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7o allwhom it may concern:

Be it known that I, Warter S. WraTIHER-
WAX, a citizen of the United States, resid-
ing at Los Angeles, in the county of Los

5 Angeles, State of California, have invented
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new and useful Improvements in Internal-
Combustion Engines, of which the follow-
ing is a specification.

This invention relates particularly to
double acting internal combustion engines;
and this application is in the nature of a
continuation in part of my application Se-
rial No. 833,524, filed April 21st, 1914.

The invention to be hereinafter specifi-
cally described includes certain features de-

signed particularly for efficiency and sim-
plicity in a double acting engine. Among
these features I may mention particularly
the combination of valves and. the piston
and sleeve construction, as hereinafter par-
ticularly pointed out. There are various
other features which will appear in the fol-
lowing specification, reference being had to
the accompanying drawings, in which, for
the purpose of this specification, I have illus-
trated a preferred form of my inventien,
and in which drawings—.

Figure 1 is a vertical longitudinal section
of my improved engine, Fig. 2 is a partial
plan section of the same, and Fig. 3 is a
detail cross section taken as indicated by
line 3—3 on Fig. 1.

In the drawings the numeral 10 designates
a suitable case or base of any suitable de—
sign, being preferably formed as shown in
the drawings with an oil reservoir 11 in its
lower part, and having a suitable cover plate
12 so that the inferior mechanism may. be
easily reached for imspection and adjust-
ment: A erank shaft 13 is mounted in suit-
able bearings 14 and may be designed for as
many cylinders as desired. In a typical
form of my engine, I may use a plurality of
opposed units, each unit comprising a dou-
ble acting' cylmdel controlled by a valve ar-
rangement hereinafter described. For in-
stance, in the drawing I have shown two
units A and B on opposite sides of the crank
shaft 13. These units are duplicates of each
other; and the following description is
given of one unit. A sultable cylinder 20 is
mounted at 21 upon the base 10, this cylin-
der havmg heads 22 one at each end with
provision at 23 for a spark plug; so_ that
there is formed at each end of the cylinder
a combustion chamber in which explosive

mixture may be admitted and in which it

may be ignited at its highest point of com-
pression to expand and act upon a piston 24
reclplocatmg within the cylinder. The pis-

ton 24 is preferably mounted directly in a.

sleeve 25 which forms a lining for the cyl-
inder, sleeve 25 extending from end to end
of the cylinder and extending into annular
spaces 26 between the heads 22 and the in-
terior wall of the eylinder 20. This sleeve

60
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25 is provided with inlet ports 27 and with .

exhaust ports 28, as shown in the various
views. The inlet ports 27 are adapted to
register with eylinder inlet ports 29 and the
exhaust ports 28 are adapted to register
with cylinder exhaust ports 80. The sleeve
valve 25 is moved longitudinally in a re-
ciprocatory movement; and, preferably, for
the purposes heremafter stated, is moved
through a stroke somewhat less than the
stroke of the piston 24. The sleeve has op-
posite longitudinal slots 35 and the cylinder

has slots 36; and a trunnion 87 of piston 24 .

extends transversely outwardly through the
slots and is connected at its outer ends with
connecting rods 37 which connect with the
crank shaft 13, to cranks 13* thereof. The
stroke given the piston 24 is such as to leave
a combustion chamber at each end of the
cylinder of proper size. It will be under-
stood that the combustible mixture is sup-
plied to the parts 29 under pressure prop-
erly mixed, being supplied to these ports
through the passage 29* from any suitable
souree.

