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To all, whom it inctly concern: 
Beit known that I, JOHN S. KLEIN, a citi 

Zen of the United States, residing at Oil City, 
in the county of Wenango and State of Penn 

5 sylvania, have invented certain new and use 
ful Improvements in Gas-Engines; and I do 
hereby declare the following to be a full, clear, 
and exact description of the invention, such 
as will enable others skilled in the art to 

Io which it appertains to make and use the same. 
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This invention relates to gas-engines; and 
it consists in certain improvements in the 
construction thereof, as will be hereinafter 
fully described, and pointed out in the claims. 
More particularly the invention relates to 

means of governing the speed and regulating 
the power of this class of engines. 
The invention is illustrated in the accom 

panying drawings as follows: 
Figure 1 shows a vertical section through 

the center of the cylinder and auxiliary parts. 
Figs. 2, 3, and 4 show, respectively, the plan, 
side elevation, and end elevation of the en 
gine. Fig. 5 shows a vertical section of an 
alternative construction. Fig.6 shows a side 
elevation of said alternative construction. 
Fig. 7 shows a cross-section of the same con 
struction. 
A marks the frame or engine-bed; B, the 

3o cylinder; b, the usual water-jacket; C, the 
crank-shaft journaled in the box. CL, D, the 
fly-wheels on said crank-shaft; E, the pit 
man; F, the crank to which the pitman is 
connected; G, the piston, with which the pit 

35 man is connected by means of the ping, and 
H the igniter. All these parts are or may 
be of any common or desired construction. 
In the construction shown in Figs. 1, 2, 3, 

and 4 the exhaust is effected through a main 
4o exhaust-port I at forward end of the cylinder 

45 a stem . 

5o lieves the pressure from the valve i. 

and an auxiliary exhaust I at the Working 
end of the cylinder. Both these ports enter 
the exhaust-pipe II'. - The auxiliary port is 
provided with a valve i, which is carried by 

A spring raises the valve i when 
the pressure above is relieved. 
The operation of the exhaust mechanism is 

as follows: When the piston passes the port 
I, the main exhaust takes place. This re 

The 
spring i° then raises the valve i, and the ex 
haust continues during the back stroke of the 

the exhaust-valve i. 
pressure approximates the port-pressure the 

piston through the auxiliary port. As the 
gas mixture is admitted under pressure its 
pressure closes the valve i, thus closing the 
exhaust. 
The gas-port J is formed of a pipe connected 

with the supply-pipe J". The port-pipe is fin 
ished om its outer Surface and extends into 
the rear end of the cylinder. At the inner 
end of the port is a double valve i, the disks 
of which, working on oppositely-faced seats, 
are connected by the pin f', which plays 
through a spider f°. A spring , secured to 
the port-pipe, is attached to the rear end of 
the valve and tends to draw the front disk to 
its seat, but is not sufficiently strong to over 
come the gas-pressure in the port-pipe When 
the cylinder-pressure is relieved. A projec 
tion f extends from the front of the valve 
and is of such length that the piston will con 
tact it on its back stroke and carry the valve 
to position with both disks off their seats. 
The operation of the device is as follows: 
Starting with the position shown in the draw 
ings with the cylinder exhausting, the piston 
moves back into contact with the projection 
j and opens the valve. The pressure closes 

As soon as the cylinder 

spring f closes the valve by drawing the for 
ward disk to its seat. Theignition then takes 
place and the operation is continued as be 
fore described. 
In engines of this class as heretofore made. 

various means have been employed to vary 
the speed or power of the engine. One way 
of accomplishing this result has been to vary 
the explosive power of the mixture either by 
cutting off a part of the Supply, (the conse 
quent expansion of which changes its ex 
plosive quality.) Another method has been 
to vary the quality of the mixture admitted. 
It has also been accomplished by varying the 
capacity of the explosion-chamber with a 
fixed supply. By this means as the capacity 
of the chamber is increased the fixed quan 
tity of the gas has less initial compression, 
and the exploded gas operating in a greater 
chamber exerts less pressure on the piston, 
so that the power is correspondingly de 
creased, but without any saving or diminu 
tion of the gas used. It has also been ac 
complished by cutting off the entire supply 
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all conditions of speed or load. 

