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To all whom it may concern:

Be it known that we, GEorGE M. IoPKINS
and I. NEwroN HOPKINS, of Brooklyn, in the
county of Kings and State of New York, have
invented a mew and useful Tmprovement in
Gags-Engines, of which the following is aspeci-
fication.

Our invention relates to the class of gas-en-
gines in which the gas and air ar¢ drawn into
the cylinder by the power-piston during the
early part of its stroke, and-then exploded to
propel the piston to the end of its stroke.

The improvement consists in a method and

" apparatus for admitting gas and air to the
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cylinder, and in apparatus for controlling the
ignition ‘of the explosive mixture.

Our invention further consists in mechan-
ism for automatically shutting off the supply
of gas when the engine stops.

In this spec1ﬁcat1on reference is made to the
annexed drawings, in which similar letters of
reference indicate the same partsin all of the
figures.

Flome 1is aside elevation of a portion of a
gas-engine, partly in section, showing the ap-
plication of our improvement. Fig. 218 a
front elevation, partly in section; and Fig. 3
is a detail view of the gas cut-off valve.

The cylinder A contains the piston B, whose
reciprocating motion imparts rotary motion to
the shaft C through well -known connective
mechanism.

TUpon the shaft C is secured the eccentric D,
surrounded by a strap, E, which connects by
the rod F with the exhaust-valve of the engine,
A rock-shaft, G, extends across the bed- phte
H of the engine, parallel with the main shaft,
and is journaled in beari ings secur ed to the
bed-plate.

Upon the end of the rock-shaft G, immedi-
ately under the eccentric D, is secured an an-
gled lever, I, having arms ¢ b. The arm ¢ is
connected with the eccentric-strap E by the
connecting-rod J, and the arm b is connected
with an arm, ¢, on a rock-shaft, K, journaled
in asupport, 1, at the front of the engine. In

the end of the rock-shaft G remote from the
lever I is secured a curved.arm, .M, to the
free end of which is connected the piston slide--
valve N by means of the connecting-rod d.

The bearing-surface of the slide- V:leeN in the
cagsing O is divided into three parts e, f, and

projecting from the valve-seat ¢.

(No model.)

g, leaving an annular chamber, %, and port ¢
on opposite sides of the part f. The port <
communicates with the lower end of the cyl-
inder through the pipe j, and the chamber A
communicates with the air-supply pipe P
through the elbow k.- The outer end of the
a1r~supply pipe P terminates in an elbow, [,

which opens downward, and is provided Wlt‘:h‘

an ordinary check~va1ve, m, opening inward.
In the elbow % is inserted a pipe, n, which ex-
tends downward a short distance, thence up-
ward, communicating with the valve Q. In
the houzontal part ot the pipe «, near the el-
bow k, is placed a flap check-valve, o, opening
toward the elbow L, and having an inclined

valve-geat and a flap-valve hanging normally
open. The slide-valve N is in two parts, p ¢,
connected by a'spindle, », the space between
the two parts-being &bout equal to the width
of the chamber /.
der, at a point distant from the bottom there-
of about equal to two-fifths of the stroke of the
piston, there is an ignition-aperture, s, and to
the side of the cylinder is secured a concave
valve-seat, ¢, having an ignition-aperture cor-
responding 1n position to the apertme §in the
cylinder, and to the rock-shaft K is secured
an oscillating valve, u, which is adapted to
the concave surtace of the valve-seat t and is
pr ‘'ovided with an ignition- aperture, §', which
is capable of counndlno with the ig mmon -aper-
ture s. The center ot curvature "of the valve
4 and valve-seat ¢ corresponds with the center
of the rock-shaft. K. An igniting-burner, A/,
taking gas.from the pipe », is phced in 1)051
tion to permit its flame to pass in front of the
ignition-aperture s.

The rock-shaft K, besides hwmg a bearing
in the support L, % Jjournaled in an arm, v,
The rock-
shaft K is bored axially to receive a rod, w,
and is slotted in its upper surface, inside of 'the
outer bearing, to receive the shorter arm of an
angkd lever, R, which is fulerumed between
ears «, formed on a sleeve, 8, secured to. the
rock-shaft K. The longer arm of the lever R
carries a weight, T. The valve Q) is placed
axially in line with the rock-shaft K, is eapa-
ble of being engaged by the rod w, and has a
flanged casmg,to “which rLﬁe‘alole diaphragm,
v, is cl’»mped byaring, ¢. An annular valve-
se’tb d', projects into the. valve-casing, and a

In the front of the cylin-
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disk, ¢, and guide f’, secured to the center of

. the diaphragm, form, in connection with the
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sald diaphragm, a valve which is capable of
-seating on the valve-seat @. The gas-supply
pipe U communicates with the valve Q. To
one side of the ring ¢ is pivoted a latch, ¢/,
which is capable of holding the rod w out of
engagement with the valve Q. Gasflows con-
tinnously through the pipe » into the elbow
% and pipe P, and as the piston completes its
downward stroke and is about to begin its up-
ward stroke the valve N is moved forward by
_the action of the eceentric D through the con-
necting-rod J, lever I, rock-shaft G, and arm
M, opening the port I and allowing the mix-
ture of gas and air contained by the chamber
h, elbow k, and pipe P to pass into the cylin-
derasthepistonrises. Theflow ofgasthrough
the pipe # is regulated, so that the mixture
formed in the chamber 7, elbow %, and pipe P,
during the time that the valve N closes

