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UNITED STATES PATENT OFFICE.

FRANK A. BULLINGTON, OF KANSAS CITY, MISSOURI, ASSIGNOR TO BULLINGTON
MOTORS, OF KANSAS CITY, MISSOURI, A COMMON LAW TRUST CONSISTING OF
SOLOMON STODDARD, ERNEST E. HOWARD, AND FRANK A. BULLINGTON.

INTERNAL-COMBUSTION FNGINE.

Continuation of application Serial No. 404,592, filed Awgust 19, 1920, " This application filed June 10,
1922, Serial No. 567,288, .

To att whom it may concern:

Be it known that I. Fraxx A. BuLninag-
TON, & citizen of the United States, residing
at Kansas City, in the county of Jackson and

5 State of Missouri, have invented certain new
and useful Tmprovements in Internal-Com-
bustion Engines; and T do declare the fol-
lowing to be a full, clear, and exact descrip-
tion of the invention, such as will enable

10 others skilled in the art to which it apper-
tains to make and use the same, reference
being had to the accompanying drawings,
and to the figures of reference marked there-
on, which form a part of this specification.

15 This invention as herein illustrated and
déscribed relates to prime movers for gener-
sting power and particularly to a motor
in which an expansible motive fluid is er-
ployed to impart motion to pistons which ro-

20 tate about a common axis,

This application is a continuation of an
application filed by me on or about August
19, 1920, Serial No. 404,592.

The particular type of motor invelved

28 includes co-operating pistons progressively
rotatable about the axis of the power shaft,
one piston having relatively accelerated
movement with respect to the other and the
latter having relatively retarded movement.

30 The pistons, howevyer, rotate within the sta-
tor so that first one and then the other be-
comes the accelerated piston.

In actual practiee I prefer to arrange the

istons in pairs, the pistons of each pair
ing rigidly connected and they are dia-
metrically oppositely located on their re-
spective shafts so that a movement of a pis-
ton in one pair will induce s corresponding
movement of the other piston in that pair,
40 1 also provide means whereby first one set
of pistons and then the other set becomes the
accelerated pistons, and vice versa in alter-
pate relation throughout the repeated cycles

of the motor. Therefore, it will be seen

45 that the various sets of pistons become action
clements and reaction elements in alternate
relation to generate power within the motor
and communicate it to a transmission shaft.
That is, if a piston of one pair is the ac-

.50 tion element for one explosion it is a pri-
mary action element and the other piston of
the ‘same pair is a secondary action cle-
ment to cause simultaneous compression ac-

35

tion and intake action for succeeding
charges, and then one of the pistons of the 38
other pair is a primary reaction element and
its mate in the same pair is a secondary re-
action element to assist in a simultaneous
scavenging or exhausting action of a pre-
viously exploded charge and an intake ac-
tion for a succeeding charge. After one pis-
ton has left the spark plug as a primary
action element, the next time it leaves the
spark plug it will be a primary reaction
element. :

Devices of the same generic principle as
described above have been provided hereto-
fors hut in order to maintain an operative
co-acting relation between the pistons of the
vavious sets, it is necessary to provide a T0

a5

amovement controlling mechanistn between

the motor shaft and the transmission shaft
and in so far as I am aware, such movement
controlling mechanism leretofore has
been associated with a pivotal point or shaft 76
eccentric to the piston shaft, with the result
that the power had to be taken from the
motor by some inefficient means. )

It is of prime importance to the snccess-
ful operation of a four cycle rotary com-
bustion motor that each piston accelerate
and retard at the same rate so that there
will be a uniform application of the power
generated within the motor to the driven
shaft or power shaft of the motor for in 85
the event that there are variations in the ac-
celerating and retarding movements, obvi-
ously there will be a variable in the angu-
lar speed of the driven shaft which might
be termed a ‘“jumpy” action. Therefore,
it is an important feature of my invention
that the linkage between the pistons and
the power shaft be so constructed and so
co-ordinate that under all conditions there
will be a uniform alternating accelerating
and retarding rotative movement of the pis-
tons.

Prior to my invention pistons have been
connected and controlled by linkage but in
all devices of which I have &mowledge the
linkage was so constructed that variables
would occur in the accelerating and retard-
ing movements of the pistons. Some at-
tempts have been made to overcome thie
recognized disadvantage but such structures 108
have included cams or gears for controlling
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the movements of the pistons. Where gears
are used. obviously, the mechanism was me-
chanically impracticable because the teeth
could not withstand the shocks or blows
communicated to them at the moment of
explosion or ignition of the fuel charge.
Likewise where cams were employed, they
were associated with rollers which passed
over them and these also caused hammer
blows or local shocks to the rollers and to
definite parts of the cam at each explosion
so that in actual practice they could not
stand up.