for one or more revolutions or, in other 
words, by “missing an impulse.’ These 
methods have proved unsatisfactory princi 
pally because they are not economical where 
a variable speed or load is required, as the 
greatest economy is accomplished by the use 
of a predetermined mixture under uniform 
compression and with regular impulses. 
My invention overcomes these defects in 

this class of engines by supplying means of 
changing the capacity of the explosive-cham 
ber at the moment of ignition and varying 
the quantity of gas admitted as the capacity 
of the chamber is varied. With this con 
struction the mixture at the moment of ex 
plosion is of a uniform quality or strength, 
having a predetermined compression, under 

This may be 
accomplished in various ways, but I prefer 
the constructions shown in Figs. 1, 2, 3, and 
4, in which it is effected as follows: A mov 
able cylinder-head K is placed in the rear 
end of the cylinder. This movable head fits 
movably but tightly on the port-pipe J and 
is extended by a sleeve K, which protrudes 
from the rear of the cylinder and is provided 
with screw-threads k. A screw-threaded nut 
is run onto the sleeve IX'. This nut is jour 
naled in the bracket B", extending from the 
rear of the cylinder. An annular shoulderl 
holds the nut against longitudinal movement 
in one direction, and the nut land jam-nut, 
l” complete the locking of the nut Lagainst 
longitudinal movement. 
The operation of the device will be readily 

understood. As the nut L is revolved the 
movable head K is moved by the screw in or 
out. Assuming the extreme inward stroke 
of the piston (the inner dead-point) to be ap 
proximately the line X, it will be readily seen 
that as the movable head K is moved toward 
this line the initial explosion-chamber is de 
creased, and as it is moved from this line it, 
is increased. The mixture, of such quality 
and compression as has been ascertained to 
be most economical and effective, is admitted 
uniformly in this condition to the explosion 
chamber. The initial force exerted by the 
explosion is of course about the same with 
all positions of the movable head, the varia 
tion of power being accomplished by the va 
riation of the expansive force. Thus when 
the movable head is at a position the most re 
mote from the line X and the explosion-cham 
ber of maximum capacity the fall of the ex 
pansion-line Will not be rapid and the mean ef 
fective pressure maximum, but if the movable 
head is at a position nearest the line X, so 
that the explosion-chamber is of minimum 
capacity, the fall of the expansion-line will 
be most rapid and the mean effective pressure 
minimum, and by moving the head to differ 
ent positions any intermediate power may be 
obtained. It will readily be understood, how 
ever, that if the Supply of mixture is not in 
creased as the capacity of the explosion 
chamber is increased the power of the engine 
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will be diminished as the capacity of the 
chamber is increased. It will also be under 
stood that if the supply is varied as the ca 
pacity of the explosion - chamber-i. e., in 
creased or diminished and in the same pro 
portion, so that the uniform compression is 
maintained at the moment of ignition-the 
power of the engine will increase as the ca 
pacity of the explosion-chamber and supply 
of mixture are increased, and vice versa. It 
will also appear from this that the Supply can 
be so regulated with relation to the various 
capacities of the explosion - chamber as to 
maintain a fixed power-exerting force, that 
is, the supply may be sufficiently increased, 
as the capacity of the explosion-chamber is 
increased, to prevent a diminution of power 
and still be insufficient to effect an increase 
in power. To obtain, therefore, the economic 
results flowing from my invention, the Sup 
ply should be so increased as the capacity of 
the explosion-chamber is increased as to ef 
fect an increase in the power of the engine, 
and vice versa. I prefer, however, the con 
struction shown, wherein the supply is so 
varied as the capacity of the explosion-cham 
ber is varied that the compression of the ex 
plosive mixture at the moment of ignition is 
kept constant, and in which the compression 
of the explosive mixture at the moment of 
ignition approximates the compression at 
which it is admitted. 
The regulation of the power of the engine 