- the port 4, will be very rich in gas; but when
" the port 7 is open, and air is being rapidly
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drawn into the eylinder, the volume of gas
admitted with the air will be comparatively
small. Just before thepiston passes the igni-
tion-opening s, the valve N closes the port 4,
and the ignition-opening § in the valve
coincides with the ignition-opening s of the
cylinder, and when the piston uncovers the
said ignition-opening the flame of the igni-
tion-burner A’ is drawn into the cylinder,
igniting the combustible mixture therein; but
before the ignition of the gas is complete the
valve 4 moves so as to close the opening s,
when the explosion pushes the piston to the
top of the stroke. The exhaust-valve is then
opened in the usual way, and the products of
combustion are allowed to escape as the pis-
ton descends. During the movement of the
piston through the upper half of its stroke
and through its entire downward stroke, a
highly-combustible mixture of gas and air is
being formed in the chamber A, elbow %, and
pipe P, ready to be drawn into the cylinder
when the piston again ascends.

The escape of gas from the pipe P into the
surrounding atmosphere is prevented by the
check-valve m, and any accidental explosion
of the mixture contained by the chamber &,
elbow k, and pipe P is prevented from blow-
ing back into the gas-supply pipe by the
check-valve o.. The. oscillation of the rock-
shaft K causes the weight T to carry up the
longer arm of the lever R by centrifugal ac-
tion,where it is retained so long as the engine

" continues to act. The rod w, being released
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by the raising of the lever R, allows the dia-
phragm b’ to retract and open the passage
through the valve Q, allowing the full sup-
ply of gas to flow through the pipe n. When
the engine stops from any cause, the weight
T drops and the lever R pushes forward the
rod w against the disk ¢, bringing the dia-
phragm b’ into contact with the valve-seat d,
entirely shutting off the supply of gas to the
engine. : '
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- 'When the engine is to be st_arfed, the rod
w is pushed back, moving the lever R and
raising the weight T,whenthelatch ¢ israised
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and the rod w is allowed to rest upon'it. The

valve Q now opens and gas flows into thepipe
7. Theigniting-burner A’islighted,and gasis

turned onattheregulating-cock B'. Theengine

is revolved by hand until the first explosive
charge is drawn into the cylinderand ignited,
after which the engine will propel itself.
‘Whentheengine reaches its normal speed, the
weight T is raised by ecentrifugal force, the
lateh ¢’ is released and drops into vertical po-
sition, as shown in dotted lines in Fig. 3,
when the automatic cut-off mechanism is in
condition to shut off the gas should the en-
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gine stop. By placing the lever R upon the °

extremity of the rock-shaft K outside of the
arm ¢, the shorter arm of the lever R may be
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allowed to act directly upon thevalve Q with- -

oub the intervention of the rod 1. .

Having thus described our invention, what
we claim as new, and desire to secure by Let-
ters Patent, is— .

1. The method of operating a gas-engine,
which consists in forming in the air-supply
passage thereof a rich mixture of air and gas
during the latter portion of the upwardstroke
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and. the entire downward stroke of the piston, -

drawing the said rich mixture into the cylin-

der during the early part of theupward stroke _

of the piston,afterward drawing ina compara-

tively weak mixture, the flow of gas into the

air-pipe being continuous, the strength of the
mixture being varied by an intermittent air-
supply, finally igniting the charge by drawing
into the cylinder a flame at the point of the
piston-stroke at which an ignition is desired.

2. The combination, with the cylinder of a
gas-engine, of a slide-valve, N, an air-pipe, P,
communicating therewith, and a gas-pipe, »,
connected with the air-pipe and adapted to
furnish a continuous supply of gas thereto, as
specified.

3. The combination, with the c¢ylinder of a
gas-engine, of a valve-casing, O, having a
port, ¢, chamber %, slide-valve N, air-supply
pipe P, check-valve m, gas-supply pipe n,and
normally open check-valve o, as herein de-
seribed. o

4. The combination, with the gas cut-off
valve, of a weighted oscillating lever capable
of closing the said valve when the lever is at
rest, as herein specified. :

5. The combination, with the cut-off valve
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and weighted oscillating lever for closing the -

same, of a latch for holding the said weighted
lever out of engagement with the cut-off valve
while the engine is being started, as herein
specified. , :

6. The combination, with the cylinder A
of a gas-engine having the ignition-opening
s at the point in the stroke of the piston at
which an ignition is desired, of a concave
valve-seat, ¢, attached to the cylinder, and
provided with an opening corresponding with

thé ignition-opening s,and an oscillating valve,
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u, adapted to the said seat and provided with
an ignition-opening, ', a§ herein specified.-
7. The axially- bored rocking shaft XK, the |
angled weighted lever R, capmble of belng op-
‘ emted by centnfu al force, and the rod w, in
combination, for opelatmo a gas cut-off valve,
as specified.
8. The gas cut-off valve Q, formed of a cas-

ing containing a valve-seat, d, and p10Vlded
w1th a dlaphlawm, v, earrymv the disk ¢ and 1c
guide 17, as specified.

GEORGE M. HOPKINS.

I. NEWTON HOPKINS.

‘Witnesses:
FrAaNk M. CLUBE,
Hrrman C. HAGEN.