The sleeve valve 25 is connected by rod
40 with a yoke 41 which engages a crank

70
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42 on the crank shaft 13, said yoke being .

mounted upon the valve rod 43 above and
being capable of a reciprocatory movement.
The crank pin 42 is arranged at about
thirty five degrees advance ahead of the cor-
responding crank pin 13* Thus, the crank
42 for the sleeve valve of the unit B as
shown in Fig. 1, is arranged at about a

-thirty five degree advance ahead of the up-.

permost crank 13* in this figure, which is
the erank connected to piston 24 of the unit
B. The throw of the crank 42 is consider-

ably less than the throw of crank 18%; so

that the travel of the sleeve valve 25 is con-
siderably less than the travel of the piston
24. Consequently, the length of the slot 35
in sleeve 25 need only be long enough to ac-
commodate the movement of the piston 37
relative to the sleeve; and this movement is
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-the sleeve-valve.
‘trolled partly by the sleeve valve and by a

comparatively short, owing to that fact that

the sleeve travels back and forth substan-
tially with the piston.
sufficiently long to cover the slot 85 at all
times. The sleeve itself covers the slots 36
in the cylinders. It will be seen that this
construction has a distinet advantage over
a similar construction in which the piston is
placed directly in the cylinder without the
interposition of the sleeve valve 25. In such
a case, the piston must necessarily be made
sufficiently long to cover the slot 36 at all
times; this would necessitate an excessively
long cylinder making the whole engine ex-
cessively long; and this is a difficulty to be
particularly guarded against.

* The inlet of explosive mixture under pres-
sure is controlled exclusively by the ports in
But the exhaust is con-

rotary valve 50. The sleeve exhaust ports
28 are adapted to register with the cylinder
exhaust ports 30 and these cylinder exhaust
ports lead directly into a valve casing 51 in
which the valve 50 is located. The valve 50
has a common exhaust passage or chamber
52 with ports 53 one -at each end, said ports

being adapted to register with the cylinder

exhaust ports 30. Rotation of the valve 50
is accomplished by the mechanism now de-
scribed. -A valve rod or stem 43 extends out
of the casing, as is shown in Fig. 1, and the
reciprocating yoke 41 is slidably mounted
directly upon this valve stem. The valve
stem has two pins 55 adapted to be engaged

by the adjustable inclined places 56 mounted.

upon the yoke 41; the inclined-places being
arranged in such manner that the valve stem
43 will be rotated alternately in opposite

. directions as the yoke 41 reaches points near

the opposite ends of its stroke. Thus, as
shown in Fig. 1, the right hand inclined
plane 56 is just about to engage the right
hapnd pin 55 to move the pin and to rotate
the valve stem 43 in the direction indicated
by the arrow near that pin 55; and this ro-
tation of valve stem 43 will rotate valve 50

so as to bring left hand port 53 into register -
“with left hand cylinder. exhaust port 30.

This takes place near the end of the move-

ament of yoke 41 to the right in Fig. 1 and

when the piston 24 is at about four fifths
stroke toward the right in Fig. 1. On move-
ment in the opposite direction, the left hand
inclined plane 56 will engage the left hand
pin 55 to move the pin and the valve stem
43 in the direction indicated and this will
throw the valve 52 back to the position in
which it is shown in Figs. 1 and 3, with the
right hand port 53 in register with the right
hand cylinder exhaust port 30 and with the
left hand.port 53 out of register with cylin-
der exhaust-port 30. It will be noted that

_ the movement of the valve 50 takes place

near the end of the piston stroke and ap-

The piston is made

1,201,401

proximately at the end of the stroke of yoke
41 and of the stroke of the sleeve valve 25,

