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To all whom it may concern:

Be it known that I, PrrLip K. STERN, a
citizen of the United States, residing in the
city of New York, in the county and State of
New York, have invented certain new and
useful Improvements in Cam-Movement Ex-
plosive-Engines, of which the following is a
specification.

My invention in explosive-engines relates
to internal-combustion motors of the rapid
combustion or explosive type, and has partic-
ularreference to a meansfor converting there-
ciprocating movement of the power-im-
pressed kinematic member into a rotatory
movement of the driven member, and vice
versa.

The objects of my invention are, first, to
provide a more compact and simple means in
the conversion of motion for engines of this
character and those in vogue previous to my
invention of which I am at present aware,
and, second, to reduce the weight of motors of
this character in proportion to the amount of
horse-powercapacitythat thesameisdesigned
to develop and at the same time effect such
changes in the construction which will con-
dense the parts into a more compact form
than those employing the crank and con-
necting-rod principle in the conversion of the
motion of the reciprocating element.

In carrying out my invention I have se-
lected that type known as the “two-cycle
rear - compression’’ explosive - engine, to ap-
ply my principles, the different characteristic
features being clearly illustrated in the fig-
ure, the same being a vertical sectional view
taken through the center of the engine, so
that one-half of the same nearest the ob-
server is removed.

The different parts are identified by differ-
ent characters of reference; but the same
parts are designated by similar characters.

A constitutes the framework of the engine,
which I prefer to construct of cast-iron; B,
the fly-wheel or rotatory member; C, the
cylinder or reciprocating element, and D the
piston. It -will be observed that the piston

D is fixed to the framework by means of a
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head E, which is turned up true with the
body F of the piston and is shouldered into
a bored recess G and secured rigidly in posi-
tion by bolts H, while the cylinder Cis adapt-
ed to vibrate to and fro, so that a plane with-
in the cylinder indicated by the dotted line I
during an inward stroke of the cylinder C will
fall upon the end of the piston and upon an

outward stroke of the cylinder the head J of
the cylinder will move to the position of the
dotted line K. 1In order to restrain the cyl-
inder C against rotation, I provide two guide-
rods I, and 1/, bolted to the head E and se-
cured by a screw-thread to a ring M, which
pass through perforations m m’ in a trunked
piston-head O, which is formed integral with
the cylinder C, in a manner so as to form a
cross-head ‘sliding upon the guide-rods L L.
The ring M is in turn secured to the frame-
work against rotation by a series of bolts M’,
one of which in the drawing suffices to illus-
trate their arrangement, and is drawn up
against a shoulder formed in the framework,
as shown, upon tightening the bolts L. and
I/, To support the fly-wheel B so that it
will revolvé about the cylinder C without
undue Iriction between the adjacent sur-
faces of the hub b of the fly-wheel and the
outer perimeter of the cylinder, I provide
the usual babbitted bearing N, secured to the
framework in a customary manner by re-
cesses and bolts, as illustrated. i
In order to convert the motion of the vi-

brating cylinder C’ into a movement of rota- -

tion at the fly-wheel, I form a diagonally-cut
groove P upon the perimeter of the cylmder
C, so as to form a sort of track or channel
around the same obliquely to the axis there-
of, as indicated by the dotted lines, and I pre-
fer to form this groove at what is known in
mechanics as the “critical angle’” with the
axis of reciprocation, which is the diagonal of
a square contained between the two extreme
diametrically opposite points of the major axis
of the ellipse thus formed and the opposite
sides of the cylinder. The major axis of the
ellipse would then form the hypotenuse of a
right isosceles triangle with two sides of the
said angle, having its base along a line on the
periphery of the cylinder and parallel with
the axis of the same and the other side of the
said angle being a perpendicular dropped
from the origin of the angle at a diametric-
ally opposite point in the cylinder upon the
said base. The ellipse being in a diagonal
plane through a section of a cylinder when
opened out upon a plane surface would form
a figure what is known in geometery as a
“sinusoid.” This groove in mechanics is
known as a ‘“cam-groove,” and its impor-

tance when its function is considered in con-
nection with the fly-wheel B and the conical
roller p’ as the kinematic instrumentalities
to effect a mutual conversion of motion of
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the reciprocating element C and the rotating
member B will be manifest, as will be under-
stood by the hereinafter description relative
thereto.

