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- UNITED STATES

PatenT OFFICE.

HURBERT C. BAKER, OF HARTFORD, CONNECTICUT.

GAS-ENGINE.

SPECIFICATION forming part of Lettérs Patent No. 580,444, dated April 13,1897.
Application filed July 9,1896. Serial No,598,679, (No model.) ’

Lo all whom it may concern:

Be it known that I, HURBERT C. BAKER, a
citizen of the United States, residing in Hart-
ford, in the county of Hartford and State of

5 Connecticut, have invented certain new and
useful Improvements in . Gas-Engines, of
which the following is a specification.

This invention appertains to gas-engines
of that class described in Ieftters Patent of

> the United States No. 563,249, granted to me
July 7, 1896, or more particularly to engines
of that class in which the power for driving
the piston is derived from the explosion, with-
in an explosion-chamber in the piston-cylin-

5 der, of asuitable explosive, such as a mixture.

_of air and naphtha or air and any suitable
liguid hydroearbon; and theinvention relates
more specifically tothe valve mechanism and
accessory devices for producing the explosive
mixture and for supplying said mixture to the
explosion-chamber of the piston-cylinder in
regulated quantities proportionate to the
work it is desired the engine shall .perform.

The gas-engine counstituting the subject-
matter of my present invention is somewhat
in the nature of an improvement upon the
gas-engine described in the patent referred
to, although certain details thereof are appli-
cable to gas-engines generally. _

One object of my present invention, in ad-
dition to that of producing an improved com-
pact and efficient gas-engine as a whole and
one which may be run at a high rate of speed
and develop the maximum amount of power
to a given quantity of gas consumed, is to

provide, in connection with explosion-cham-.

bers of a gas-engine cylinder, improved. lig-
uid-feeding and gas-distributing mechanism
embodying certain instrumentalities of a
novel charicter and whereby the so-called
‘‘explosive charges” may be supplied to the
piston - cylinder at definite intervals and
whereby the individual orsuccessive quanti-
ties of volatile liquid hydrocarbon going to
make up the successive explosive charges may
be arbitrarily increased or decreased during
the operation of the engine, to thereby regu-
late the explosive efficiencies of such charges.

A further objeet of the invention is to pro-
vide, in connection with a series of cylinders
and a governor of a gas-engine, a rotary lig-

50

uid-feed device having a series of reeiproca-

f

tive feeders or feed-pistons corresponding in
number to the number of engine-cylinders,
and to provide insfrumentalities controlled
by the speed of the governor for independ-
ently or successively nullifying the feeding
operation of such feeders when the engine
reaches or passes a predetermined speed limit,
also to provide means controlled by the rota-
tion of the feed device for periodically im-
parting inward and outward strokes to the
feed-pistons, to thereby draw in and expel a
predetermined quantity of liquid hydrocar-
bon at different points, respectively, in the
rotative movement of the feed-valve, and also
to provide means for arbitrarily increasing or
decreasing the effective strokes of the feed-
ers or feed-pistons, to thereby increase or de-
crease the quantity of liquid fed at each work-
ing stroke of said feeder or piston, as may be
required when using different kinds or grades
of liquid hydrocarbon for operating the en-
gine,

In the drawings accompanying and forming
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part of this specification, Figure 1 is a verti- -

cal longitudinal section, partly in elevation,
of a gas-engine embodying my present im-
provements, said section being taken in dot-
ted line ¢ «, Fig. 2, looking toward the right
hand in said figure.
viewof the engine as seen from the right hand
in Fig. 1, some parts thereof being removed
and other parts thereof being partly broken
away. Fig. 3 is a cross-sectional view of the
engine, taken in dotted line b b, Fig. 1, and

8o

Fig. 2 is a front end -

85

looking toward the right hand in said figure. .

Fig. 4 is a sectional side elevation of a por-
tion of the engine asseen from the right hand
in Fig. 2, said figure showing the liquid-feed
and gas-distribnting devices partially in see-
tion and also showing in elevation certain of
the instrumentalities which control the move-
ments of the liquid-feeders.
tional end elevation showing certain of the
elements illustrated in Fig. 4 as seen. from
the right hand in said figure, the diametrical
outline of the engine and a part of the engine-
frame being shown in dotted lines.
and 7 are side and end views, respectively, of
the shiftable cut-off device operable for nul-
lifying the operations,singly and successively,
of the liquid-feeders. Figs. 8, 9, and 10 are
sectional side views of certain of the instru-

Fig. 5 is a sec-
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mentalities which control the movements of