My invention contemnplates means for con-
necting the pistons to the driven shaft of
the motor by suitable linkage or niechanism
which will control the movement- of the
pistons about a common aXis so that they
will have relative movement to compress fuel
charges to combustible pressures and where-
by the pistons will have alternate uniform
accelerating and retarding rotative move-

~_ments to insure uniform application of the

30
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éxpansive forces of the ignited charges ap-
plied-to complementary pistons to thereby.
through the linkage, ratate the driven shaft
with uniform application of power as well
as to insure balanced rotative movement of
the pistons.

This I accomplish by so construeting the
linkage for connecting the pistons to the
driven shaft that all of the parts will have
constant movement during the operating pe-
riods of the motor so that there will be no

5 stationary parts to receive the impacts of

the exploded charges. The constantly ro-
tating connecting linkage between the pis-
tons and the driven shaft will abserb the
impact of the exploded charges during their
movement and during the time that there
will be relative movement between the oper-
ating parts of the linkage so that a hammer
blow or direct impacting contact will not
result as would be the case where a sta-
tionary cam, for example, was the guiding
element about which pins or shafts of the
link members moved or where a fixed gear
received all of the force of the exploded
charges from a pinion tooth.

With nniform applications of power from
the succossive explosions, uniform angular
rotation of the driven shaft may be pro-
vided and insured by a fly wheel thereon.

Tn the construetion illustrated in this ap-
plication. T utilize gears but these gears o
not receive the full impact from the exploded
charges: they receive a_resultant force of
{he exploded charges. Such impact is ab-
sorbed in the linkage, the gears being uti-
Jized merely as delivering the resultant work-
ing force or torque to the driven shaft and
ava important parts in controlling the ro-
tative movement of the pistons and the re-
sultant working force to the driven shaft.
Tt is to be noted, however, that the objec-
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tions heretofore referred to with respect to
the inclusion of gears in a connecting link-
age between the pistons and the driven shaft
is not present in my invention on account

of the fact that the shocks are absorbed at 7

a point in the linkage Detween the pistons
and the gears which have been heretofore
referred to. Co

Attentiop is called to the fact that the en-
tire linkage planetates about the axis of the
pistons and about the axis of the driven shaft
and that this planetary movement continues
throughout the entire operating cycles of

the motor.

In the drawings, ‘

Fig. 1 is a perspective view of the inven-
tion partly in section to show the interior
of the engine casing and the interior of
the crank case and co-operating mechanism.

Fig. 2 is a vertieal, longitudimal, sectional
view, one of the pistons being shown in sec-
tion. to illustrate the arrangement of the
packing. T v

Fig. 3 is a view of the moper with the
outer half of the casing removed on the line
3—3 of Fig. 2, looking in the direction of
the arrow,

Fig. 4 is a cross sectional view on the
line 4—4 of Fig. 2. ‘

Fig. 5 is a sectional view on the line 5—35
of Fig. 3. -

Fig. 6 is a diagrammatic view showing the
positions of the pistons and the piston con-
trolling linkage when the erank is at upper
dead center. ‘

Fig. 7 is a diagram showing the position
of the pistons when the crank is advanced
293 degrees from the position shown in
Fig. 6. '

Fig. 8 is a diagrammatic view showing
the position of the pistons and the piston
controlling linkage when the crank hax ad-
vanced 45 degrees from the position shown
in Fig. 6.

Fig. 9 is a diagrammatic view showing
the position of the pistons and the linkage
when the crank has advanced 67} degrees
from the position shown in Fig. 6. )

Fig. 10'is a diagrammatic view showing
the positions of the pistons when the crank
has traveled one-fourth of a revolution to a
side dead center position or oue complete
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power stroke, it being understood that the '

engine shown provides four erank dead cen-
ter positions and four explosions to a_com-

plete revolution of the motor shaft and that

the engine is designed to operate on the
principle of a four-c¢ycle hydrocarbon en-
ne.

The stator is shown as consisting of & cas-
ing comprising the halves 10 and 10, the
onter one 10 of which is removable to per-
mit access to the stator. The interior of the
gtator is elliptical in cross section but

“formed to provide s circumferential cham-
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ber for the pistons. The casing is provided
with a water jacket 11, having an inlet 12
and an outlet 13 whereby a cooling fluid
may be circulated about the stator to dissi-
pate heat generated by the explosions with-
in the motor casing. The two halves may

- communicate through the aligning ports 11’

15

25
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40

so that the water may circulate through
the water jacket.

The stator is provided at an appropriate

oint with a spark plug 14, having a cham-

r 15 about the spark plug point com-
municating with the interior of the stator
whereby the charge admitted o the stator
may be exploded when under compression.
As shown the spark plug is at the top of the
stator while the iilet 1s near the bottom
thereof, the arrangement of inlet being best
shown in Figs. 8 and 5.

