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UNITED STATES

PaTENT OFFICE.

ELI A. STARK AND THOMAS WINSHIP, OF TOLEDO, OIII0, ASSIGNORS TO
THE TOLEDO STEAM AND AIR MOTOR COMPANY.

FLUID-PRESSURE ENGINE.

SPECIFICATION forming part of Letters Patent No. 679,487, dated July 30, 1901,
Application filed March 29, 1800, Serial No. 10,654, (No model.

To all whom vt may coneern:

Be it known that we, ELI A. STARK and
THOMAS WINSHIP, citizens of the United
States, residing at Toledo, in the county of
Lucas and State of Ohio, have invented cer-
tain new and useful Im plovements in Fluid-
Pressure Engines, of which the following is a
spemﬁeatlon

The object of our invention is the produc-
tion of a fluid-pressure engine which shall
be economical in the use of the motive fluid,
which shall admit of the use of the motive
fluid a second time, which shall use steam
quicklyand expanswely when so desired and
educt it and exhaust it rapidly so as to mini-
mize the loss from condensation, which will
not leak motive fluid, which shall have the
reciprocating parts aeeurdtely balanced, thus
adapting the engine for high speeds without
excessive wear or vibration, Wh1ch shall elimi-
nate as far as possible friction of all the mov-
able parts, and to that end dispense with the
use of connecting-rods moving through stuff-
ing-boxes, Whleh shall be simple in construc-
tlon compalatlvely cheap in first cost, and,
when necessary, easy to repair, and Wthh
finally, shall be compact, suiting it for use
within limited spaces or areas. To attain
this object or end, we have devised an engine
comprising, ﬁrs‘c, a cylinder, two pistons di-
viding the eylinderinto three chambers, a ro-
tary shaft projecting into the central part or
chamber of the eylinder or extending through
the same, two cranks, two pitmen, means for
periodically admitting motive fluid into the
central chamber, means for periodically educt-
ing motive fluid from the central chamber
into the end chambers back of the pistons,
and means whereby the motive fluid can
finally be discharged directly from the end
chambers; second, a eylinder, two pistons lo-
cated within the eylinder and dividing it into
three chambers, a rotary shaft projecting into
the central chamber and provided with two
cranks located approximately one hundred
and eighty degrees each from the other, two
pitmen uniting the pistons and cranks, means
for periodically admitting motive fluid to the
central chamber for the purpose of forcing the
pistons apart, means for periodically educt—
ing the motive fluid from the central cham-

ber to the end chambers and back of the pis-
tons, and means operated by the pistons for
exhansting the motive fluid from the end
chambers; third, a cylinder, two movable pis-
tons located within the ¢ylinder and dividing
it into three chambers, a shaft located in the
central chamber and adapted torotate, means
uniting the shaft and pistons which when the
pistons are moved will give a rotary motion
to the shaft, means operated by the shaft for
periodically admitting motive fluid to corre-
sponding sides of the pistons, means for pe-
riodically educting the motive fluid to the
other eorresponding sides of the pistons, and
means for exhausting the motive fluid to the
atmosphere; fourth, a eylinder, two pistons,
a rotary shaft extending into or through the
eylinder, two cranks, two pitmen, means
within the central chamber operated by the
shaft for periodically opening a port by which
motive fluid is admitted to the central cham-
ber, means for periodically educting motive
fluid from the central chamber to the end
chambers, and means for exhausting motive
fluid from the end chambers; fifth, a ecylinder,
two pistons, a rotary shaft within the central
chamber of the cylinder, two cranks, two
pitmen, a rotary disk valve operated by the
shaft and controlling the admission of motive
fluid to the central chamber, means for educt-
ing motive fluid from the central chamber
to the end chambers, and means for exhaust-
ing the motive fluid to the atmosphere;
sixth, a eylinder, two pistons, a rotary shaft
within the cylinder and having two cranks,
two pitmen, means for periodically admitting
motive fluid to the central chamber, a rotary
disk valve operated by the shaft for period-
ically opening a port and educting motive
fluid from the central chamber to the end
chambers, and means for exhausting motive
fluid from the end chambers; seventh, in
combination with other elements a rotary
valve controlling the motive-fluid-inlet port
and having palt of its body cut away or slot-
ted; eighth, in combination with other ele-
ments a rotary valve controlling an eduction-
port from the central chamber and having
part of its circumference cut away or slotted;

