an annular wall with end ‘walls pro-
viding a-central, generally cylindrical rotor space,
& rotog qurnaled in said space and-having-a cam
drum surface, a plurality of arms, means piveting

said- arms -at the outer side -of said rotor space,
each-sald arm having a blade portion riding on

said eam surface and an outer horn, said case
having a horn recess for said horn, said horns
dividing-said space into compression and expan-
sion- chambers corresponding to the number of

arms, said engine having means for «causing the

gas to expand in each expansion chamber while
the gas in the preceding expansion chamber is
still -expanding.

-8.-In a rotary internal -combustion -engine, a
case having an annular wall with end walls pro-
viding a central, generally ¢ylindrical rotor space,
@ rotor having a cam -surface journaled in said
rotor space, an arm pivoted to the outer side of
sa'd rofor space, said arm having a blade portion
riding -on said cam surface :and an outer horn,
said case having a horn recess for said horn, said
horn dividing said space.into ‘a compression and
an -expansion chamber, said case having a com-
bustion chamber adjacent said horn recess and
communicating with said -expansion chamber,
said case having g recess-.adjacent said combus~
tion chamber to house said arm, the tip of said
arm being beveled to seat against a corresponding
beveled seat on the case, said beveled seat having
a slot extending from end ito.end of the rotor
space,.said slot having a projection on a side wall
thereof, a sealing strip of L-shaped cross section
seated in said slot, a sealing strip of channel
shaped cross section nested in the L.-shaped strip
and hayving its.channel surrounding said projec-

tion, and a wavy spring between the L- shaped

strlp and the bottom of the slot to urge said seal-
ing strips .against said tip.

JOHEN N, ;HIN.C_KLEY. '
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