The inlet may consist of a chest or valve
casing 16 having a plurality of ports 17,
18, 17" and 18’, the latter progressing from
the control valve 19 into the stator chamber.
The valve 19 is provided with oppositely
located ports 20 and 21 wherchy when the
valve is turned, the effective port and nas-
sage area between the carburetor amd the
interior of the stator casing can be reg-
ulatd; that is, maintained at a sufficient ef-
fective area to insure the most efficient
vacuum condition between the engime and
the carburetor. In other words, the ar-
rangement of intake is such as to insure the
proper manifold or port area for the speed
and temperature of the motor.

The motor is provided with an exhaust

port 22 near the lower side of the casing
and with an auxiliary exhaust port 23 and
a preliminary intake port 24 hetween the
main intake and the main exhaust, as clear-
Iy indicated in Fig. 3.
_ Within the stator is a plurality of pistons
arranged in pairs, the pistons of one pair
being designated 25 ang 26 on the hub or
web 27 carried by the piston shaft -28,
The pistons of the other pair are designated
20 and 30 carried by the hub or web 31,
mounted on the hollow piston shaft or sleeve
32 sleeved upon the shaft 28 and extending
through -the bearing 33, illustrated as an
integral part of the stator casing. There-
fore, the pistons 25 and 26 have synchronous
movement, one with the other but independ-
ent movement with respect to the pistons
29 and 30. 'The pistons 29 and 30 have syn-
chronous movement one with the other but
independent movement with respect to the
pistons 25 and 26. ‘

All of the pistons are provided with are-
uate piston rings or strips 34, which are
normally pressed outwardly by coiled
springs 35 in recesses in the pistons, it heing
apparent by reference to Figs. 1 and 2 that
the pistons on the hub 27 are substantiallv

5 semi-circular and extend over the hub 31,

shaft

and that the pistons 29 and 30 on the hub
31 overlie the hub 27, as clearly shown in
Fig. 1. The lower edges of the pistons
which overlie the compfmnontnry hubs are
provided with spring-pressed packing strips
46, as will be clearly seen by reference to
Fig. 2, and the outer faces of the hub are
provided with complementary sealing rings
37 and 38 which co-operate to provide close
clearances to prevent leakage of the explo-
sive charge. ‘ ,

The inner faces of the complementary
hubs 27 and 31 are provided with split ring
l[j)ackin‘gs 39 and 40, each bearing and rub-

ing against the other but carried freely and
independently by or within its particular
piston hub, this being an advantage over
a solid or one-piece packing ring since the
split packing ring more effectually seals or
packs the joint between the two piston hubs

even in the event of slight irregularities or

warping between the two complementary
piston hubs 27 and 81.

As heretofore explained, it is desired to
provide certain relative movements between
the two pairs of pistons during the cycle
of operation so that first one pair of pistons
of a set becomes the accelerated or action
pistons while the other pair is reaction pis-
tons and then on the next explosion, the pair
of gistgns which has provicusly been the
accelerated or action pistons becomes the
retarded or reaction pistons and the pistons
which in the first instance were the retarded
or reaction pistons then become the acceler-
ated or action pistons, the relative func-
tions of the two pairs of pistons alternating
at each explosion, :

The mechanism for accomplishing the

roper functioning of the various pistons
includes a coupling for connecting tge‘ pis-
ton shafts to the transmission element which
may be the crank shaft or gear shaft, ac-
cording to the manner of transmitting the
power. The transmission crank shaft 41 is

shown .as in line with and eoncentric with -

the piston shaft 28 and is mounted in & bear-
ing 42, which may be suitably supported by
A casing 43, carried by the stator or motor
casing.  On the inner end of the crank
41 is_a hand 44 provided with a
counterbalance weight 45 and having a
crank 48 having a crark pin 46%, on which

is rotatably monnted a :inlon :.ar 47, mesh- -
120

ing+with the internal ieeth 48 of a station.
ary, internally toothed ring gear 49, ton:
centric with the shafts 28 and 41 but eccen-
tric to the axis of the pinion. The inter-
nally toothed ring gear 49 is rigidly sup-
ported by the casing 43 within the offset
portion 50, shown as fixed to the bearing 49
and casing so that the pinion gear will roll
over the teeth 48, rotate about its axis or
crank 46, and revolve bodily about the axis
of the crank shaft 41. Fixed to the pinion
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gear 47 and rotatable therewith ‘about the
Sxis of the crank pin 467 is a bar 51, tho
oppositely disposed arms 52 and 53 of
which constitute slotted cranks, the slots 54
and 55 receiving sliding heads or bearing
blocks 56 and 57, to which crank arms b3
and 59 on the piston hollow shafl 32 and
piston shaft 28 respectively arve pivotally
connected. ' ‘