ninth, in combination with other elements a
valve operated by a rotary shaft and control-
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ling the inlet and eduction ports of the cen-
tral chamber; tenth; in combination with
other elements a rotary shaft within the cen-
tral chamber, means for periodically admit-
ting motive fluid to the central chamber and
using it expansively, and means for educting
motive fluid from the central chamber to the
end chambers; eleventh, in combination with
other elements a rotary disk valve control-
ling the inlet and eduction ports of the cen-
tral chamber, said valve being cut away or
slotted in the shape of an arc approximately
one-fourth or one-third of its eircumference
to admit motive fluid to the central chamber
and to educt it therefrom; twelfth, in combi-
nation with other elements valves secured to
the pistons and having bearings and mov-
able at the ends or in the cylinder-heads for
controlling the exhaustion of motive fluid
from the end chambers, and, finally, an engine
comprising and embracing certain novelties
of construction and combinations of arrange-
ments of parts, as hereinafter specified, and
pointed outin the claims.

The accompanying drawings illustrate one
example of the physical embodiment of our
invention and two modifications of specific
parts thereof constructed according to the
best of the several modes or ways which we
have so far devised for applying the prin-
ciple. )

Figure 1 is a horizontal sectional view of
the said example, showing the relative posi-
tions of the exhaust-valves, the rotary valve,
pitmen, and other elements as they appear
when the pistons are at the ends of their in-
strokes. Kig. 2 is a sectional view of Fig. 1,
taken in a plane on the line x x passing
through the central chamber and one of the
end chambers, but showing the piston in ele-
vation. Fig. 3 is a sectional view of Fig. 1,
taken in a perpendicular plane on line y ¥
passing through the central chamber, the side
castings, and the rotary valve. Fig. 41s a
view in elevation of one of the side castings,
showing the ports and the tortuous boss
against which the rotary valve fits. Fig.dis

a view in elevation of one of the side cast-

ings, showing the ports and a modified form
of the boss or bearing-surface for the rotary
valve. Fig. 6 is a view of a modified form
of means for uniting the eduction-passage in
the side casting and the eduction-passages to
the end chambers.

~ Referring to the views, the eylinder proper
is shown in this instance composed of five
inain parts or castings united by bolts.

The numeral 1 designates a central casting

of irregular shape.

tral longitudinal and eircular passage or bore
for the reception of a piston.

3 3’ are side castings.

4is a rotary shaft; 5, a bearing fortheshaft

and rotary valvelocated within alongitudinal:
passage made through one of the side cast-
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ings; 5', a bearing for the shaft in the oppo-
gite side casting.

6 6’ are crank-arms.

7 is a double-crank arm or coupling.

8 8 are crank-pins integral with or secured
to the ends of the arms 6 6’ and the opposite
ends of the double-erank arm or coupling.

9 9’ are pitmen.

10 10" are pistons to which the pitmen are
pivoted, as shown.

11 is the motive-fluid-inlet port to the cen-
tral chamber. :

12 is a motive-fluid-inlet passage made in
the casting 3, as shown; 13, the motive-fluid-
eduction port from the central chamber; 14,
a motive-fluid-eduction passage made in the
casting, as shown; 15, a rotary valve which
controls the inlet and eduetion ports.

16 designates a slot in the rotary valve.

17 is the sleeve or cylindrical part of the ro-
tary valve, which fits loosely over the shaft
and frictionally engages bearing 5, as illus-
trated.

18 is a packing-ring; 19, a collar and set-
SCrew. ,

19' represents pins secured in the sleeveand
loosely engaging the collar.