Secured to the fly-wheel B is a radially-dis-
posed wrist-pin p and the conical roller or
follower p’ aforesaid, which is a truncated
cone, revolubly mounted on said wrist-pin p,
having the origin of its apex at a point with-
in the axis of rotation of the cylinder C and
vertically over the axis of the said wrist-pin.
The roller p’ is adapted to roll upon the edge
n and be just clear of the edge n/ of the
grooved ‘track P when the cylinder C is
moved outward or into the position of the
dotted line K, which would be the effect of
an internal pressure of the working fluid in
the combustion-chamber, acting between the
inner end wall or head J and the piston D,
when the roller p’ would be brought into con-
tact with the edge n of the track or groove P
In a manner so as to translate its movement
into one of rotation in the fly-wheel B, and
by the time the cylinder C has reached the
outward limit of its working stroke, so that
the cylinder-head J shall have coincided with
the dotted line K, the roller p’ will have been

_brought to the apex of the elliptical curved

track P, and, as shown in the drawing, the
cylinder C is approximately at the terminus
of its outward working stroke and will then
be on dead-center, and due to the inertia of
the fly-wheel B by the movement imparted
to the same by the outward stroke of the cyl-
inder C the roller 9’ will be carried past the
point of dead-center in the elliptically-
formed track or groove P on the opposite
side of the diameter of the cylinder C, and
the same will be returned to its original posi-
tion. Thus it will be seen that for a com-
plete revolution of the fly-wheel B a com-
plete reciprocation is given to the cylinder
C. That space of the cylinder contained be-
tween the piston D and the inner wall of the
cylinder-head J and the inner cylindrical sur-
face of the cylinder between these positions
constitutes at any instance the combustion-
chamber. If a belt be wrapped around the
periphery of the fly-wheel B and the latter be
driven by a source of continuous motion, it
would be noted that the cylinder C will have
what is known in mechanics as a “simple pe-
riodic movement,” in which case, however,
the contacting edges n» and n’ of the elliptical
track or groove will alternate during each
half-revolution with the diametrically oppo-
site points of the roller p’ at the instant of re-
versal of the reciprocating cylinder C—that
is to say, a change in the direction of motion
of the cylinder C during its reciprocation by
a constant rotatory member will change
the algebraic sign of motion of the coacting
surfaces between the walls or edges n n’ of
the elliptical cam-groove P and correspond-
ing points of contact upon the perimeter of
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the revolving follower p’, which would give
rise to hammering opposite faces of the fol-
lower and edges n n’ of the groove P, result-
ing finally in the break-down and destruction
of the kinematic translating instrumentali-
ties or parts thus coacting.

In order to maintain a constant pressure on
but one face n of the cam-groove P, the alge-
braic sign of the impressed power should be
changed during each half-revolution, and to
this end I have provided a means whereby
during one half-revolution the cylinder C 1s
moved outward by a positive force due to
the power fluid of the cylinder, and the re-
turn stroke of the same is actuated by a
negative force with respect to the cylinder C
or by the inertia of the rotating element or
fly-wheel B, thus satisfying the conditions
requisite for a continuity of contact between
the same edges or surfaces of the follower p’
and wall n of the cam-groove P, and in order
to carry out this principle I have adapted a
combustion-motor operating under what is
known as the ‘‘“two-cycle” principle in the
manner following: Asthe cylinder C is mov-
ing inward by the inertia of the fly-wheel B,
the latter being previously set into motion,
the aspirating-space Q, contained between
the ring M and truncated piston-head D, will
have its capacity increased sufliciently to al-
low the inhalation of the combustible mix-
ture from a suitable supply-tank or carbu-
reter to pass by way of the intake-pipe ¢ and
intake-valve ¢’ to the inhalation-space Q,
and upon an outward movement of the cylin-
der C the combustible mixture taken into the
inhalation-space Q will be compressd be-
tween the truncated piston O, which is made
tight by packing-rings, as shown, and the
annular abutment-ring M is likewise made
tight, seating the intake-valve ¢" and unseat-
ing the check-valve ¢”, allowing the mixture
under compression to pass by way of the fuel-
supply port or inlet-passage r and spring-re-
tracted inlet-valver’ to the combustion-cham-
ber. The said fuel-supply port or inlet-pas-
sage 7 passes through the water-jacket d and
is illustrated in the drawings as broken away
about midway of its length, showing the con-
tinuous annular water-jacket ¢, which is in-
terrupted for a portion of its circumference
by the fuel-supply port or inlet-passage r.
Upon the return stroke of the cylinder C the
mixture will be compressed by the decrease
in capacity of the cylinder C due to the pis-
ton D, and the inlet-valve " will be firmly
seated, and upon the compression of the mix-
ture to an extent commensurate with the ca-
pacity of the clearance-space contained be-
tween the dotted line I and inlet-valve 7’ the
same will be ignited in the usual manner by
means of the ignition-plug R and the usual
concomitant mechanism, and the éngine will
receive its first working stroke. At about
the extremity of the outward working stroke
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of the cylinder C the exhaust-valve R’ will be
reciprocated, opening during a period occu-
pied by the movement of the rotatory mem-
ber B or fly-wheel and closed by a retracting-
spring, the said opening being effected by
means of the cam R’’, tappet-bar, and roller
R, and tappet S, so as to admit the prod-
ucts of combustion into the interior T of the
piston, and finally out of the lateral exhaust-
opening T". :