The crank arms 58 and 59 are provided
with counterbalance weights 58’ and 59" at
their free ends, as shown, to assist in carry-
ing over dead centers and to facilitate
smooth running of the rotating parts of the
motor. ‘ _ :

In order to provide an interconnecting,
snpporting structure or coupling hetween
the crank 46 and the pisten shaft 28, 1 have
provided a link, or flosting bearing member
60, mounted on and carried by the crank 46,
and having a bearing engagement with the
shaft 28, at its crank end, the link being

rovided. with a counterbalance weight 6L.

e counterbalance weight 61, together with
the counterbalance weight 46 on the head
44 of shaft 41, provides the necessary coun-
terbalance for the crank pin 46, the pinion
!fﬁfhﬂ, and the bar 51

¥he power shaft 41 is shown as being
provided with a fly wheel pulley 62 from
which power may be transmitted to what-
ever driven elements are to respond to the
action of the motor. I prefer to extend the
piston shaft 28 through the outer half of
the casing and provide lugs 63 and 64 thove-
on so that a crank may be sleeved over - »
end of the shaft 28 in the usual way ior
cranking the engine.

‘When the parts are assembled as shown
and the motor is turned over, the pistons
rotating in a clockwise direction, so that
the initial charge is drawn in and trapped
between the pistons 26 and 30, Tor example,
when they occupy the positions of 29 and
96, it is apparent that the piston 26 will
move faster on the intake stroke than the
piston 30 so as to draw in the charge, the
accelerated movement ceasing by the time
the piston 30 has closed off the intake port.
Then, by teason of the linkage, the piston
30 will become the accelerated piston to
compress the charge until the pistons are
substantially in the pesitions of the pistons
95 and 29 in Figs. 8 and 6.

In this position of pistons the crank 46
and connecting mechanism is In a neutral or
dead center position and a slight movement
forward Wiﬁ carry over dead center, at
which time ignition of the compressed
charge of fuel between the pistons will be
caused by the spark plug and an electric
timer (not shown). he resulting explo-
‘gion and expansion of the charge will ac-
celerate the piston 26, the piston 30 being
glightly retarded during this time but also

1,497,481

moving forward until the accelerated piston
96 reaches the limit of its expansion stroke,
in which position it uncovers or opens the
exhnust port 22. wherenpon a second ex-
plosion cecurs in the succeeding chamber.
The retarded piston 30 will then be acceler-
atodl to close the gap or chamber between
the 1wo pistans hetween which the explosion
charge had just previously been ignited and
thereby cause the seavenging of the burnt
gas from the chamber. :

When the pistons arve
shown in Fig. 6, all parts are practically on
dead center so the bearings or blocks 56 and
57 are cqual distances on the bar 51 from
the pivot or crank pin 46, but when the pis-
tons move slightly forward in a clockwise
direction (Fig. 6), the bar 51 will be rotated
about the erank pin 46 in a clockwise direc-
tion, and the distance between the erank pin
and the block 57 will be greater than the
distance between the crank - pin and the
block 56. Therefore, the greater pull will
he on the arm 53 to cause the rotation of
the pistons to be in the direction of the
arrow, causing the forward piston relative
to an explosion to at all times be the accel-
erated or action piston and the rear piston
the retarded or reaction piston, and the
crank pin 46 and the bar 51 to revolve
bodily about the axis of the erank shaft 41
in a contra-clockwise direction and thereby
canse the rotation of the crank shaft 41 in
the same direction. Since_first 25 and 26
are the forward pistons and then 20 and 30
hecome the forward pistons, it follows that
alternately the two sets of
action and reaction pistons during the cycle
of operations.

When the piston 26 has reached the limit
of its explosion stroke, there will have been
a charge of fuel compressed between 25 and
30 and as the momentum carries the link
connection, cranks, etc., over dead center,
carrying 30 and 25 past dead center, there
will be another explosion between 30 and 25
so that 80 becomes the accelerated piston
and the space hetween 26 and 30 will ex-
haust. When the piston 30 passes and closes
the exhaust port 22, its aceelerated and scav-
enging aetion will not have been completed
and for the completion of this action, the
remainder of the exploded or burned gas
will be passed out throngh the auxiliary ex-
haust port 23. As soon as the piston 30
closes off 23, 26 will be uncovering the port
94 so as to draw in a preliminary charge
of fresh air before uncovering the inlet port
from the fuel supply. After the piston 26
passes the inlet port, the effective volume
of the space between 26 and 30 will be in-
creagsed to take the full charge of fuel and
then begin to compress the charge because
the piston 29 will be accelerating under the
influence of its exploded charge, the peak

in the position

pistons become -
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of the compression being reached at dead
center or adjacent to the spark plug so that
the charge will be exploded at the highest
point in its compression. Thus it will be
seen that a four-cycle operation of the en-
gine takes place after each explosion.

