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Fig. 2 is a side elevation of the same; Figs. 3 

Figs. 13 and 4; and Fig. 10 is a similar dia 
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To all whom it may concern: gine is shown, in which a is the cylinder, b the 
Be it known that I, CHARLEs E. SHADAL, piston and c the crankshaft. a . 

citizen of the United States, residing at Mil- d and e are cams formed with or attached 
waukee, in the county of Milwaukee and to a gearf, meshing with a smaller gear g on State of Wisconsin, have invented certain 
new and useful improvements in Internal-gearg being as 2 to 1, so that the cams will Oy 

Combustion Engines, of which the following Beturned tie revolution to every two revolu 
is a specification, reference being had to the tions of the crankshaft. 

the crankshaft, the ratio of the gearf to the 
60 

Epanying drawing, forming a part his the exhaust valve, seated by a spring 
thereof. - and arranged to be opened by the cam d. 
This invention relates to engines which are w - Y - 

actuated by the expansive force of an ex- cating at one end with a passage which leads 
ploded mixture of gas or oil vapor and air or into one end of the cylinder a. It has an air inert gas. 
The main objects of the invention are to ture supply connection l. regulate or vary the speed of the engine au m is a hollow cylindrical valve provided at 

ing the relative proportions of explosive mix 
ture and air or inert gas admitted into the 
cylinder, to obtain a high thermal efficiency 
by producing a high and approximately con- as shown in Figs. 3 and 4, inside of the valve 

two ports o and p, in constant communica 
tion with the air and explosive mixture sup 

tomatically or manually by gradually vary- the outer end with a crank arm in and having 

stant compression of the explosive mixture case, to communicate with the ports o and p 
for varying speeds or loads, to avoid shock within the limits of their movement. or jar by exploding varying volumes of the 
explosive mixture it regular intervals with turn in the valve m and provided with two out intermission, and generally to improve ports r and s, which are arranged to register the construction and operation of engines of one at a time with the ports o and pin the 

valve. This cylinder communicates at its 
inner end with the passage leading into the struction and in the peculiar arrangement engine cylinder a, and is provided at its outer 

and combinations of parts hereinafter par- end, which is closed, with a crank arm t, 
ticularly described and pointed out in the which may be connected with a governor or 

, pressure regulator of the usual kind suitable 
for the purpose of automatically regulating 
the engine, or it may be adjusted manually. 
The valvearin n is connected by a link with a 
lever u, which carries a roller or has a projec 
tion in the path of the came or the valve m. may be operated synchronously with the 
movement of the piston b by any other suit 

this class. 
It consists in certain novel features of con 

claims. - 

ters designate the same parts in the several figures. 
Figure 1 is a plan view and horizontal sec 

tion of an engine embodying the invention; 
and 4 are sections of the valve mechanism on 

In the accompanying drawing like charac 

the lines 33 and 44 respectively of Fig. able connection. 
Figs. 5, 6, 7 and S are an end view, cross sec- is an inwardly opening check valve, nor 
tions on the lines 6 6 and 77 of Fig. 8, and a mally seated by a spring w in the passage 
longitudinal section of a modification of the leading from the regulating valve mechan 
valve mechanism; Fig. 9 is an indicator dia-ism into the cylinder a. 
gram illustrating the operation of the engine With the form of valve mechanism above 
rovided with valve mechanism as shown in described the engine operates as follows: For 

- the greatest load or highest speed, the regu gran illustrating the operation of the engine 
provided with valve mechanism as shown in right, as shown in Figs. 3 and 4, in which the 
figs. 5 to 8 inclusive. - valve m is shown in the position it has at the 

For the purpose of illustrating and explain- beginning of the suction stroke of the piston. 
ing the invention, a four cycle explosive en- In this position both the ports o and pare. 

q is a hollow regulating cylinder fitted to 

i is a cylindrical valve chamber communi 
65. 

supply connection k and an explosive mix p 
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ply connections k and l, which are extended 
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lating cylinder g is turned to the extreme : . . 
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but said cylinder will be filled with explosive 
u 

spring u', the charge is highly compressed and 

3. 3 
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valve in to fine left during the suction strok 
50 