" In order to prevent undue heating of the
cylinder, I provide a water-jacket d, annu-
larly formed, as aforesaid, and having ports
S’ and having a sliding connection for a
length coincident with the stroke of the cyl-
inder with a stationary water port or duct ¢
and a water-inlet-pipe connection #, made
integral with the casting B, which is adapted
to convey the water for cooling the cylinder
C through a port s’ or water-jacket d and
thence to a diametrically oppositely situated
corresponding outlet-duct, ports, and pas-
sage-ways and outlet connection #”/. By this
manner of cooling I am enabled.to cool both
the piston and the cylinder from a fixed
point at the rear of the motor. During the
rearward movement of the truncated piston-
head O the volume of air contained within
the space L is permitted to escape through
the openings U and V, thereby relieving the
dead stroke of the cylinder C of undue work.

In order to provide for effective lubrication
of the different wearing -parts, I have pro-
vided lubricating channels or ducts, asshown.

Having fully described the nature of my
invention, whereby those who are skilled in
the art to which the same appertains could
construct and operate the same, I claim as
new and desire to secure by Letters Patent of
the United States—

1. In a reciprocating explosive - engine,
wherein the motion of the reciprocating ele-
ment actuated by an energized power me-
dium, is adapted to be translated into a ro-
tary motion at its fly-wheel, a kinematic con-
nection between the fly-wheel and the recip-
rocating element located within the hub of
the fly-wheel, for converting the motion of the
reciprocating element into a relatively con-
stant rotatory motion of the fly-wheel and
conversely for transforming a constant rota-
tory motion of the fly-wheel into a periodic
reciprocating motion of the reciprocating ele-
ment, together with suitable valve mechan-
ism for controlling the working fluid for said
engine, actuated by said fly-wheel, substan-
tially as described. -

2. In_ a reciprocating explosive - engine,
wherein the motion of the reciprocating ele-
ment actuated by an energized power me-
dium is adapted to be translated into a ro-
tary motion at its fly-wheel, a kinematic con-
nection between the fly-wheel and the recip-
rocating element located within the hub of
the fly-wheel, for converting the motion of

the reciprocating element into a relatively

constant rotatory motion of the fly-wheel

and conversely for transforming a constant
rotatory motion of the fly-wheel into a perl-
odic reciprocating motion of the reciprocat-
ing element, a circulating fluid between said
reciprocating element and said fly-wheel, and
a valve for controlling the working fluid for
said engine, together with means coacting
between said fly-wheel and said valve for ac-
tuating the latter upon the rotation of the
said fly-wheel substantially as described.

3. In an explosive-engine having arecipro-
cating power element actuated by an ener-
gized power medium and a rotatory member
therefor, a kinematic connection betieen the
reciprocating power element and the rota-
tory member located at a point radiating
from the axis of rotation of the rotatory mem-
ber, for translating the motion of the recipro-
cating power element into a relatively con-
stant rotatory motion of the rotatory mem-
ber and conversely for transforming a con-
stant rotatory motion of the rotatory mem-
ber.into a periodic reciprocating motion of
the reciprocating power element, a circulat-
ing fluid between the said reciprocating
power element and said rotatory meniber,
and a reciprocating valve for controlling the
working fluid for the said engine, together
with means coacting between said rotatory
member and said valve for actuating the lat-
ter upon the rotation of the said rotatory
member; substantially as described.