It will also be apparent that the effective
port area for the inlet may be controlled by
the valve 19 so that the port area can be
of appropriate size to insure the most effi-
cient vacuum condition between the en-
gine and the carburetor.

It will be further apparvent that after
each explosion, the end of the crank for
the accelerated pistan, that is, the advanced
piston, will be u greater distance from the
axis of rotation of the bar rigid on the pin-
ion than will the outer end o% the crank for
the complementary reaction piston, There-
fore, the greater pull will be exerted on
that portion of the bar co-operating with

 the advanced piston responding to the ex-

plosion, causing the bar to revolve about
the axis of the piston shafts in the direction
of rotation of the piston shaft by reason of
the fact that the pinion rolls with the bar

" on the teeth of the internal gear. The direc-

3

-

35

‘tion of rotation of the transmission element

will be reversed with respect to the motor
piston shafts, the movement being such that
the engine will continue to rotate in the
direction in which it is started. -

In order to bring about proper perform-
ance of the working parts of the engine in
that each piston will accelerate and retard
at the same rate to provide a uniform ap-

. plication of the power generated withig the

40

45

motor to the driven shaft or power shaft,
it is recommended that the engine be con-
structed in accordance with the diagram-
matic illustrations shown in Figs. 6 to 10,
both inclusive. ‘ .

In Fig. 6 the pistons are shown in their

roper relations at the beginning and end-
ing of each stroke action. That is, the two
pistons 29 and 25 arve in the position with

_ the charge compressed between them. The

b5

60

“time is 53 degrees and the

_grees, an

pistons 26 and 30 have exhausted. The posi-
tion of the bar 51 (rotatable with the pin-
ion gear 47 and about the axis of the crank
pin 46’ on which the pinion gear is mount-
ed) is perpendicular to the crank radius,
which is the dead center of the mechanism
and occurs four times during one revolu-
tion of the motor. The least angular dis-
tance between co-operating pistons at any
reatest possi ie
distance between any two pistons is 127 de-
grees. The angular stroke action, there-
fore, of complementary pistons is the sum
of 127 degrees and 53 dlegrevs, or 180 de-
their difference, or 74 degrees.
In Fig. 6 the distance between the radial

centers of the pistons is 53 degrees, as in-.
65 dicated by the angle c—d. Rotation of the

crank 47 in a contra-clockwise direction is
accomplished by a rotation of the pistons
about the motor axis in a clockwise direction
and in Fig. 7 the crank 46 has rotated 22}
degrees from the position shown in Fig. 6,
The bar 51 has rotated 45 degrees about the
axis of the crank pin, the piston 25 has ad-
vanced 27 degrees, and the piston 29 has ad-
vanced 18 degrees from their respective po-
sitions, the positions of the Pistons 29 and
25 heing indicated at angle ¢’ and d’. The
distance between them has been increased 9
degrees and an imaginary point midway be-
tween them, as indicatod{)
22} degrees from the point & {Fig. 6). The
piston 2§ has received an accelerated rota-
tion of 44 degrees and the piston 29 has been
retarded 4} degrees during the 22} degrees
of retation of the motor.
* In Fig. B the parts are shown in position
with the crank pih 46" advanced 45 degrees
from its position in Fig. 6, and the bar 51
has been rotated 90 degrees about the crank
pin. The piston 25 has advanced 633 de-
(girees and the piston 29 has advanced 263
e%Eees from their initial positions, as shown
in IFig. 6. The imaginary point midway be-
{ween the two pistons, as represented by b
in Fig. 6, has advanced to the position indi-
cated by 4”” in Fig. 8 and the angular move-
ment of the piston 25 in advance of the po-
sition indicated in Fig. 7 is indicated by the
angle d—d’’. Therefore, the piston 25 has
received an accelerated rotation of 18} de-
grees and the piston 29 has been retarded
in its movement of 18} degrees.

In Fig. 9 the crank nin 46’ is shown as
advanced 67} degrees from the point it as-
sumed in Fig. 6. The bar 51 has been ro-
tated 135 degrees about the crank pin, the
radial center of the piston 25 is indicated at

center of the piston 29, as represented by the
line ¢’”’, has been advanced 35 degrees from
the position shown in Fig. 6. The angular
distance between the pistons 29 and 25 has
increased 65 degrees and the original mid-
way point between the pistons, as indicated
by b in Fig. 6, has advanced 67} degrees.
Thus the piston 25 has received an acceler-
ated rotation-of 32} degrees and the piston
29 has received a retarded rotation of 82}
degrees. Therefore, the mean angle of ro-
tation of both pistons is 67} degrees, the
same as that of the crank pin 46’

