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To all whom it may concerm: .

Be it known that I, Joserr A. WILLIAMS,
a citizen of the Unifed- States, residing at
Cleveland, in the county of Cuyahoga and
State of Ohio, have invented a certain new
and useful Improvement in Explosive-En-
gines, of which the following is a full, clear,
and exact description, reference being had to
the a.ccompa,ny,rin%l drawings. ‘

The object of this invention is to provide
simple
in construction shall be economical in use
and regular and certain in its action. 1
accomplish these results by providing a sepa-
rable combustion-chamber and arranging a
scavenging charge of compressed air which

flows from the crank-chamber through the

combustion-chamber after the firing and en-
tirely clears out the combustion -chamber.
This insures certainty in action of the engine
and increases the efficiency and economy by
preventing contamination of the fresh charge.
My invention may be summadized as con-
sisting of the means em
above ends, as hereinafter more fully ex-
plained and as definitelyset out in the claims.
In the drawings, Figure 1isa longitudinal
central section through the cylinder and
valve-chambersof myengine.
yiew thereof. - Fig. 3isa side elevation of the
engine at right angles to Fig. 1, and Fig. 4isa
gection of the upper part of the engine sub-
stantially on the line 4 4 of Fig. 2. :
The same letters of reference designate the
same part of each figure. : ‘
Referring to the parts
sents the cylinder of the engine. In thisc 1-
inder slides a reciprocating trunk-piston B,
he Cf iston
with the crank 4n the chamber a, which is
closed about the lower end of the cylinder.
A water-jacket @’ is shown around the upper
portion of the cylinder. “At the upper end of
the cylinder, above the piston, is an extension

or. hood D, which, as shown, is a separate |

part secured to the cylinder. - This hood and
the plate d held in place thereby act as 8
head for the cylinder.
small gpace d’, which constitutes the admis-
gion-chamber; Air and gas are sucked into

- the same at the px&?ﬁer time through a suit-

able opening d*. e most of the space be-
tween the plate d and the upper end of the
hood is devoted to a series of combustion-

- valve.

loyed to attain the.

ig. 2isa top

by letters, A repre-

‘Within the head is a |

chambers. In thedrawings twocombustion-
chambers d® d¢ are shown, being separated
from each other by the partition d°.
E represents a gonnet, which is shown as
secured to the side of a hood D and carries an
¢* and

the exhaust-pipe through the openin
amber

with the lowermost combustion-c
through a passage-way €.

The valves are all of the puppet tyge, bein
held to their seats by springs f°and opene
positively by cam-levers. Fis the admission-
valve. F’and F?are
trolling the combustion-chambers. Fis a
valve controlling the sc',m"engin%l charge, as
hereinafter explained, and-F*is t
The stems of these valves have heads
.1, /¢ and 14, respectively, which are adapt-
ed to be engaged and depressed by the for-
ward ends o% levers G, G’, G*, and G*. " These
levers sre all operated by cams suitably
placed on a cam -shaft I-Iy which receives
motion from the crank- haft. The gearing
shown between the cam-shaft and the crank-
shaft consists of a bevel-gear h on the end of
the cam-shaft, a meshing gear j on a lay-
shaft J, the lower end of which carries the
bevel-gear §/, meshing with the bevel-gear ¢*
on the crank-shaft I.  This mechanism pro-
vides means for ositively opening the valves,
as desired, according to tﬁe adjustment of the
cams on the cam-shaft H, as will be readily
understood. Fig. 1 shows the piston in the
position atthe end of the compression-stroke,
the charge being fully compressed: into the
combustion-chamber ready for ﬁri?f.

