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FRANZ BURGER AND HENRY M. WILLIAMS, OF FORT WAYNE, INDIANA.

GAS-ENGINE.

SPECIFICATION forming part of Letters Patent o, 584,282,

dated June 8, 1897,

~Application filed Aungust 1, 1894, Serial No, 019,205, (No model.)

To all whom, it AT CORLGEPTL - |
bBe it known that we, FRANZ BURGER and

HENRY M. WILLIAMS, citizens of the United

States, residing at Fort Wayne, Allen county,

State of Indiana, have invented certain new
and useful Improvements in Gas-Engines, of

- which the following is a specification.
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Ourinventionrelatesto airand gas engines,
and has for its object to improve the con-
struction and arrangement of such machines,
to stmplify their parts and mode of operation
generally, and more especially to provide an
engine in which the burned produects of com-
bustion will be thoroughly and completely
exhausted from the combustion or explosion
chamber before a new charge of explosive
gases is admitted, this exhaustion being ac-
complished through the aid of a vacuum in
connection with other means, as hereinafter
more particularly set forth, and it is a fur-
ther object of ourinvention to provide a sim-
ple and effective regulator or governor which
shall control the admission of the explosive
gases in accordance with the work to be done;

‘and to these ends our invention consists in

the various features of construction and ar-
rangement having the mode of operation sub-
stantially as hereinafter more particularly
pointed out. |
Referring to the accom panying drawings,
Iigure 1 is a longitudinal vertieal section of
an engine embodying our invention. Fig. 2
18 a detail side view, partly in section, of a
portion of the governing device. Fig.3isan
enlarged vertical section showing the valve-
regulator. I'ig. 4 is a transverse section of
the same. Tig. 5 is a longitudinal vertical
section of a portion of the engine, showing a
slightly-modified arrangement. Fig. 6 is a
plan view of a portion of the same, showing
the regulating device; and Fig. 7 is an en-
larged detail of the regulator or governing
device. | |
One of the principal objects of our inven-
tion is to provide an engine in which the
burned products of combustion of a previous
charge shall be completely exhausted before
a new charge of explosive gases enters the

explosion-chamber, and a part of our inven-

tion is directed to means wihereby this will be
automatically accomplished in the most eco-

nomical wayand by the aid of a vacuum pro-

duced by the operation of the engine, aided

by the condensation of the burned gases, in
the manner hereinafter described, and we
will first deseribe the construction of the en-
gine shown, pointing out the principles of

55

our invention in this regard, and at the same

| time we will consider the construction and

arrangement of the governor or regulating
device for controlling the charge of explosive
gases, showing its applicability to the con-
struction of.engine illustrated as well as to
others, and while the construction and ar-
rangement of parts herein.set forth are pre-
ferred it is evident that the details
arranged or varied and parts used in combi-
nation with themselves or with other equiva-

lent parts without departing from the Spirit -

of our invention.

The base of the engine is made hollow,
forming a vacuum-chamber A, and supported
thereon and preferably formed as g part
thereof is a case containing a chamber B,
which we will designate the ““ecrank-cham-
ber,” for the reason that the crank ¢ of the

| shatt C'is mounted therein, the shaft extend.-
ing through the sides of the chamber, which

form bearings therefor, and being arranged
80 as toform an air and gas tight crank-cham-
ber. Supported upon said crank- chamber
and secured thereto is a eylinder D, which is
provided with a water-jacket D’ and in which
moves the piston E, which is connected to the
crank C by the connecting rod or pitman E'.

Mounted on the cylinder D is a tubular cap
I, which is also preferably provided with a
water-jacket and which serves to support the
governor or regulator controlling the admis-
sion of the air and gas, which in the present
instance is received through a pipe or con-
nection G, connected to a suitable reservoir
or source of supply, and passes into the cham-
ber G', around the upper portion of the ¢yl-
Inder, and thence by a passage ¥, which is
controlled by a valve E2 in the form of a tube
connected to the piston K and extending into

the chamber ¥? of the cap F and provided in
the present instance with two sets of inlet-
ports e e', which control the admission of the
explosive gases from the passage G2 into the
cylinderin the manner hereinafter described.