In Fig. 10 the parts are shown with a
stroke action completed. The crank pin 46°
has advanced 90 degrecs, the bar 51 has been
rotated 180 degrees about the crank pin and
is again perpendicular to the crank radius,
the piston 25 has advantced 127 degrees, and
the piston 29 has advanced 50 degrees to the
position previously occupied by the piston
256 in Fig, 6. The movements of the pistons, -
bar and crank pin just enumerated in con-
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nection with the diagrams have been those
which take place between any two pistons

from the time of the explosion through the-

four cycle action of the motor. Of course,
in the diagrams each piston 29 and 25 is con-
nected to complementary pistons 30 and 26

- Tespectively so any movement which is im-
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parted to either piston 29 or 25 will impart
a corresponditi% movement to a comple-
mentary piston but at a different cycle posi-
tion during the rotation of the motor. For
example, when the piston 25 is moved out
under the expansion of the exploded charge
away frcm 29, its complementary piston 26
is moving into charge-compressing position
toward 29, and 30 is moving past the ex-
haust port and the space between 25 and.30
is being exhausted of gas which has pre-
viously done useful work. .

In order to simplify the de€ription it has
beenn deemed befter to_simply deseribe the
action«f 40 pistons during the four cycle
action of the motor since the movements of
any other set of pistons can be readily ascer-
tained in connection therewith.

Attention is called to the fact that the
diagrams and the explanations thereof are
simply illustrative of an engine in which
the stroke of the piston is 68 degrees, it
being apparent that the relative movements
of the various co-ordinating parts will pro-
portionately vary with engines having pis-
ton strokes of different lengths.

From the foregoing it will be seen that 1
have provided a motor possessing the -
herent, theoretical advantages of a rotary
engine without the inclusion of the mechan-
ical disadvantages. The motor is so ar-
ranged that advantage may be taken of the
movement value of a four cycle system of
reciﬁrocatory engine without the inhevent
mechanical disadvantages thereof, sucli as
the use of clack valves and the like. It will
also be seen that the arrangement of the
parts is so designed that a high degree of
efficiency is insured with the given consump-
tion of motive fluid. ,

What 1 claim and desire te secure hy
Letters Patent is: -

1. In a rotary motor, a casing, pistons

_therein, concentric shafts for the pistous,

55

one of which is sleeved upon the other. a
driven crank shaft spaced from but con-
centric with the piston shafts, the crank on
the crank shaft rotating about an axis com-
mon to the concentric piston shafts and the
crank shaft, and means connecting the crank
and piston shafts in co-operative relation.

2. ];n a rotarv motor. n casing, pistons
therein, concentric shafts for the pistons,
one of which is sleeved upon the other. a
driven crank.shaft spaced from but concen-

tric with tlie pistpn shafts. the crank on the

crank shaft rotating about an axis common
to the concentric piston shafts and the erank

1,497,481

shaft, and means connecting the crank and
piston shafts in co-operative relation, said
means including a rotatable bar carried by
the crank, and cranks on the piston shafts
having slidable engagement with said bar.

3. In a rotary motor, a casing, pistons
therein, coucentric shafts for the pistons,
one of which is sleeved upon the other; a
driven erank shaft spaced from but concen-
tric with the piston shafts, the crank on the
crank: shaft rotating-about an axis common
1o the concentric piston shafts and the crank

0

shaft, and means connecting the crank and ’

piston shafts in co-operative relation, said
means comprising a slotted bar rotatable
with the crank but movable in a direction
opposite to the rotation of the crank, and
cranks on the piston shafts having slidable
engagement with said bar.

4. In & rotary motor; a casing, pistons
therein, concentric shafts for the pistons,
one of which is sleeved upon the other, a
driven + uk shaft spaced from but concen-
tric wi» the piston shafts, the crank on
the crank shaft rotating about an axis
common te the concentric piston shafts and
the crank shaft, and means connecting the
crank and piston shafts in co-operative re-
lation, said means including a rotatable bar
carried by the crank, cranks on the piston
shafts having slidable engagement with said
bar, and a link between one of the piston
shafts and a crank on the crank shag. _

5. In a rotary motor, a casing, pistons
therein, voncentric shafts for the pistons,
one of which is sleeved upon the other, a
power transmission element spaced from but
concentric with the piston shafts, a crank
on the power transmission element, means,
connecting the crank and the piston shafts
in co-operative relation, said means includ-
ing a rotatable bar carried by the crank,
cranks on the piston shafts having slidable
engagement with said bar, and a counter-
balancing link between one of the piston
shafts and a crank on the power transmis-
sion element.