55 

60 

65 

... - - - - . 899,136 - 

hereby admitting an explosive mixture of 

opened by the partial vacuum produced in 

spark. The explosion thus produced forces 

ally or otherwise, to the left. This carries inder g. It is formed with ports and 2, cor 

the admission of explosive sixture is gradu 

closed by the cylinderg. As the piston a or constant under varying conditions, what 
anoves towards the crankshaft the valve an is ever the relative proportions of the mixture 
turned to the left, carrying its port p imme- and air may be, the compression of the charge 
diately over and into register with the ports, will remain constant or be the same under such 

varying conditions, so that high compression 
gas or oil yapor and air into the regulating may be produced with a small quantity of 
cylinder, thence through the connecting pas 
sage by the cick valve v into the cylinder a 
behind the piston, the chack valve being efficiency obtairid under the varying condi 

tions with charges comprising small as well as 
the cylinder by the suction stroke of the pis- larger quantities of explosive mixture. 
tol). As the explosive mixture will in practice 

In the above mentioned movement of the rarely if ever be entirely cut off by th valve in its airport o is carried away from the lating valve mechanism, the engine will be 
corresponding port r in the regulating cylin- supplied at regular intervals with more or 
der 1, so that no air will be admitted into the less of the mixture according to the load or 
engine cylinder under the conditions stated, speed of the engine, and consequently there 

will be explosions at regular intervals or with 
Juixture at or a little below atmospheric out intermission, as in the ordinary method 
pressure. Upon the return stroke of the pis- of operating and regulating engines of this 
tion the check valve being closed by the class. The explosions thus taking place at . . 

regular intervals without intermission, and their force being gradually diminished or in 
creased to vary the spect of the engine or to 
maintain a constant speed with a varying 
load, the shocks and jars incident to the 
method of regulation by intermitting explo 
sions of substantially constant force, are 
avoided, and the engine is made to run 
:smoothly and cuictly. 
The operation of the engine as above ex 

plained is illustrated by the diagram in Fig. 
9, in which 2 designates the compression line 
and 3, 4 and 5 expansion lines indicating 
charges of various proportions of the mixture 
and air, according to the adjustment of the 
regulating cylinder q. w 

Referring to Figs. 5 to Sinclusive, a throt 
tling cylinfer ir is fitted and adapted to turn 
between the valve it and the regulating cyl 

exploded at the propertinie in the usual way 
by any suitable mans, such as an electric 

the piston back towards the crankshaft, in 
parting a powerful impulse thereto, in the 
usual mainer in this class of engines. Dur 
ing the next return stroke of the piston the 
exhaust valve his opened by the can d and 
the spent charge is expelled from the cylinder. 
During the next st EE of the piston towards 
the crank sli aft, a fresh charge is tirawn into 
the cylinder antil the cycle of operations above 
described follows. 
To maintain an approximately constant 

speed in case of a decrease of load or to de 
crease the speed in case of a constant load, 
the regulating cylinder q is turned by its gov 
ernor connection, or by other means, manu 

responding and normally registering with the 
ports r and s of the regulating cylinder. It 
is provided at its outer end with an arm 6, 
normally held by a spring 7 against a stop 8 
on the valve case. Thisarm is arranged as 
shown in Fig. S, in the path uf the crank pin 
or a projection of the arm it. The check 
valve v' is in this case located over a port at 
the inner end of the valve chamberi, and its stem passes axially through the regulating 
cylinder q and is guided at its outer end in a 
bonnet j attached to the outer end of the 
"alve case and furnishing a bearing for the 
inner end of the spring us'. Thic engine with 
this form of valve mechanism operates as fol lows: When the regulating cylinder is in its 
extreme position at the right as shown in 
Figs. 6 and 7, and the throttling cylinder is in 
its normal position with the airn 6 resting 
against the stop S, a full charge of explosive 
mixture will be admitted into the cylinder a 
sluring the suction stroke of the piston, the 
air port reihaining closed. To decrease the 
speed of the engine with a constant load or to 

the port 7' into position to perihit the opening 
of the air port o more or less at the beginning 
of the suction stroke of the piston and at the 
same time carries the ports into position to 
close the mixture port p during a correspond 
ing part of the suction stroke of the piston. 
Under these conditions the movement of the 

of the pistola operates to first admit air into 
the cylinder a and then the explosive mix 
ture. The volume of the explosive mixture 
being thus cut down, the force of the explo 
sion is correspondingly decreased, thereby 
tending either to maintain a constant speed 
under decreased load, or tytli:inish the speed 
under a consant load. By turning the regu 
lating cylinder in from its extree position at 
the right to its extreme position at the left, 