The cylinder is provided with outlet-ports
d, which

communicate with a passage d’,

may be.
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which in turn communicates with a passage
d?, connected with a chamber D? and these
passages and chamber are provided with a
water-jacket D8, preferably surrounding the
chamber and the passages, as indicated. In
the passage d' is arranged a valve v, and an-
other valve v’ is arranged in connection with
the chamber D? and iis outlet D4 and these
valves are shown as chieck-valves of a conven-
tional form. C

Connecting the passage d'and the vacuum-
chamber A is a passage A', which is provided
with a valve a, which is mechanically con-
trolled by some operating part of the engine,
and in the present instance we have shown a
rod ¢’ connected to a bell-crank @?, which in
turn is connected by a rod a® to an eccentric
or cam A% on the shaft C', sothat the valve a
is mechanically operated by said eccentric or
cam for the purposes and in the manner here-
inafter stated. ~

The vacuum-chamber A is connected to the

crank-chamber B by passages B’ B?, and in
the passage B’ is a valve 0, in the form of a
check-valve, opening outward from the vac-
num-chamber, and an extension of the pas-

sage B? forms a discharge for the air and is

controlled by a valve 0. _
As the parts so far described are operative

with greater or less efficiency without the use

of the regulator or governor, we will now de-
seribe their mode of operation and afterward

set, Torth the construction and arrangement

of the governor, which is preferably used with
the engine for the sake of economy, regular-
ity, and efficiency of operation, although, as
before stated, the engine will operate with-
out such a regulator.

Assuming the parts to be in the position
shown inthe drawings, with the burned gases
of the previous explosion exhausted, the up-
ward movement of the
exhaust-ports d and the valve a will be closed
by the ecam or eccentric and connection, and
as the piston rises, carrying the valve or ex-
tension E2, the ports e will come 1n commu-
nication with the passage G?, permitting the
explosive gases to enter the ¢ylinder through
said ports e and the ports ¢', which are at this
time just below the upper end of the cylin-
der, it being understood, of course, that the
explosive gases are under pressure and are
forced in that way or are drawn in by the
vacuum previously produced in the cylinder
or by both forces combined. We would re-
marlk, however, that the vacuum 18 the pre-
ferred means for charging the chamber and
is sufficient in itself to accomplish the result
satisfactorily.

As the piston advances initsupward move-
ment it compresses the explosive mixture in
the upper portion of the cylinder until the
piston reachesitsextreme upward movement,
when the gases are exploded by some suit-
able means, as by an igniter I, which may be
of any well-known character, and the piston
is foreibly returned to the position indicated

valve b'.

piston K will close the

in the drawings. Meanwhile, as the piston
E has been rising a partial vacuum has been
formed in the chambers A and B, the air from
the chamber A being drawn through the pas-
sages B’ B* into the vacuum crank-chamber
B, the check-valve b rising and the check-
valve b’ of course being closed. As soon as
the piston reaches its upper limit of motion
{he check-valve D is seated, and as the piston

! returns to its lower position any air above at-

mospheric pressure in the crank-chamber 18
expelled through the passage B? and check-
As the piston approaches its lower
position the exhaust-ports d are opened and
the burned gases rush out through the pas-
sages d' d? by their own elasticity, and as they
come in contact with the cool pipes and walls
of the chamber D? they are condensed, and
this tends, further, to aid in exhausting the
burned gases from the cylinder. In order,
however, to insure the most practically com-
plete exhaustion of the gases, the valve ¢ 18
opened at the proper time by the eccentric or
cam, so that the partial vacuum in the vacu-
am-chamber A operates directly upon the re-
maining gases in the cylinder D to exhaust
them, the valve b of course being closed by
the vacuum, so that by the time that the pis-
ton B commences to rise again to close the
exhaust-port the burned gases are substan-
tially exhausted from the explosion-chamber,
and there is a greater or less vacuum therein,
which, as before stated, will operate to draw
into the cylinder the explosive mixture as
soon as the ports controlling the admission of
thismixture are in properposition. Thegases
which have been drawn into the passage d*
and chamber D? are further condensed by the

water-jacket and may run out of the cham-

ber through the valve v’ into the passage D*

and be discharged therefrom ready for the
next operation.

From this explanation it will be seen that
we are enabled to exhaust the eylinder of the
burned products of combustion, and that this
is accomplished by the vacuum produced in
the operation of the engine,.and that it may
be further aided by utilizing the pressure of
the burned gases themselves and the con-
densation of a portion of them, so that the

oreatest economy is effected in the operation

of the machine. It will further be seen that
the valve is so arranged that a fresh charge
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of explosive gases will not be admitted until

the cylinder is exhausted and the exhaust-
ports closed, and there is no danger of mix-
ing the explosive gases with the burned prod-
ucts of combustion of a previous charge.