6. Tn a rotary motor, a casing, pistons
therein. concentric shafts for the pistons, one’
of which is sleeved upon the other, & power
transmission element spaced from but con-
centric with the piston shafts, a crank on the
power transmission element. a pinion gear
rotatable on said crank, an internal gear
about the pinion with which the teeth of the
pinion mesh to provide a rolling contact, a
bar rigid with the pinion, and cranks on
the piston shafts in sliding engagement with
said bar. : s

7. In a rotary motor, & casing, pistons
therein, concentric shafts for the pistons,
one of which is sleéved upon the other, a
power transmission element spacéd from bug
concentric with the piston shafts, a crank
on the power transmission element, a pinion
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géar rotatable on said crank, an internal

‘gear about the pinion with which the teeth

of the pinion mesh to provide a rolling con-
tact, a bar rigid with the pinion, cranks on
the piston shafts in sliding engagement with
said bar, and a floating bearing connecting
one of the piston shafts and the crank.

8. In a rotary motor, a casing, pistons
therein, concentric shafts for the pistons,
one of which is sleeved upon the other, a
power transmission element spaced from hut
concentric with the piston shafts, a crank
on the power transmission element, a pinion
gear rotatable on said crank, an internal
gear about the pinion with which the teeth
of the pinion mesh to provide a rolling con-
tact, a bar rigid with the pinion, cranks on
the piston shafts in sliding engagement with
satd bar, and a flonting bearing connecting
one of the piston shafts and the crank, said
bearing comprising a counterbalancing link.

9. In u rotary motor, a casing, pistons
therein, concentric shafts for the pistons,

one of which is sleeved upon the other,

cranks carried by the shafts, bearing blocks
loosely engaged by the ends of the eranks, a
power transmission element, 4 crank carried
thereby, and a rotatable bar mounted on the
crank and revolving in a direction opposite
to the rotation of the power transmission
element, said bar having slots engaged by
the blocks on the cranks of the piston shafts.

10. In a rotury motor, a casing, pistons
therein, coucentric “shafts for the pistons,
one of which is sleeved upon the -other,
cranks carried by the shafts, bearing blocks
loosely enguged by the ends of the cranks,
a_power {ransmission element, a crank car-
ried thereby, & rotatable bar mounted on the
crank and revolvine in a direction opposite
to the rotation of <ne power transmission
element, said bar having slots engaged by
the blocks on the cranks of the piston shafts,
and a link connection between one of the
piston shafts and the crank.

1L In u rotary motor, o ecasing, pistons
therein, concentric shafts for the pistons,
one of which is sleeved upon the other, a
power transmission elenient spaced from bu
concentric with the piston shafts, a crank
on the power transmission element, means

connecting the crank and the piston shafts.

in cooperative relation, said means includ-
ing a rotetable bar carried by the crank,
cranks on the piston shafis having operative
engagement with said bar, and an inter-con-
necting means between one of the piston
shafts and a crank on the power transmis-
sion element. v

12. Tn a rotary motor, n casing, pistons
therein, concentric shafts for the pistons,
one of which is sleeved upon the other, a
power transmission element spaced from but
concentric with the piston shafts, « crank
on the power transmission element, 4 pinion

7

gear rotatable on said erank, an internal
gear about the pinion with which the teeth
of the pinion mesh to provide a rolling con-
tact, a E:u' rigid with the pinion, and means
on the piston shafts in operative engage-
ment with said bar.

13. In a votary molor, a cusing, pistons
therein, concentric shafts for the pistons,
one of which is sleeved upon the other, a
power transmission element spaced from but
coneentric with the piston shafts, 2 ¢runk on
the power transmission element, a pinion
gear rotatable on said crank, an internal
gewr abont the pinion with which the teeth
of the pinion mesh to provide a rolling con-
tact, a bar rigid with the pinion, cranks on
the piston shafts in operative engagement
with said bar, and a floating bearing con-
necting one of the piston shafts and the
crank.

14. In a rotary motor, a casing, pistons
therein, concentric shafts for the pistons,
one . which is sleeved upon the other, a
power . ansmission element spaced from but
coneentric with the piston shafts, a crank
on the power transmission element, means
connecting the crank and the piston shafts
in cooperative relation, said means includ-
ing a rotatable bar carried by the crank,
cranks on the piston shafts having operative
cengagement with said bar, and inter-con-
necting means between one of the piston
shafts and a crank on the power transmis-
sion element. .

15. In a rotary four cycle combustion mo-
tor, a cylindrical easing, pairs of pistons
therein, rotating about a common axis hav-
ing relative movement to compress fuel
charges to combustible pressures, means for
igniting the compressed charges, a driven
shaft, and linkage connecting the pistons to
the driven shaft, one of the memibers of the
Binkage having plinetary movement about
the axis of the dviven shaft, the linkage be-
ing effective to cause uniform alternate ac-
celevating and retarding rotative movements
of complementary pisions of complemen-
tary pairs to insure balanced rotative move-
ment of the pistons.

