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ZCIFICATION forming part of Lietters Patent No, 388,302, dated August 21, 1888.

(No model.) Patented in England December 12, 1887, No. 17,103;

in Belginm January 18, 1888, No. 80,307, and in Italy February 29, 1888, No. 22,886.

To all whom it may concern:

Beit knownthat I, NICOLAUS AUGUST OTTO,
a citizen of Pruassia, residing at Cologne, Prus-
sia, in the Empire of Germany, have invented
new and useful Improvements in Motor-En-
ogines Worked by Combustible Gas, Vapor, or
Spray, (for which I have obtained a patentin
Belgium January 18,1888, No. 80,307; in Italy
February 29, 1838, No. _J_J,Sbb and have made
application for patent in Great Britain De-
cember 12, 1837, No. 17,103,) of which the fol-
lowing 1s a specification.

This invention relates to motor-engines
worked by combustible gas, vapor, or spray,
which operate with a ¢ycle of four strokes—
namely, a charging, a compression, a work-
ing, and an expelling stroke—such as engines
Insuch engines the slide
that eifects the ignition of the compressed
charge and the valve that allows the products
of combustion to escape after the working-
stroke have heretofore been worked by means
of a counter-shaft driven at half the speed of
the crank-shaft, in order that they may only
operate, Iespectwd} at the end of every alter-
nate. instroke and at the end of every alternate
outstroke. According to the present inven-
tion the said counter-shaft isentirely dispensed
with and the said 1gniting-slide and escape-
valve are worked dircetly from the erank-
shaft, the 1gniting-slide being driven by an
eccentric on the cranl-shaft, so as to make a
to-and-fro stroke at each revolution, while the
escape-valve 1s worked by a cam on the crank-
shatt so arranged as to be auntomatically slid
to one side thereon at every other revolution,
and thus only to effect the opening of the es~
cape - valve once in every two revolutions.
The arrangements which are employed for
bhis purpose,and which are applicable as well
for horizontal as for vertical engines,are shown
on the accompany drawings, in which Iigures
1 to 9show theinvention applied toa horizon-
tal engine, and IFigs. 10 to 12 show 1t applied
to a vertical engine.

Fig. 1 shows a longitudinal section of the
engine. Ig. 2 shows a side view. Kig. 3
shows a sectional plan; Iig. 4, a sectional
view of the shitting cam for the escape-valve;
Kig. b, a cross-section through the cylinder
:—md admission-valve chamber; Ifig. 6, a plan

of the igniting-slide and section of the gas- | well- known manner.

| valve; Ifig. 7, a side view of the shifting cam
and its lever., Ifig. 8 shows a diagram of the
action; I'ig. 9, enlarged details of the shift-
ing cam; Iig. 10, a side elevation of a verti-
cal enﬂme embodymﬂ the invention; Fig. 11,
an elevatmn of Fig. 10, partly in sectlon b0
show the 10*111131110-&11(16; and Fig. 12, a trans-
verse sectional view of Fig. 10. |

. A 18 the crank-shaft, B the piston and pis-
ton-rod, and C the cylinder. ~

At the suction-stroke the piston draws a
charge of mixed gas and air throngh the ad-
mission-valve, the: alr being drawn in through
the pipe ¢, while the gas enters through the
gas-regulating valve d.

The seat of the admission-valve p is formed
in one piece with the gland or cover, through
which the valve-stem passes, and in Wlneh are
formed two passages, the lower one for the
admission of the air, which enters thence

and the upper annular one for the gas, whlch
passes thencethrough narrow conver '311]“‘ chan-
nels to the seat of the valve, so that when this
valve 18 open the gasimpinges in a number of
small converging Jets upon the air passing in
from the central passage, and thus the two be-
come effectually mixed.

The upper end of the bushing, forming the
valve seating and cover, 18 coned to fitaccurate-
ly againsta coned shoulderin the recess formed
in the cylinder, against which it is tightly

cover, thus making an air-tig l_}tJOllltvaDWGell
the two,
The 1gniting-slide 6 carries the pendulum

the engine, citheropens the gas-valve or leaves
it closed 1n the well - known manner. The
gas-valve might also be so arranged as to be al-
ways open for admitting gas at the normal
speed of the engine,while the pendulum regu-
lator 18 so arranged as to elose the valve when
the normal speed is exceeded. The igniting-
| valve & eltects the ignition of the (ngmdel—

the cr‘mh shaft. T'heignition may be effected
either by an externally- heated tube, as shown
ab IFigs. 3, 5, and 6, or an igniting slide or valve
may be used, which carries an igniting-flame
In a cavity fed by the cylinder elmwe in the

Ifrom the Qbove de-

through the central opening of the valve-seat,

pressed by the screws » r,passing through the

regulator ¢, which, according to the speed of

charge and 1s worked by an ecccentrie, ¢, on -
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scribed arrangement it w111 be seen that the |

slide & will Stand at the firing position at the
end of each instroke of the piston. At the

one instroke 1t will consequently fire the com-
pressed charge 1n tne usual way; but at the
second instroke of the piston the combustion-

gases will have just been expelled, and there
will be no combustible charge in the cylinder,

and consequently the fact l;hat the slide stands
again at the firing position will have no effect
on the engine. - The discha rge-valve ¢ requires
to be Opwed at the end of each working out-
stroke and to be kept open during the expel-
ling instroke. 'This 1s effected b.} means of
the lever- -transimission f ¢ h, actuated by a
cam, », on a sleeve, ¢, on the crank-shaft.