It will be further seen that the vacuum
produced by the operation of the engine ex-

hausts the burned gases from the cylinder and

also draws in the fresh gases to form the ex-
plosive charge, and that this 18 accomplished
solely by the vacuum or by the aid of the
burned gases themselves,which are condensec
in the manner set forth. ‘While the con-
struction set forth is well adapted to carry
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out this mode (Jf,Ope1*-*;’1,-1314[:)11j _it_jg evident that L‘

1t can be carried out in other constructions
and arrangements of |
tion is not limited in this respect to the con-
struction set forth. | |

1t 1s well known that it is desirable to COon-

trol the amount of charge of the explosive

mixture admitted to an en gine in accordance
with the work done, the speed of rotation,
or otherwise, and in order to produce the
most efficient results some form of governor
or regulator must be used, and while many
have been suggested we have made a simple,
cheap, and efficient one, which is positive in

1ts operation and is accurately controlled in

accordance with the requirements of the en-

gine, and the parts are so arranged that they

arenot subject to derangement by the effects
- of the explosion, the regulating devices be-

ing so arranged that the products of combus-
tion donotcome in contact therewith. Thus,
as before stated, the tube E2 which is at.
tached to the piston in the construction
shown in Fig. 1, is provided with two sets of
ports ee’, arranged so as to permit the charge
to be delivered to the cylinder
time, and in order to regulate this charge in
accordance with the requirements we pro-
vide a regulator-valve H, which is shown as
being provided with ports 7, corresponding
to the ports ¢’ in the present instance, or, in
fact, they may correspond with the ports e, or
with both, they being so arranged that when

the valve I isin its open position the inlet .
ports or passages of the engine will be com-

pletely open, but when the relative position
of the valve H and the valve or tube E?ig
changed the passage will be more or less
closed or throttled, in accordance with the
requirements. It will be evident that the
valve IT will accomplish this result whether
1t slides with relation to the valve T2 or ro-
tates, and as these valves are shown as pro-
vided with a number of ports it is evident
that a very accurate and delicate adjustment
can be accomplished by movin g one with re-
lation to the other, and we will now proceed
to describe the means shown
this result.

In the construction shown in Fig. 1 the
valve II isin the form of a cylinder, fitting
the inside of the tube or valve E* and has

~ ports /i, which normally coincide with the

55
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close the ports /» with relation to _
T'his rod I is provided with an arm I hav-

ports €', and the valve or cylinder I is ar-

ranged to move with the valve or tube Bz,
ribs or stops 2’ being shown to maintain the
parts in relative position. Mounted in the
cap 1s a rod ', which is squared or other-
wise arranged, as shown in Fig. 4, so that it
will rotate the cylinder or valve IT to open or
the ports e’

Ing a bifurcated end A% and this extends out

laterally from the rod, as shown.

A governor J, which may be of any well-
known form, (being typically shown,) is
mounted on the side of the engine and con-

parts, and our inven-

‘movement of the piston, itse

at the proper

‘seen that the main

to accomplish

nected with some moving part thereof, and

the sliding rod J' thereof is provided with lips
or stops j, which engage
mounted at I, one arm of which, %, en TALeSs
the bifurcated end 72 of the arm =2
thus be seen that in accordance with the po-

a lever K, pivotally

FAS,

It will

sition of the balls of the governor J, the shaft

or rod II' will be turned more or less through
the medium of the lever K and the arm H->,
and this will rotate the valve H in accordance
therewith, opening or closing the inlet-ports
of the engine.
II’, and of course moves with it in accordance
with all its variations, but the effective move-

ment, which really controls the inlet-charge,

takes place at the moment the ports e corre-
spond with the passage G?, and this, it will

be seen, is practically at the medium time be-

tween two successive explosions, and thus,
although the valve II may move more or less
and vary its position at different points of the
fective and con-
trolling point is practically the mean between
the successive explosions, and this we have
found is a desirable relation in accomplishing
the even and uniform operation of the engine.
- In Figs. 5, 6, and’ 7 we have illustrated a
modified arrangement for operating the same
governor or regulator, and in this it will be
- principles are the same,
although the details vary. In this instance
the tube E® has but one set of ports ¢® and
the charge is admitted through the body of
the tube, and the valve II has its ports & COr-
responding therewith, and it slides on the rod
Il’, as before, and is practically identical with
the construction shown in connection with
Fig. 1. Instead, however, of having a single

arm attached to the end of the rod H' we af-

tach a double arm H® and the governor J is
arranged substantially as before and is con-