The operation is as follows: Supposing
the crank shaft to be rotating in the direc-
tion indicated, then the piston of the left
hand unit B, for instance, will be moving in
the direction indicated, to the right in Fig.
1. A charge has been introduced and ignited
and is expanding at the left of the piston
and is driving the piston to the right. The
exhaust port at the right hand end is open,
exhausting the products of a previous com-
bustion on that side of the piston.. As the
piston nears the end of its stroke to the
right, the sleeve valve 25, also moving to the
right, cuts off registry between ports 28 and
30 at the right hand end and stops further
exhaust; and just as the exhaust is cut off,
the right hand inlet port 27 registers with
the inlet port 29 and allows a fresh mixture
under pressure to be forced into the com-
bustion space to the right of the piston.
This mixture is ignited and expands, driving
the piston back toward the left. “It will be
understood that the inlet closes just before
the piston reaches the end of its stroke, in
order to allow ignition and explosion at the
point of highest compression. The sleeve
valve 25 has already begun to move toward
the left and the exhaust port 28, on the
right, will have again registered with the ex-
haust port 30 before the piston 24 reaches
the left hand end of its movement; but the
right hand rotary valve port 58 is out of
register with the port 30, having been moved
out of register with that port as the piston
reached the right hand end of its movement.
The piston moves on toward the left under
pressure of the expanding gases; and as it
approaches the end of its stroke in this di-
rection; the valve 52 is turned so as to regis-
ter the right hand exhaust port 58 with the
cylinder port 80 allowing the exhaust gases
to escape into and through the chamber or
passage 52. At this time, the left hand ex-
haust port 53 is out of registery with the left
hand port 50, so that the exhaust gases from
the right hand end of the cylinder cannot
enter the left hand end of the cylinder, On
the return of the piston 24 to the right, the
exhaust is open during practically the entire
return stroke, allowing the exhaust to be ex-
pelled; and, then, at the end of the stroke,
the exhaust is closed as hereinbefore stated,
and the inlet is opened. The operation of
the other end of the cylinder is exactly the
same as described, the two ends operating

alternately, so that every stroke of the pis-

ton back and forth is a power stroke. It
will be noted that the inlet is entirely con-
trolled .by ‘the sleeve valve whereas the ex-
‘haust is controlled jointly by the sleeve valve

and the rotary valve 50. The exhaust is.

opened by the final action of the rotary valve
50; but the exhaust is closed by the action
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of the sleeve or of the sleeve and the rotary

valve 50 combined, the sleeve ports closing .

just before or simultaneously with the clos-
ing of the ports of the rotary valve. -
~ Having described a preferred form of my
invention, I claim: o

1. In a double acting engine, a cylinder
having a head at each end and-a combustion
chamber in each end of the cylinder, a single
piston in the cylinder adapted to codperate
with the two combustion chambers at the
opposite ends of the cylinder, there being in-
let and exhaust ports for the combustion
chambers at the opposite ends of the cylin-
der, a single sleeve valve concentric with the

~cylinder having ports coGperating with the

:said inlet and exhaust ports to control ad-
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‘mission and exhaust of fluid thereto, a sin-

gle rotary valve having ports codperating
with said exhaust ports to lead exhaust from
both said ports to a common exhaust cham-
ber, and means for coSperatively moving the
sleeve valve and rotary valve with the piston.

2. In a double acting engine, a cylinder
having a head and a combustion chamber at
each end and having inlet and exhaust ports
for each combustion chamber, a single sleeve
valve fitting within the cylinder extending
from end to end therein and having ports co-
operating with said inlet and exhaust ports
for each combustion chamber, a single pis-

‘ton in the cylinder within the sleeve valve

adapted to coSperate with the opposite com-
bustion chambers, a rotary -valve having
ports leading to a common chamber, said
ports codperating with said cylinder exhaust
ports, and means to move said rotary and
sleeve valves coGperatively with the piston.

3. In a double acting engine, a cylinder
having a head at each end and a combustion
chamber in each end of the cylinder, a sin-

. gle piston in the cylinder adapted to codp-
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65 ports for each combustion chamber, a single

erate with the two combustion chambers at
the opposite ends of the cylinder, there be-
ing inlet and exhaust ports for the combus-
tion chambers at the opposite ends of the
cylinder, a single sleeve valve concentric
with the cylinder having ports coSperating
with the said inlet and exhaust ports to con-
trol admission and exhaust of fluid thereto,
there being a slot through the cylinder wall
commensurate in length with the piston
stroke and a slot through the sleeve shorter
than the cylinder slot, a transverse piston
trunnion extending outwardly through both
slots, and means to move sald sleeve valve
cooperatively with the piston. .