may be accomplished automatically or arbi 
trarily by hand. In my preferred construc 
tion I have shown an automatic governor for 
automatically regulating the speed, as fol 
lows: On the nut L is a worm-gear L', which 
is actuated by a worm M, keyed to the shaft 
in. The shaft n, is journaled in the frame 
and has at its outer end a beveled friction 
wheel M'. The governor-spindle n, journaled 
in a frame O, carries two cone friction-wheels 
NN, which as the spindle is raised or low 
ered come into contact with bottom or top of 
the wheel M', so that one wheel N drives the 
worm Min one direction and the other in the 
opposite direction. The governor-weights P 
are carried by the levers p, and the springs 
P' counteract the centrifugal force of the 
Weights. The levers p are arranged to raise 
or lower the spindle n with each changed po 
sition of the weights. When the speed is 
normal, the spindle is held so that both 
wheels N are out of contact. The spindle 7. 
is driven through gears n' and n°by the pull 
ley nº, which is driven from the crank-shaft 
by a belt m'. The arrangement of the 
weights, springs, pulleys N and M', and the 
worm Mis such that if the speed exceeds the 
normal the worm actuates the nut L to move 
the head K toward the line X, and vice versa, 
with the result heretofore described. 

In the alternative construction shown in 
Figs. 5, 6, and 7 the general result attained 
in the preferred construction is accomplished 
in a different way. In this construction the 
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cylinder is provided with lugs B, which are 
carried by the guides A' A' on the frame, so 
as to slide freely therein. The change in the 
position of the head is accomplished by mov 
ing the entire cylinder. To facilitate this 
movement, the screw Q" is provided, which 

i runs in a screw-threaded lug Bºon the bottom 

I. ? 

2 ? 

of the cylinder. The screw-shank Q is jour 
naled in a cross-plate A* of the frame and is 
locked against longitudinal movement by the 
collar q and the worm-gear R, which is se 
cured with a nut r. A worm S, carried by 
the shafts, actuates the Worm-gear and con 
sequently the cylinder. A hand-wheel S is 
provided for operating the worm in this in 
stance, but it is plain a governor may be at 
tached, if desired. The exhaust-port I" ter 
lminates in a sleeve I, which runs through a 
Stuffing-box I into the exhaust-pipe. The 
exhaust-valve is actuated by a camT, which 
is carried by the shaft t and operated from 
the crank-shaft by a system of gears, as shown 
by dotted line in Fig. 6. The supply-port 
passes through a gland b' into the cylinder, 
thus allowing the movement of the cylinder. 
The other parts of the mechanism operate as 
in the preferred construction and the move 
ment of the cylinder effects the same result 
On the regulation as the movement of the 
movable head in that construction. 

I do not wish to be limited to the construc 
tions herein shown, the essential feature of 
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my invention being the means for providing 
a variable capacity of explosion-chamber at 
the moment of ignition with a variable supply. 
By the term “gas-engine' I wish to include 
all those engines which use the explosive 
principle in their operation. - 

I do notherein claim the method of utilizing 
the increased expansive force of increased 
quantities of explosive mixture to increase 
the power of the engine, and vice versa, as 
this is the Substance of a separate application, 
filed April 28, 1896, Serial No. 589,432. 
What I claim as new is 
1. In a gas-engine, the combination with 

the cylinder; a means of exhaust; the piston; 
and the igniter; of means of varying the ca 
pacity of the explosion-chamber at the mo 
ment of ignition; and means of admitting ex 
plosive mixture to the explosion-chamber in 
quantities so varied as the capacity of the ex 
plosion-chamber varies as to increase the 
power of the engine as the capacity of the 
explosion-chamber is increased. 

2. In a gas-engine, the combination with 
the cylinder; a means of exhaust; the piston; 
and the igniter; of means of varying the ca 
pacity of the explosion-chamber at the mo 
ment of ignition; and means of admitting 
explosive mixture to the explosion-chamber 
in quantities so varied as the capacity of the 
eXplosion-chamber varies as to maintain a 
substantially uniform compression at the mo 
ment of ignition. 

3. 

3. In a gas-engine, the combination with 
the cylinder; a means of exhaust; the piston; 
and the igniter; of means of varying the ca 
pacity of the explosion-chamber at the mo 
ment of ignition; and means of admitting 
explosive mixture to the explosion-chamber 
under a compression approximating the com 
pression at the moment of ignition and in 
quantities so varied as the capacity of the 
explosion-chamber varies as to increase the 
power of the engine as the capacity of the 
explosion-chamber is increased. 

4. In a gas-engine, the combination. With 
the cylinder; a means of exhaust; the piston; 
and the igniter; of means of varying the ca 
pacity of the explosion-chamber at the mo 
ment of ignition; and meams of admitting 
explosive mixture to the explosion-chamber 
under a compression approximating the com 
pression at the moment of ignition and in 
quantities so varied as the capacity of the 
explosion-chamber varies as to maintain a 
substantially uniform compression at the mo 
ment of ignition. 