/5

The valve H slides on the rod
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nected with the lever K, the arm % of which |

Impinges against the end A2 of the lever H2.
Connected to some moving part of the en-
gine—as, for instance, the shaft C'—by means
of an eccentric and a rod Lis a lever L/, which
in turn is connected to a rod I.2, sliding in
brackets L? on the cap F, and this rod is pro-

vided with a tip [, having an inclined side or

edge, as clearly shown in Fig. 7. It will thus
be seen that at each rotation of the shaft the

inclined plane I is reciprocated, and being

arranged in relation to the.end /it of the lever
H? it will foreibly move the lever, causing the
shaft H' to rotate to open or close the ports A
of the valve H with relation to the ports e of
the valve K2 | |

The lever H?® is under stress of a sprino IT4,
o 3

which tends to maintain the end A®of the le-
ver in contact with the end % of the lever K,

the position of which, as before stated, is con-
trolled by the governor J. | '
It will thus be seen that at each rotation of
the shaft or reciprocation of the arm I? the
inclined surface thereof as it rises forces the
lever I’ to move to a certain definite point in
one direction, but its movement in the OpPo-
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site direction is controlled by the governor J,

through the medium of the lever K, acting on

the other end N2 of the lever H3, and of course.
it will be seen that the ports are opened to a

oreater or less extent, controlled by the posi-
tion of the governor J. In other words, the
governorJ controls themovement of the valve
in one direction only, it being positively

moved toa certain position by the inelined or
wedge-shaped rod 1?7 at each rotation. Itwill.

thus be seen that in both constructions the
regulating-valve H is moved with relation to

the controlling-valve E* to open and close its

~ ports in substantially the same manner, the
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extent of its movement being controlled by

the governor, but in one instance its move-

ments are positively controlled by the gov-
ernor in both directions, while in the.other 1t
is positively controlled by the governor in one
direction -only, and from this 1t will be seen
that the invention is not limited to the pre-
cise construction and arrangement of parts in
carrying out the principle of operation.
What we claim is—

1. In a gas-engine, the combination of the

cylinder wherein the charge is induced by

means of a vacuum created therein, the pis-:
ton, and inlet and outlet ports, a vacuum-

chamber, connections between the vacuum-
chamber and the outlet-ports of the cylinder,
a vacuum crank-chamber, and connections
between the vacuum-chamber and the crank-
chamber, valves in the latter connections, a
valve in the connections between the vacuum-
chamber and outlet-ports, and means for clos-
ing this valve on the upward stroke of the
piston and opening the same as the piston ap-
proaches its lower position, substantially as
described.

2. Inagas-engine, the combination with the

cylinder, the piston and the inlet and outlet

ports controlled by the piston, of a vacuum

crank-chamber into which the piston moves,
a vacuum-chamber connected to the vacuum
crank-chamber, connections between the vac-
uum-chamber and the outlet-ports of the cyl-

p | | 584,282

inder, and valves controlling the connections
of the vacuum-chamber, substantially as de-
seribed. | |

3. In a gas-engine the combination with the
tube E2, forming theinlet-port, of the valve I,
controlling said port and arranged to move
with the tube without independent longitudi-

nal movement, a rod for turning the valve

and means for moving the rod in accordance
with the speed of the engine, substantially as
described. | |

4. Inagas-engine, aregulating device com-
prising a hollow valve having ports, a valve
I moving with said hollow valve without in-
dependent longitudinal movement and also
having corresponding ports, a rod for turning
the said latter valve, an arm for operating the
rod, and means connected to the arm and con-
trolled by the governor, substantially as de-
seribed.

5. In a gas-engine, a regulator comprising
two concentric valves having corresponding
supports and reciprocating together without
independent longitudinal movement, a rod

for turning one.of the valves relative to the

other, and means controlling the movement
of the rod in aceordance with the speed of the

engine.

6. In a gas-engine, a regulator comprising
two concentric valves having eorresponding
ports, a rod for moving one of the valves, an
arm conneected to the rod, means for moving
the arm positively in one direction at each ro-
tation of the shaft, and means controlled by
the speed of the rotation controlling the move-
ment of the armin the opposite direction, sub-

1 stantially as described.

In testimony whereof we have signed our
names to this specification in the presence of
two subseribing witnesses.

FRANZ BURGER.
HENRY M. WILLIAMS.

Witnesses:
WM. P. COOPER,
GEORGE K. TORRENCE.
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