20 is a packing-ring; 21, a tortuous boss or
side bearing on the side casting.

22 22' are eduction - passages (shown in
dotted lines, Figs. 1 and 2) leading from the
central chamber by way of the eduction-port
13 to the chambers back of the pistons; 2323’,
the cylinder-heads secured to the ends of the
cylinder by bolts.

24 24' are circular holes through the eylin-
der-heads; 25 25', exhaunst-valves, each con-
sisting of a metallic tube secured at one end
to a piston in any desirable way, as shown at
the right in Fig. 2, and at the free end closely
fitting and movable within a circular hole
made in a eylinder-head. .

26 designates notches made in the free ends
of the tubes and substantially of the shape
illustrated.

27 97" are exhaust-motive-fluid-conducting
pipes. : '

In Fig. 5 we have shown a modified form of
boss 28 on the side casting for the bearing of
the rotary valve. Xach boss is of the shape
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illustrated, which insures an even wear of the -

rotary valve and a close fit at all times.

In Fig. 6 the eduction-passages from the
central chamber to the end chambers are not
made entirely within the body of the castings,
as in Fig. 8, but the eduction-passage 14 and
the eduction-passages 22 22" are united by a
pipe 29, which is located outside the central

| casting.
2 2’ are end castings, each made with a cen-

It will be observed that the two pistons di-
vide the interior of the cylinder proper into
a central chamber 30 and two end chambers
31 32, that the rotary shaft extends through
the central chamber, and that the pitmen and
cranks are located entirely within said cen-
tral echamber, and, further, that the length
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of the curved slot or opening 16 in the rotary
valve in this example is about one-fourth of
the entire circumference of a cirele passing
through the inlet and eduetion ports, though
it may be one-half of the circummference or less
under certain conditions. When the length
of the slot approximates one-fourth or one-
third of the cirenmference of the valve, more
or less, it is obvious that motive flaid will be
admitted to the central chamberand act upon
the pistons with full pressure only during a
fraction of their outward strokes and that
therefore when the inlet-port has been closed
the motive fluid will act expansively to com-
plete the outward strokes.

The length of the slot 16 in the rotary
valve should be in all cases such that the
eduction-port 18 will commence to open the
instant the pitmen have passed the dead-cen-
ters and the pistons have commenced their
instrokes and that the eduction-port will be
closed before or when the pistons approxi-
mately complete their instrokes. However,
the relation of the period of eduection to the
period of exhaustion by way of the valves 25
25" ig such that the slot 16 in the valve must
be less than half the circumference of the
disk.

The shape of the tortuous boss 21 on the
face of the side casting 3 has been devised to
insure a continuous bearing-surface, an even
wear of the valve and boss, and consequently
a close fit at all times, and to permit en-
trance of the steam by slot 16 to the back of
the valve, and thus balance it, as shown by
Fig. 2. Motive fiuid can pass back of the
valve four times during each revolution of
the valve. The set-serew in the collar allows
the adjustment of the sleeve about the shaft,
and the pins loosely engaging the collar per-
mit the sleeve to move longitudinally and
compensate for expansion.

The modus operandi of the engineis as fol-
lows: Theseveral movable partsbeing in the
positions shown in Figs. 1 and 2, which rep-
resent the pistons at the ends of their in-
strokes, a slight rotation of the shaft and
valve in the direction of the arrow carries
the pitmen beyond the dead - centers and
opens the inlet-port 11, (see Fig. 2,) which
remains open till the point 33 of the slot
passes beyond the port, which action shuts
off the admission of the motive fluid. Inas-
much as the slot is only one-fourth of theare
of a cirele the port 11 will be closed when the
pistons have traveled about one-half of the
outstrokes. During the period intervening
between the closing of the port 11 and the
opening of the eduction-port 13 by the slot 16
the pistons will be acted upon and their out-
ward strokes completed by the motive fluid
acting expansively. Asthe pistonsapproach
the ends of their outward strokes the valves
25 25’ close the exhaust-openings from the
end chambers, as is obvious. When the port
13 is opened, motive fluid from the eentral
chamber passes by way of the eduction-con-

3

duits to the now closed end chambers 31 32
back of the pistons, the eduction-port re-
maining open till the end 83 of the slot in the
rotary valve has passed the same, at which
time the pistons may have approximately
completed one-half their instrokes and also
have commenced to open the exhaust-valves
25 25'; but the length of the slot 16 will of
course in all cases determine the period of
eduction.