ally reduced, while the allision of air is cor 
respondingly increased, leginning with a 
charge composed entirely of the mixture, and 
cluding with a charge composed enti's of air. 
The total volume of the charge: being the same, 
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explosive mixture, as well as with a large 
- quantity thereof, and a maximum thermal 
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maintain its speed with a decreased load, the 
cylinder q is turned to the left automatically 
by the governor or pressure regulator, or 
manually, as hereinbefore explained. This 
operates to partially close the ports r and s 
without changing the relation of the ports ly 
and 2 in the throttling cylinder a to the ports 
o and p in the valve in. As the valve is 
turned to the left during the suction stroke of 
the piston, explosive mixture is admitted as 
before to the cylinder, but it is throttled in 
its passage through the restricted ports, and 
the volume of the charge is reduced. This 
results in lower compression and in explosions 
of less force. As E. regulating cylinder is 
turned to the left the force of the explosions 
is diminished in a greater degree than the 
compression of the charges. The operation 
of this form of the regulating mechanism to 
the extent above explained, is illustrated in 
the indicator diagrara shown in Fig. 10, by 
the compression lines 9, 10, 11, and the corre 
sponding expansion lines. 12, 13 and 14. 
RE the crank pin of projection of the arm 
tengages the airin-6 in the continued move 
ment of the arm t to the left, the cylinder a 
will be turned with the cylinder gin the fur 
ther movement of the latter to the left, and 
from this point on the movement of the two 
cylinders and r together, operates as in the 
case of the valve and regulating mechanism 
shown in Figs. 1,3 and 4, to vary the propor 
tions of explosive mixture and air in the 

35 
charges without change in the total volume 
of the charges and without variation in the 
degree of compression, substantially as here 

40 

45 

inbefore explained. This latter operation of 
the modified valve and regulating mechan 
ism is illustrated by the diagram Fig. 9, and 
also by the compression line 11 and the ex 
pansion lines 15 and 16 of the diagram Fig. 10. 

Various changes in details of construction 
and arrangement of parts other than those 
shown and pointed out, may be tilde with 
out departing from the principle and scope of 
the invention. 

I claim: . 
1. In an internal combustion engine the 

combination with a cylinder and piston, of a 
50 

55 

60 

cylindrical valve chamber having separate 
air and explosive mixture supply COCC 
tions, a hollow oscillating valve fitted in said 
chamber and having ports in constant conl 
munication with said connections, a hollow 
regulating cylinder adapted to turn within : 
said valve and having ports arranged to , 
register one at a time with the valve ports, 
and neans for adjusting said regulating 
cylinder to vary the relative volumes of air 
and mixture admitted to the engine cylinder 
which communicates with the interior of 

said regulating cylinder, substantially as de 
seribed. . . 

2. in an internal combustion engine the 
combination with a cylinder and piston, of a 
valve chamber having separate air and ex 
cylindrical valve fitted to turn in said cham 

said connections, a connection with the pis 
ton for rocking said valve, a regulating cylin 
der adapted to turn within said valve and 
having ports arranged to register one at a 
time EE the valve ports and to admit airin 
advance of the mixture into the engine cylin 
der, and means for turning said regulating 
and mixture, substantially as described. 

3. In an internal combustion engine the 
combination with a cylinder and piston of a 
valve chamber having separate air and ex 
losive mixture supply connections, a hollow 

(lindrical valve fitted to turn in said cham 
ber and having ports communicating with 
said connections, a connection for rocking 
said valve synchrono:usly with the movement 
communicating with the engine cylinder and 
having ports arranged to register one at a 
time with the ports in said valve, means for adjusting said regulating cylinder to vary 
thc proportions of air and mixture admitted 
into the engine cylinder, and an inwardly 

the regulating cylinder and the engine cylin 
der, substantially as described. 
4. In an internal combustion eng 

air and explosive mixture supply connec 
tions, a cylindrical valve fitted in said cham 
cation with said connections, a connection 
for rocking said valve, a throttling cylinder fitted in said valve and haying ports arranged 
to register one at a time with the ports in said 
valve, a regulating cylinder fitted in said o 

sponding with the ports therein, and means for turning said regulating cylinder te vary 
the time of closing the airport and of open 
ing the mixture port, said regulating cylinder 
being capable of a limited movement with 
relation to the throttling cylinder for pr tially closing the ports therein, substantially 
as described. . . 

In witness whereof, I hereto affix my sig 
nature in presence of two witnesses. 

CHARLES E. SHADALL. 
Witnesses: v - 

- CIAs. L. Goss, 
A. F. WEST. 
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