4. In a double acting engine, a cylinder
having a head and a combustion chamber at
each end, and having inlet and exhaust ports
for each combustion chamber, a single sleeve
valve fitting within the cylinder extending
from end to end therein and having ports
codperating with said inlet and exhaust

piston in the cylinder within the sleeve valve
adapted to cooperate with the opposite com-
bustion chambers, there being a slot through
the cylinder wall commensurate in length
‘with the piston stroke and a slot through the

- sleeve shorter thaa the cylinder slot, a trans-

verse piston trunnion- extending outwardly
through both slots, and means to move said
sleeve valve codperatively with the piston.

5. In a double acting engine, a cylinder
having heads and combustion chambers at
opposite ends, a sleeve fitting. within the eyl-
inder, a piston in the sleeve adapted to co-

operate with the opposite combustion chau- -

bers, there being a slot through the cylinder
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wall commensurate in length with the piston -

stroke and a slot through the sleeve shorter
than the cylinder slot, a transverse piston
trunnion extending outwardly through both
slots, and means to move the sleeve codpera-
tively with the piston through a longitudi-
'nal stroke shorter than the piston stroke.

6. In a double acting engine, a cylinder'

having heads and combustion chambers. at
opposite ends and having inlet and exhaust
ports to register with said cylinder ports by
longitudinal movement of the sleeve, a single
piston within said sleeve adapted to codp-
erate with the opposite combustion chambers,

- there being a longitudinally extending slot

in the cylinder wall commensurate in length
with the piston stroke and a shorter longi-
tudinal slot through the sleeve, a transverse
piston trunnion extending outwardly through
said slots, and means to move said sleeve co-
operatively with the piston through a stroke
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shorter than the piston stroke, said sleeve.

moving back and forth substantially with
the piston and the piston being of such
length as to always cover the sleeve slot.

7. In a double acting engine, a cylinder
having a head at each end and a combustion
chamber in each end of the cylinder, a sin-
gle piston in the cylinder adapted to codp-
erate with the two combustion chambers at
the opposite ends of the cylinder, there be-
ing inlet and exhaust ports for the combus-
tion chambers at the opposite ends of the
cylinder, a single sleeve valve concentric
with the cylinder having ports coGperating
with the said inlet and exhaust ports to con-
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trol admission and exhaust of fluid thereto,

a single rotary valve having ports codperat-
ing with said exhaust ports to lead exhaust
from both said ports to a common exhaust

chamber, and means for codperatively mov-.

ing the sleeve valve and rotary valve with
the piston, the movements of the valves be-

“ing such that the sleeve valve controls the

closing of the exhaust and the rotary valve
controls the opening of the exhaust.
‘8. In a double acting engine, a cylinder

‘having a head and a combustion chamber at

each end and having inlet and exhaust ports
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for each combustion chamber, a single sleeve 130
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valve fitting within the cylinder extending
from end to end therein and having ports
codperating with said inlet and exhaust ports
for each combustion chamber, a single pis-
ton in the cylinder within the sleeve valve
adapted to codperate with the opposite com-

-bustion chambers, a rotary valve having

ports leading to a common chamber, said
ports codperating with said cylinder exhaust
‘ports, and means to move said rotary and

-sleeve valves coOperatively with the piston,

the movements of the valves being such that
the sleeve valve controls the closing of the
exhaust and the rotary valve controls the
opening of the exhaust. )

9. In combination, a cylinder and sleeve
concentric with and codperating with the
cylinder, a piston in the cylinder and sleeve,

1,201,401

“there being a slot through the cylinder wall

commensurate in length with the piston
stroke, and a slot through the sleeve shorter
than the cylinder slot, a transverse piston
trunnion extending outwardly through both
slots, and means to move the sleeve codpera-
tively with the piston through a longitudi-
nal stroke so that the movement of the sleeve
relative to the piston is less than the move-
ment of the piston relative to.the eylinder.

In witness that I claim the foregoing I
have hereunto subsecribed my name this 15th
day of June, 1915. ’

W.S. WEATHERWAX.

Witnesses:
James T. BARKELEW,
Erwoop H. BArRgELEW.
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