The paths traversed by the motive fluid
from the inlet-port 11 to the exhaust-fluid-
conducting pipes 27 27 are shown by arrows
in the figures.

The modes of operation which would ac-
company changes in the length of the slof in
the rotary valve would obviously be of a na-
ture substantially thesame as above set forth,
varying mainly in degree. '

IFrom the foregoing description of the con-
struction and mode of operation of the pic-
tured example it will be seen that we have
produced an engine adapted to be operated
by a motive fluid and which fulfils all the
conditions hereinbefore set forth as the ob-
ject or purpose of our invention.

As regards our method of using the motive
fluid a second time it has been proven by ac-
tual tests that the eduction of motive fluid
after it has acted upon corresponding ends of
the pistons to the other corresponding ends
is attended with characteristic and very de-
sirable results. Furthermore, when the mo-
tive fluid is used expansively in the central
chamber there is an increased economy in the
use of steam and a corresponding saving of
fuel.

‘While we have illustrated and described
only one example of the physical embodiment
of ourinvention and two modifications of spe-
cific details, we do not thereby intend to limit
its scope to this particular example or mode
of embodiment or to the modifications, inas-
muech as the principle can be applied in other
ways and by other modes notinvolving a sub-
stantial departure.

The general way of construeting the en-
gine and the provision of valve mechanism
which allows the eduction of the motive fluid
after its energy has been partially utilized,
either at full pressure or by acting expan-
sively on the opposite sides of the pistons to
corresponding opposite sides of the same pis-
tons and finally to the atmosphere, are among
the essential features of our invention. The
details of construction, however, to accom-
plish the desired mode of operation may of
course be varied and equivalents substituted
for the several elements illustrated. For ex-
ample, in lien of making the cylinder proper
of five main parts and uniting them by bolts
we may form the central and end castings in-
tegral or in any other way, the pistons may
be located in line instead of offset, eduction-
passages entirely separate from the cylinder
may be employed, removable or supplemen-
tal bearings may be provided for the exhaust
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valvesin the cylinder heads, the shape of the
rotary valve altered and its location changed,
the length of the slot in the valve increased
or diminished, the area of the bearing-sur-
face of the valve against the boss or bosses or
inner surface of the central casting diminish-
ed orincreased, and the exhaust-valves at the
ends of the cylinder re-formed or differently
arranged.

Such’and many other changes in construc-
tion, modifications, substitutions, and incor-
porations we intend to embrace within the
scope of the claims.

‘What we claim is—

1. An engine having a cylinder; two pis-
tons dividing the interior of the cylinder into
three chambers; a rotary shaft; means for
transforming the reciprocating motion of the
pistons to the rotary shaft; a valve-seat; an
inlet-port for the admission of motive fluid to
the central chamber; an eduction-port and
passages from the central chamber to the end
chambers; a valve frictionally engaging the
valve-seat and controlling the inlet and educ-
tion ports; and means forexhausting the mo-
tive fluid from the end chambers; whereby
the motive fluid can first be admitted to the
central chamber, then educted to the end
chambers, and finally exhausted.

2. An engine having a cylinder provided
with an inlet-port for the motive fluid; two
pistons dividing the interior of the cylinder
intothree chambers; a rotary shaftin the cen-
tral chamber; two pitmen; means uniting the
pitmen androtaryshaft;an eduction-portand
passages from the central chamber to the end
chambers; a valve-seatin which the inlet and
eduction ports are located; a rotary valve on
the rotary shaft, engaging the seat, and con-
trolling the inlet and eduetion ports; and
means for exhansting the motive fluid from
the end chambers.