5. In a gas-engine, the combination with 
the cylinder; a means of exhaust; the piston; 
and the igniter; of means of changing the 
relative parts to vary the capacity of the ex 
plosion-chamber at the moment of ignition; 
and means of admitting explosive mixture to 
the explosion-chamber in quantities so varied 
as the capacity of the explosion - chamber 
varies as to increase the power of the engine 
as the capacity of the explosion-chamber is 
increased. - 

6. In a gas-engine, the combination with 
the cylinder; a means of exhaust; the igniter; 
and a reciprocating piston; of means of vary 
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ing the capacity of the explosion-chamber . 
with the piston at the inner dead-point; and 
means of admitting explosive mixture to the 
explosion-chamber in quantities so varied as 
the capacity of the explosion-chamber varies 
as to increase the power of the engine as the 
capacity of the explosion - chamber is in 
Creased. 

7. In a gas-engine, the combination with 
the cylinder; a means of exhaust; the igniter 
and a reciprocating piston; of means of vary 
ing the capacity of the explosion-chamber 
with the piston at the inner dead-point; and 
means of admitting explosive mixture to the 
explosion-chamber in quantities so varied as 
the capacity of the explosion-chamber varies 
as to maintain a Substantially uniform com 
pression at the moment of ignition. 

8. In a gas-engine, the combination with the 
cylinder; a means of exhaust; the igniter and 
a reciprocating piston; of means of varying 
the capacity of the explosion-chamber with 
the piston at the inner dead-point; and means. 
of admitting explosive mixture to the explo 
sion-chamber under a compression approxi 
mating the compression at the moment of 
ignition, and in quantities so varied as the ca 
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pacity of the explosion-chamber varies as to 
increase the power of the engine as the capac 
ity of the explosion-chamber is increased. 

9. In a gas-engine, the combination. With the 
cylinder; a means of exhaust; the igniter and 
a reciprocating piston; of means of varying 
the capacity of the explosion-chamber with 
the piston at the inner dead-point; and means 
of admitting explosive mixture to the explo 
Sion-chamber under a compression approxi 
mating the compression at the moment of 
ignition and in quantities So Varied as the 
capacity of the explosion-chamber varies as 
to maintain a substantially uniform compres 
sion at the moment of ignition. 

10. In a gas-engine, the combination of the 
cylinder; means of supplying gas thereto; a 
means of exhaust; the igniter; and a piston; 
of a cylinder-head movable relatively to the 
piston and through which is carried the gas 
Supply. 

11. In a gas-engine, the combination of the 
cylinder; means of supplying gas thereto; 
means of exhaust; the igniter; and a piston; 
of a cylinder-head movable relatively to the 
cylinder and the piston and through which 
is cal'ried the gas supply. 

12. In a gas-engine, the combination of the 
cylinder; the supply-port pipe J; tlhe mov 
able head Khaving the screw-threaded sleeve 
K' thereon surrounding said port-pipe; the 

nut L. On Said sleeve and locked against lon 
gitudinal movement; a means of exhaust; 
the igniter; and the piston. 

13. In a gas-engine, the combination With the 
cylinder; means of Supplying gas thereto; a 
means of exhaust; the igniter; and the pis 
ton; of means actuated by an automatic gov 
ernor for varying the capacity of the explo 
Sion-chamber at the moment of ignition. 

14. In a gas-engine, the combination of the 
cylinder; means of Supplying gas thereto; a 
means of exhaust; the igniter; and a recipro 
cating piston; of means actuated by an all 
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tomatic governor for varying the capacity of 45 
the explosion-chamber with the piston at the 
dead-point. 

15. In a gas-engine, the combination of the 
cylinder; means of supplying gas thereto; a 
means of exhaust; the igniter; and a piston; 
a cylinder-head movable relatively to the pis 
ton; a Worm-gear for effecting said move 
ment; a Worm for actuating said gear; and a 
centrifugally-acting governor driven from 
the engine for operating said worm. 
In testimony whereof I affix my signature 

in presence of two witnesses. 
JOHN S. KLEIN. 

Witnesses: 
F. W. HAYs, 
A. B. STEEN. 
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