The speed of the engine is reg ated by
governing in ‘the manner heremafter ex-
plained the amount- of opening of the ad-
mission-valve F. To insure the proper com-
pression of the mixture with its varying
amount, I vary the combustion - chambers.
As shown, there are two parts to the combus-
tion-chambers, and the valve F* operates, as
hereinafter explained, to shut off orleave con-
nected the u{; ver chamber, a8 desired. If less
than one-half of the full cimrge is drawn, the
valve Fiis seated during thecom ression and
firing strokes, thus restricting the combus-
tion-chamber to the lower compartment .
If, on the other hand, more than one-half of
the full charge is drawn in, then the valve F*

does not seat and both chambers @* and d*
are used as combustion-chambers. The tweo

exhaust-chamber ¢, which communicates with.

e exhaust-
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combustion-chambers are to be taken as
illusteations of two or more chambets, as
becomes desirable in practice. When two
chambers are employed, the charge may be
compressed into the whole compression-
space or one-half of it. If three chaimbers be
employed, theregulationis more close and the
charge may 'be compressed into one-third of
the space, two - thirds of the space, or the
whole of it.  As shown m Fig. 1, both of the
combustion-chambers are in use, the valves
F’ F* being off their seats, the remaining
valves all closed. At this point the charge
is exploded by a spark caused by the igniter
L, which is placed in the lowesmost combus-
tion-chamber. This explosion drives the
piston downward and compresses into the
crank-chamber the air below it. As the pis-
ton reaches the lower end of the stroke and
starts on its expulsion-stroke the cam acting
on the lever G* opens the exhaust-valve K4
and the charge is expelled through the ex-
haust-passage e*. Just as the piston reaches
the extreme upper movement on the expul-
sion-stroke the cam acting on the lever G/
forces the valve F’ tightly against its seat
and holds it there throughout the admission-

the valve F is opened, exhaust-valve F* re-
mains open, and the scavenging-vave F3 is
opened by its lever G, the result being that
air compressed in the crank - chamber by
the downwardly - moving piston rushes
through the pipe N and through the bonnet
I ang through the combustion-chambers and
out through the exhaust-valve, thoroughly
cleaning the combustion-chambers. The
next stroke of the cycle is the compression-
stroke. On this stroke the valves I, ¥2 and
F* are all closed, and the valve F’ is away

from its seat, and the valve F? may be away |

from its seat, as shown in Fig. 1, the charge
being thus compressed into the two compres-
sion-chambers, or this valve F* may be on its
seat, restricting the compression to the cham-
ber @*. A suitable check-valve M, opening

.into the crank-chamber, allows the admission

of air thereinto on the upward stroke of the
piston. To provide for the corresponding
control of the admission and combustion
chamber valves, I have the following mech-
anism: Mounted above the hood is a
rock-shaft P, which is under control of the
operator by suitable means, as illustrated,
by the rock-lever p, mounted on said shaft.

xtending upwar(f) from the shaft is a rock-
arm p’, to which is connected a bar p?, which
extends beneath a yoke Q, in which the bear-

‘ing ¢’ of the cam-lever G 1s slidably mounted.

The bar p*is inclined on its under face,and a
spring ¢* presses the bearing ¢’ upward against
said bar. Now if the lever p
direction to force the bar p* into the ﬁfoke Q,
the bearing ¢’ is forced downward, wherefore
the lever (g when “acted on by its cam forces

During this admission - stroke the |

is pulled in thg-
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farther downward the stem 72 of the valve F,
opening that valve wider, thus increasing the
amount of charge admitted. Loosely jour-
naled on the rock-shaft P is a pawl p*. ﬁ»in
p* extends from the rock—shaflt) through a slot
F“ in the hub of this pawl. This results in al-
owing independent movement of the pawl
and rock-shaft to the extent of the space pro-
vided by the slot °, but compels the two to
rotate in unison with any further movement
of the rock-shaft. Now during the first po-
sitions of the lever p—that is, those at the
right of the positions shown in Fig. 3—the in-
cline of the bar p* is depressing %)ut slightly
the bearing ¢’ and the cam-lever G opens the
admission-valve for something less than one-
half the full admission. In, these first po-
sitions of the lever p the pin p*is against the
forward wall of the slot p® and holds the pawl
p* out of action. The spring around the
shank of the valve F?is thus enabled to hold
this valve against its seat, shutting off the up-
per combustion-chamber and restricting the
comi)ression to the lower chamber d*>. When
the lever p is moved into its positions for
greater speed, (being those at the left of that
shown in Fig. 3,) the wedge-bar p* forces

down the bearing ¢’ sufficiently so that the

admission-valve 1s gpened much wider by
the cam-lever. This also swings the pin p*
away from the end of the slot p* and allows
the nose p” on the upper end of the pawl to
spring over the head of the stem of the valve