3. An engine having a cylinder provided
with an inlet-port for the motive fluid; two
pistons dividing the interior of the cylinder
into threechambers; arotaryshaftin the cen-
tral chamber; two pitmen ; means uniting the
pitmen and rotary shaft; an eduction-port and
passages from the central chamber to the end
chambers; a valve-seat; a rotary valve lo-
cated in the central chamber, operated by
the shaft, engaging the valve-seat, and con-
trolling the inlet and eduction ports; and
means for exhausting motive fluid from the
end chambers.

4. An engine having a cylinder provided
with an inlet-port for the motive fluid; two
pistons dividing the interior of the cylinder
intothree chambers; arotary shaftin the cen-
tral chamber; two pitmen; means uniting the
pitmen and shaft; an eduction-port and pas-
sages from the central chamber to the end
chambers; a rotary valve adjustable on the
shaft and controlling the inlet and eduction
ports; and meansfor exhausting motive fluid
from the end chambers. ’
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5. The combination in an engine in which
the motive fluid is first admitted to a central
ehamber, then educted to two end chambers,
and finally exhausted to the atmosphere, of
a cylinder having inlet and eduction ports
and passages from the central chamber to the
end chambers; a rotary shaft in the central
chamber; a valve-seat; and a rotary valve
fitting the seat, operated by the shaft, and
confrolling theinlet and eduction ports; said
rotary valve being slotted or cut away to af-
ford a passage for motive fluid to and from
the central chamber.

6. The combination in an engine in which
the motive fluid is first admitted to a central
chamber, then educted to two end chambers,
and finally exhausted to the atmosphere, of
a eylinder having inlet and eduction ports
and passages from the central chamber to the
end chambers; a rotary shaft in the central
chamber; and a valve for controlling the inlet;
and eduction ports; said valve comprising a
disk portion bearing against a valve-seat and
acylindrical portion mounted on the shaft.

7. The combination in an engine in which
the motive fluid is first admitted to a central
chamber, then educted to two end echambers
and finally exhausted to the atmosphere, of
a cylinder having inlet and eduction ports
and passages from the central chamber to the
end chambers; a rotary shaft in the central
chamber; and a valve fitting a valve-seat and
controlling the inlet and eduction ports; said
valve being mounted upon the shaft and ad-
justable longitudinally upon and also about
the axis of the shaft.

8. An engine having a eylinder provided
with an inlet-port for the motive fluid; two
pistons dividing the interior of the cylinder
into three chambers; a rotary shaft; two pit-
men; means uniting the pitmen and shaft;
a valve controlling the inlet-port and which

admits motive fluid only during a part of the
period of the outward traverse of the two pis-

tons; an eduction-port and passages from the
central chamber to the end chambers; means
for periodically opening and closing the edue-
tion-port; and means for exhausting the mo-
tive fluid from the end chambers.

9. The combination in an engine in which
the motive fluid is first admitted to a central
chamber, then educted to two end chambers,
and finally exhausted to the atmosphere; of
a cylinder having inlet and eduction ports
and passages from the central chamber to the
end chambers; a rotary shaft in the central

chamber; and a valve for controlling the in-.

let and eduction ports; the said valve being
cut away or slotted in the shape of an are of
a circle for a distance less than half the cir-
cumference of the valve measured by a circle
described by a radius extending from the cen-
ter of the shaft to the inlet-port; whereby
motive fluid ean be used expansively in the
central chamber of the engine.

10. An engine having a cylinder provided
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with an inlet-port for the motive fluid; two
pistons dividing the interior of the cylinder
into three chambers; a rotary shaft in the
central chamber; means for transforming the
reciprocating motions of the pistons to the
rotary shaft; an eduction-port and passages
from the central chamber to the end cham-
bers; means for controlling the admission of
the motive fluid to and its eduction from the
central chamber consisting of a valve fitting
a valve-seat; and means operated by the pis-
tons for exhausting the motive fiuid from the
end chambers.