4. In an explosive-engine having a recipro-
cating power element actuated by an explo-
sive mixture and a rotatory member therefor
adapted to revolve about said reciprocating
power element, a kinematic connection be-
tween the reciprocating power element and
the rotatory member located at a point radi-
ating from the axis of rotation of the rota-
tory member, for translating the motion of
the reciprocating power element into a rela-
tively constant rotatory motion of the rota-
tory member and conversely for transform-
ing a constant rotatory motion of the rota-
tory member into a periodic reciprocating
motion of the reciprocating power element, a
circulating fluid between said reciprocating
power element and said rotatory member, a
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reciprocating valve for controlling the work- .

ing fluid for said engine, together with means
coacting between said rotatory member and
said valve for actuating the latter upon the
rotation of the said rotatory member and
means for igniting said explosive mixture.

5. In an explosive - engine comprising a
combustion-chamber having a reciprocating
power element actuated by an explosive mix-
ture confined in said combustion-chamber
and a rotatory member adapted to revolve
about said reciprocating power element, a
kinematic connection between the recipro-
cating power element and the rotatory mem-
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ber located at a point radiating from the axis
of rotation of the rotatory member and exte-
rior to said cylinder, for translating the mo-
tion of the reciprocating power element into
a relatively constant rotatory motion of the
rotatory member and conversely for trans-
forming a constant rotatory motion of the
rotatory member into a periodic motion of
the reciprocating power element, a circulat-
ing fluid between said reciprocating power
element and said rotatory member, a recip-
rocating valve for controlling the working

fluid for said engine, together with means co-

acting between said rotatory member and

-said valve for actuating the latter upon the

rotation of the said rotatory member and
means located within the cylinder for ignit-
ing said explosive mixture.

6. In an explosive - engine, comprising a
combustion-chamber having'a reciprocating
power element actuated by an explosive mix-
ture confined in said combustion-chamber
and a rotatory member adapted to revolve
about said reciprocating power element, a
kinematic connection between the recipro-
cating power element and the rotatory mem-

ber located in an arc radiating from the axis
~of rotation of the rotatory member and con-

centric with the exterior of said cylinder, for
translating the motion of the reciprocating
power element into a relatively constant ro-
tatory motion of the rotatory member and
conversely for transforming a constant rota-
tory motion of the rotatory member into a
periodic reciprocating motion of the recipro-
cating power element, a circulating fluid be-
tween said reciprocating power element and
said rotatory member, a reciprocating valve
for controlling the working fluid for said en-
gine, together with means coacting between
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‘said rotatory member and said valve for ac-

tuating the latter upon the rotation of the
said rotatory member and means located
within the cylinder for igniting the explosive
mixture. :

7. In an explosive - engine comprising a
combustion-chamber having a reciprocating
power element actuated by an explosive mix-
ture confined within said chamber and arota-
tory member adapted to revolve about said

reciprocating power element, said reciprocat-.

ing power element adapted to vibrate along
an axial line coineident with the axis of rota-
tion of the rotatory member, a kinematic con-
nection between the reciprocating power ele-
ment and the rotatory member, for translat-
ing the motion of the reciprocating power ele-
ment into a relatively constant rotatory mo-
tion of the rotatory member and conversely

for transforming a constant rotatory motion

of the rotatory member into a periodic recip-
rocating motion of the reciprocating power
element, a circulating fluid, and inlet and out-
let pipe connections therefor, located be-
tween said reciprocating power element and
sald rotatory member, inlet and exhaust
valves for controlling the working fluid for
sald engine, together with means coacting
between said rotatory member and said ex-
haust-valve for actuating the latter upon the
rotation of the said rotatory member and
means for igniting said explosive mixture.

In testimony whereof I have signed my
name to this specification in the presence of
two subscribing witnesses.

PHILIP K. STERN.

Witnesses:
H. M. MAHER,
WirLiam Paxron.
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