. As soon as this valve is depressed, as
it is always during the scavening operation,
the spring p* insures the pawl assuming this
position when the position of the rock-lever
allows it. *

It will be understood from the above de-
scription that the amount of charge may be
regulated to a nicety by the lever p’ or its
equivalent and that as the charge increases
at a certain point the size of the combustion-
chamber is increased. In the embodiment
shown this point is at half-charge, anything
less than half-charge using only the lower
chamber d® and anything more than half-
charge using both chambers. The arm G/,
which operates the combustion-chamber
valve, is itself a rather stiff leaf-spring, re-
sulting in the valve F’ being snugly seated
wher the cam eloses it.

I claim—

1. The combination with an explosive-en-
gine including a cylinder and a separable sta-
tionary combustion-chamber, of means for
forcing a scavenging charge of air through
the same at a time when the combustion-
chamber is not in communication with the
cylinder. :

2. In a four-cycle explosive-¢ nlgine', in com-
bination, a cylinder, a separable stationary
combustion-chamber, and exhaust-passage
for the cylinder leading from said eombus-
tion-chamber, and means for forcing a scav-
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enging chatge of air through said combus-
tion-chamber at a period of the cycle when
the engine is not exhausting.

3. In an explosive-engine, in combination,
a cylinder, a stationary combustion-cham-
ber, a valve between the same and the cylin-
der, and means for forcing the air through
the combustion-chamber when said valve is
closed.

4. In an explosive-engine, in combination,
a cylinder, a crank-casing connected thereto,
a separable stationary combustion-chamber,
a passage-way leading from the crank-cham-
ber to the combustion-chamber, and a valve
for controlling said passage-way. '

5. In an explosive-engine, in combination,
a cylinder, a stationary combustion - cham-
ber, a valve for controlling communication
between the two, means for forcing a scav-
enging charge through the combustion-
chamber, a valve for controlling such charge,

and means for opening said valve when the

combustion-chamber valve is closed.

6. In an explosive-engine, in combination,

a cylinder, a crank-casing connected thereto,
a separate stationary combustion-chamber, a
assage-way leading from the crank-cham-
er to the combustion-chamber, & scaveng-

ing-valve for controlling said passage-way, &

partition between the combustion-chamber
and cylinder, a valve controlling an opening:
in said partition, and means for opening the

scavenging-valve when the last-mentioned |-

valve is closed.
7. In an explosive-engine, in ecombination,
a cylinder, & combustion-chamber divided

‘means controllin

“& valve controllin

a

into compartments, a valve for controlling
communication between the compartments,
means for admitting a scavenging charge into
the compartment farthest from the cylin-

 der, and means for simultaneously holding

open the valve between the compartments,
and the exit-valve from the compartment
nearest the cylinder.

8. In an explosive-engine, in combination,
a cylinder, a closed crank-casing connected

40

45

therewith; a plurality of combustion-cham-

bers communiecating with each other and one
commuﬁieaﬁhg»wit% the cylinder, an igniter
in the combustion-chamber which communi-
cates with the cylinder, a valved exhaust
passage-way from said combustion-chamber,
18 communication between
the combustion-chambers, a valved passage-
way from the crank-casin leading into the
combustion - chamber fart%est from the ig-
niter to admit a scavenging charge of air
thereto. ’

9. Tn an explosive-engine, in combination,
acylinder, a stationary combustion-chamber,
communication between
the two, & crank-shaft, mechanism operated

-from the motion thereof to operate said valve,

and means for forcing a scavenging charge

“through the combustion-chamber when the
_valve is closed. A :

= In testimony whereof I hereunto affix my
_signature in the 'Fresence of two witnesses.

- OSEPH A, WILLIAMS.
Witnesses:
Arsrrr H. Bates,
B. W. BROCEETT.
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