16. In a rotary four evele combustion mo-
tor, o cylindrical casing, pairs of pistons
therein, rotating about a common axis hav-
ing relative movement to compress fuel
charges to combustible grossures. means for
igniting the compressed charges, a driven
shaft, and linkage connecting the pistons to
the driven shaft, one of the members of the
Iinkage having planetary movement about
the axis of the driven shaft, the linkage be-
ing effective to cause uniform alternate ac-
celerating and retarding rotative movement
of complementary pistons of complemen-
tary pairs to insure uniform application of
the expansive forces of the ignited charges
applied to complementary pistons to there-
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by rotate the driven shaft at uniform angu-
lar speed. ‘

17. In a rotary four cycle combustion
motor, a cylindrical casing, pairs of pistons
therein, rotating about a common axis hav-
ing relative movement to compress fuel
charges to combustilile pressures, means {or
igniting the compressed charges, a driven
shaft, and linkage connecling the pistons {o
the driven shaft, one of the members of ihe
linkage having planetary movement ahout
the axis of the driven shaft, the linkage be-
ing effective to eause uniform alternate ac-
ceﬁaratin and retarding rotutive movenenis
of comp%ementm-y pistons of complesien-
tary pairs to insure balanced rotative move-
ment of the pistons and uniform application
of the expansive force of the ignited charges
applied Lo complementary pistons to there-
by rotate the driven shuft at uniformn angu-

lar speed.

18. In a four cyele rotary combustion
motor, & cylindrical casing,-pairs of pistons
therein rotative about a common axis, the
pistons of one pair having relative move-
ment with respect to the pistons of their
complementary pair to compress fuel
charges to combustible pressures, means for
igniting the compressed charges, u driven
s%aft, and planetary linkage between the
respective pairs of pistons and the driven
shaft operating to cause uniform accelera-
tion and retardation of the complementary
pistons of complementary pairs, each piston
retarding at the same rate of speed as it
was previously accelerated to insure uni-
form application of the expansive force of

* the ignited charge applied to the com-
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plementary pistons to thereby rotate the
driven shaft at uniform angular speed.
19. In a four cycle rotary combustion
motor, a cylindrical casing, pairs of pistons
therein rotative about a common axis, the
pistons of one pair having relative move-
ment with respect to the pistons of their
complementary  pair  to compress fuel
charges to combustible pressures, means for
igniting the compressed charges, a driven
shaft, planetary linkage between the re-
spective pairs of pistons and the driven
shaft and operating to cause uniform ac-
celeration and retardation of the comple-

mentary pistons of complementary pairs,

each piston retarding at the same vate of
speed as it was previously accelerated to
insure uniform application of the expan-
sive force of the 1gnited charge applied to
thie complementary pistons to thereby rotate
the driven shaft at a uniform angular speed,
and a gearing associatedo\with the linkage

1,407,481

for rotating the part of the linkage con-
nected to the shaft about an orbit con-
centric with the axis about which the pistons
rotate.

20. Tn a four cycle rotary combustion
uotor, a cylindrical casing, puirs of pistons
therein rotating about a common axis, the
pistons ef-complementary pairs having rela-
tive motement to comnpress fuel charges to
combustible pressures, means for igniting
the compressed charges, a driven shaft con-
centrie  with the axis about which the
pistons rotate und having a crank, a gear
eccentrically mounted with respect to the
shaft and supported on the crank, a secénd
wear with whieh the first gear meshes, and
planetary linkage having connection with
the erank and with the pistons to cause uni-
form alternalive ugeéleration and retarda-
tion of the complementary pistons of com-
plementary pyits to insure uniform applica-
tion' of she-expansive force of the ignited
charge applied to thie complementary pis-
tons, each piston accelerating and retard-
ing at the same rate, the linkage between
the pistons and the crank being effective
to absorb the explosive shocks so that the
wears will be free of such shocks to serve
as directional gears for the crank on the
driven shaft and through the linkage cause
rotation of the pistons.

21. In a four cycle rotary combustion
niotor, a cylindrical casing, pairs of pistons
therein rotating about a common axis, the
pistons of complementary pairs having rela-
tive movement to compress fuel chiirges to
combustible pressures, means for igniting
the compressed charges, a driven shaft con-
centric with the axis about which the pistons
rotate and having a crank, a gear eccentri-
cully mounted with respect to the shaft and
supported on the crank, a second gear with
which the first genr meshes, and planetary
linkage having sliding connection with the
crank ol with the pistons to cause uniform
alternative acceleration and vetardation of
the complementary pistons of complemen-
tury pairs to insure uniform application of
the expanpsive force of the ignited charge ap-
plied to the complementary pistons, each pis-
ton accelerating and refarding at the same
rate, the Tinkage between the pistons and the
crank being offective to absorh the explosive
shocks so that the gears will be free of
such shoeks to serve as directional gears for
the erank on the driven shaft and through
the linkage caunse rotation of the piston.

Tn testimony whereof T affix my signa-

ture.
FRANK A. BULEINGTON.
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