" the liquid-feeders, said figures showing, re-

10

spectively, three successively-advanced posi-
tions of the cut-off device or sleeve with re-
lation to the three feeder-actuating levers,
Fig. 8 showing the cut-off device in position
for nullifying the operation of one actuating-
lever and the feeder it operates, Fig. 9 show-
ing the cut-off device in position for nullify-
ing the operation of the two levers and their
respective feeders, and Fig. 10 showing said
cut-off device in position for nullifying the

- operation of the entire set of levers and their
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sition of the gas-distributing valve or engine- -
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respective feeders. Figs. 11, 12, and 13 are
cross-sectional views of the liquid-feed de-

vice, said Figs. 11, 12, and 13 being compan-

ion figures to Figs. 8, 9, and 10, respectively,

‘and showing, respectively, one, two, and three

liquid-feeders locked against operative move-
ment, as will be the case when the cut-off de-
vice and feeder-actuating levers are in the
positions shown in Figs. 8, 9, and 10, respec-
tively. Fig. 14 isa cross-sectional view, on a
relatively small scale, of a portion of the en-
gine, taken on a line corresponding with the
dotted line d d, Fig. 1,-and showing the po-

valve when the upper piston of the series is
near the end of its exhausting stroke and in
the position it occupies preparatory to the
admission of a charge to the combustion-

- chamber of this cylinder, this figure being in~
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tended to show the position of the distribut-
ing-valve immediately preceding the admis-
sion of an explosive charge to one of the cyl-
inders, in which position communication be-
tween the inlet and exhaust ports of the valve
and the port-passages of the cylinders is cut
off.  Fig. 141isthe first of a series of groups of
figures illustrating successive positions of the
distributing-valve or engine-valve and the
corresponding relative positions of one piston
during one ¢omplete rotation of the crank-
shaft of the engine, said groups of figures col-
lectively showing one complete reciprocation
of the piston, whereby a charge is drawn into
the explosion-chamber and compressed ready

‘to be subsequently fired. Fig: 15 is a sec-
tional side view of a portion of the engine,

said section being taken on a line correspond-
ingto the dotted line ¢ ¢, Fig. 14, and show-
ing a piston in the dead-stroke position when
the engine-valve is in the position shown in
Fig. 14. Fig. 16 is a cross - sectional view,
similar to Fig. 14, showing the distributing

“or engine valve advanced sufficiently to bring

its induction-port in communication with the
duct of the upper cylinder and the exhaust-
port thereof in communication with the duct
of the right-hand eylinder. In this position
of ‘the valye the upper eylinder is drawing
in the explosive charge and the products of
combustion are being exhausted from the
lower right-hand cylinder. Fig. 17 is a sec-
tional side view, similar to Fig. 15, showing
the relative positions of the piston when the

~valye is in the position shown in Fig. 16.

Fig. 18 is a cross-sectional view, similar to
Figs: 14 and 16, the engine-valve being ad-
vanced sufficiently to cut off communication
between the induction-port of the valve and
the ducts of the engine-cylinder, said valve
being shown in the position it occupies upon
inauguration of the pressing stroke of the
piston.  Fig. 19is a sectional side view, simi-
lar to Figs. 15and 17, showing the upper pis-
ton at.the forward end of its dead-stroke or
in the position it occupies when the valve is
in the position shown in Fig. 18. In this po-
sition of the piston the explosive charge  has
been drawn into the cylinder ready to be
compressed. Fig. 20isa cross-sectional view,
similar to Figs. 14, 16, and 18, showing the
valve advanced sufficiently to bring the in-

‘duction-port in communication with the lower

right-hand cylinder and its exhaust-port in
communication with-the lower left-hand cyl-
inder, communication between the valve and
upper cylinder being cutoff, this being the po-

sition of the valve during the operation of the:

explosive charge and during the explosion of
said charge. Fig. 21 is a sectional side view,
similar to Figs. 15,17, and 19, showing the pis-
ton in the position it oecupies when the valve
isin the position shown in Fig. 20and just pre-
paratory to the explosion of the compressed
charge contained in this cylinder. Fig.22is
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a cross-sectional view, on a relatively large |

scale, of a portion of the main body of the en-
gine, taken in a line corresponding with the
dotted line £ f, Figs. 1, 3, and 24, said figure
showing the means whereby airis admitted to
the valve-chest. Fig. 23isa planview, partly
in section, of the liquid-feeding and gas-dis-
tributing valve or devices. Fig. 24is a cross-
sectional view of aportion of the engine, taken
on a line corresponding to the dotted line g g,
Fig. 22. Figs. 25 and 26 are cross-sectional
views of the three-way valve which controls
the admission of air to the valve-chest. Figs.
27, 28, and 29 are siuiilar graphical diagrams
illustrating, in the ordeér of their enumeration,
three successive explosions of the explosive
charges in the threeccylinders and illustrat-
ing the relative alternating order of the ex-
plosions in said thrée cylinders, this group of
figures illustrating one cycle of explosions
alternately in the successive cylinders dur-
ing one and one-third of a rotation of the
crank-shaft of the engine. T

Similar characters designate like parts in
all the figures of the drawings.