11. An engine having a cylinder provided
with an inlet-port for the motive flaid; two
pistons dividing the interior of the cylinder
into three chambers; a rotary shaft in the
central chamber; two pitmen; means uniting
the pitmen and rotary shaft; an eduction-
port and passages from the central chamber
to the end chambers; a valve-seat; a rotary
valve engaging the seat and operated by the
shaft; and valves operated by the pistons,
each valve having an open passage in a part
of its length for exhausting motive fluid from
the end chambers.

12. The combination in an engine having a
cylinder provided with an inlet-port for the
motive fluid, of two pistons dividing the in-
terior of the cylinder into three chambers; a
rotary shaft in the central chamber; two pit-
men; means uniting the pitmen and rotary
shaft; an eduction-port and passages from
the central chamber to the end chambers; a
valve-seat having a boss; and a valve oper-
ated by a rotary shaft and controlling the in-
let and eduoetion ports, said valve bearing
against the boss in which the inlet and educ-
tion ports are located.

13. An engine having a cylinder provided
with an inlet-port for the motive fluid; two
pistons dividing the interior of the eylinder
into three chambers; a rotary shaft in the
central chamber; two pitmen; means uniting
the pitmen and rotary shaft; an eduction- |
port and passages from the central chamber
to the end chambers; a side casting having
bosses in which the inlet and eduection ports
are located; and a rotary valve bearing
against the bosses.

14. An engine having a cylinder provided
with an inlet-port for the motive fluid; two
pistons dividing the interior of the eylinder
into three chambers; a rotary shaft in the
central chamber; two pitmen; means uniting
the pitmen and rotary shaft; an eduction-
port and passages from the central chamber
to the end chambers; and a valve operated
by a rotary shaft and controlling the inlet
and eduetion ports; said valve bearing against

5

a tortuous boss in which the inlet and educ
tion ports are located.

15. An engine having a cylinder provided
with inlet and eduction ports; a rotary shaft;
two pistons; two pitmen; means uniting the
pitmen and shaft; two passagesleading from
a central chamber to two end chambers;
means for controlling the admission of mo-
tive fiuid through the inlet-port; a valve lo-
cated within the central chamber which con-
trols the eduetion-port; and valves operated
by the pistons for exhausting the motive fluid
from the end chambers.

16. An engine having a cylinder provided
with an inlet-port for the motive fluid; two
pistons dividing the interior of the cylinder
into three chambers; a rotary shaft in the
central chamber; two pitmen; means uniting
the pitmen and rotary shaft; an eduction-
port and passages from the central chamber
to the end chambers; a casting in which the

inlet and eduction ports are located; a ro--

tary valve in contact with the inner surface
of the casting, said valve operated by the
shaft; and means carried by the pistons and
engaging bearings in the cylinder-heads for
exhausting motive flnid from the end cham-
bers.

17. The combination in an engine in which
the motive flnid is first admitted to a central
chamber, then educted to two end chambers
and finally exhausted to the atmosphere, of

two pistons; a rotary shaft; means uniting.

the pistons and shaft; means forintroducing
motivefluid to the central chamber and educt-
ing it to the end chambers by two passages;
and tubes secured to the pistons and notched
or slotted at the ends, said tubes reciprocat-
ing within bearings made in the cylinder-
heads.

18. The combination in an engine having
a cylinder provided with an inlet-port for the
motive fluid, of two pistons dividing the in-
terior of the ecylinder into three chambers; a
rotary shaft in the central chamber; means
for transmitting the reciprocating motion of
the pistons to the rotary shaft; an eduction-
port and passages from the central chamber
to the end chambers; a valve-seat within
which the inlet and eduction ports are lo-
cated; a disk valve frictionally engaging the
valve-seat and operated by the shaft; and
valves operated by the pistons for simulta-
neously exhausting motive fluid from the end

chambers.
ELI A. STARK.
THHOMAS WINSHIP.
Witnesses:
0. P. BowMAN,
CHAS. F. SEARLES.
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