In order to prevent the valve from being

opened durin o the compressinginstroke of the

- piston, the sleeve ¢, with its cam =, is during
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such strokeslid laterally upon the shaft,so that
the cam 7 1n revolving misses the roller & of
the lever f. For effecting this motion the

sleeve has a double groove, m m’, returning in

itself formed upon it, into which gears a stud,
!, pivoted upon a bracket on bhe engine-frame,
as shown. The grooves m m’ are formed par-

-~ allel with each other for about three-fourths
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of the circumference of the sleeve, and are at
a distance apart cor respondmg to the width
of the cam. They are led into each other at

the other part of the circumference, so as to
cross, as shown at Fig. 8. The stud A bemg

pointed at both ends, will on the rotation of
the sleeve first pass from the groovem into m/,
and then at the second revolution back from
m’ into m, and In so doing
sleeve eto be shifted upon the shaft in one di-
rection during one revolution and back again
during the next one, so that during the one
revolution corresponding to the expelling in-
stroke the sleeve will be in the position for
the cam to act upon the lever f and open the
diseharge-valve, while during the next revolu-
tion corresponding to the compressing in-
stroke the cam will be shifted away from the
lever. The lifting of the valve-lever takes
place during that part of the revolution when
thegleeve 1s not being shifted, this having the
advantage thatthe shifting is effected without
there being any pressure on the sleeve, and
thus the wear of the sliding surfaces is pre-

vented.

The cam 7 18 pﬂowded with a second acting
surface, n', having a less dwell than the main
one, and the roller k is arranged to be slid on
its pin by means of a stud, o0, so that it may
either be in the position shown at Fig. 9 for

ordinary working, when on the sleeve ¢ being

shifted to the left both cam-surfaces will be
clear.of theroller; but if the roller £ be shifted
to the left on its pm then, after being acted
upon by the cam-surface » during one revo-
lation, it will be acted upon by the surface
n’ during the next revolution, 80 as to open

the escape - valve during the compressing -
-gtroke.
The rolleris put in the lastan&med poswwn .

it will cause the

3 - - , 388,302

when the engine is being started, in order that
by allowing some of the cylinder charge to
escape during the compression - stroke the
work of starting may be rendered easier.
When the engine 18 fully at work, the roller &

| 1s shifted back to the position shown, so as to
‘open the discharge-valve only during the ex-
pelling-stroke.

Figs. 10, 11, and 12 show the invention ap-
The action is just

plled to a vel tical engine.
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the same as above described, and the parts,

being indicated by the same letters of refer-
ence, they need not be further referred to.

- Having thus deseribed the nature of my in-
vention and the best means I know for carry-

ing the same into practical effect, I claim—-

1. In a gas-motor engine of the type de-
seribed, the combination, with the cylinder

-and crank-shaft, of anigniting-slide driven by

an eccentricon the crank-shaft and an escape-
valve worked by an automatically-movable
cam on the crank-shaft to only effect the open-
ing of the escape-valve once in every two revo-
lations, sabstantially as described.

2. In motor-engines worked by combustible

gas, vapor, or spray that operate with a ¢ycle

of fourstrokes,a discharge-valve thatis worked

by a cam on the engine-shaft, arranged toslide
laterally thereon, so as only to act upon the
valve at every second revolution of the en-
gine-shaft, substantially as and for the pur-
poses set; forbh |

3. In motor-engines worked by combustlb]e

goO
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gas, vapor, or spray that operate with a cycle

of four strokes, a cam, n, for working the dis-

charge-valve of the engine, which is situated

upon a sleeve, ¢, on the engine-shaft, arranged
to slide longltudmally thereon, and having a

~double groove, m w/, in which works a sta-

tionary pwoted sbud !, so that at one revola-

105

tion the stud 'norks in the one groove and

~causes the cam to act upon the lever f of the

discharge-valve, so as to open this, while at the
next revolutlon the stud passes into the sec-
ond groove, and thereby shifts the sleeve, so
that the cam revolves without acting upon the
lever f, substantially as herein described.

4. In motor-engines worked by combustible
gas, vapor, or spray that operate with a cycle
of four strokes, the combination of an igniting
slide or valve, b, worked directly from the

engine-shaft A by an eccentrie, a, and a dis-

charge-valve, 4, worked dlrect,ly from the en-
gine shaft A by a cam, n, on a sleeve, ¢, that
is slid laterally thereon 80 as only to actuate
the discharge-valve at every alternate revolu-
tion, substantially as herein described.

In testimony whereof I have signed my name
to this specification, in the presence of two sub-

seribing witnesses, this 26th day of January,

A. D. 1888.

NICOLAUS AUGUST OTTO
Wltnesses

PDTER LANGEN
I(oZn
WILHELM RINCEK,
- Deutz.
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