For convenience the improvements or in-
strumentalities constituting the subject-mat-
ter of my present invention are shown and
described in connection with a gas-engine

100
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which in many respects is similar to the gas- -

engine described in the patent hereinbefore

referred to; and it is desired to state in this-

connection that any suitable liquid hydro-
carbon mixed with air for generatinga highly-
combustible gas or explosive mixture may be

-employed to operate the engine; and to en-

130

able the use of different kinds and qualities
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of liquid hydrocarbon without changing the
effective operation of the engine I have pro-
vided instrumentalities for arbitrarily chang-
ing with precision the quantity of liquid hy-
drocarboninthe explosive charges; according
to the grade, quality, or kind of liquid hydro-
carbon-it is desired used, as will be herein-
after fully described. ,

" Inthepreferred embodiment thereof shown
and. described the gas-engine has three cyl-
inders, which are designated by €', C? and
C3, respectively, and are equidistantly dis-
posed about and in parallelism with the main
or crank shaft D. It will be understood,
however, that any number of cylinders ar-
ranged in any suitable: manner may be em-
ployed within the scopes and limits of this
invention, although in most cases it is pref-
erable to employ three c¢ylinders, as shown in
the drawings. Therefore it is not desired to
limit this invention to any particular number
of cylinders or to the particular disposition
thereof. »

In the present instance the eylinders C', C?,
and % of the engine are shown integral
with the base of framework, (designated in a
general way by F.) This framework, which
may be of any suitable construction for car-
rying the stationary and working parts of the
engine, which preferably may be a one-piece
casting, comprises a suitable bed-plate 3, the
front and rear end walls 4 and 5, respectively,
and the main body portion 8, in which the
eylinders C', C? and C® are formed and in
which the parts of the :ylinders are located,
as will be understood by reference to Figs. 1,

2, and 3 of the drawings. :
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It will be understood that while it is desir-
able to cast the cylinders and framework to-
gether in one piece this construction may be
modified without departure from my present
invention. - -

Located in convenient relation to the three
cylinders €', C?, and C?is a valve-chest K/,
which is herein shown similar in a general
way to the valve-chest designated by the same
character in the patent hereinbefore referred
to, said valve-chest having a conical valve-
seat the axis of which is shown located in the
vertical plane of and parallel to the main
shaft D, Leading from the valve-chest E' are
three port-passages ¢', ¢% and ¢®, which com-
municate with the cylinders C', C% and C3,
respectively.

In the preferred form thereof herein shown
and described each cylinder has on its inte-
rior, near the rear end thereof, a perforated
flange f, which practically divides the cylin-
der into two communicating chambers—that
is, a piston-chamber and an explosion-cham-

ber—and also .affords a convenient means for-

disseminatingand thoroughly mixing the con-
stituents of the explosive charge before and
during the compression of the charge and
preparatory to the ignition and explosion of
said charge, which is a matter of considerable

importance in engines of this class, as it pre--

cludes the possibility of an -explosion of a
charge before its constituents are thoroughly
commingled. n

To prevent overheating of the cylinders
and valve-chest, a water-space 24 is formed
around said cylinders and valve-chest after
the usual manner of engine construction, and
a constant cireulation of water or other suit-
able fluid may be maintainéd in said space in
any usual or suitable manner.

The main shaft D of the engine, which will
for convenience be herein termed the *‘ crank-
shaft,” is shown journaled at its front and
rear ends in suitable bearings 9 and 9’ on the
front and rear walls 4 and 5 of the engine-
frame, as shown most clearly in Fig. 1 of the
drawings. This shaft is shown located in
horizontal parallelism with the axis of and
midway between the three cylinders C', C?,
and C% respectively, and is provided at its
forward end with a crank 12, which is con-

nected by a universal actuator with the pis--

tons of the eylinders C', C? and C® as will be
hereinafter described. ’

The general construction and operation of
the piston mechanism—to wit, the pistons,
crank-shaft, crank-shaft actuator, and con-
nections—may be similar to that of like parts
described in the patent hereinbefore referred
to. .

The pistons (designated by G', G* and G?,
respectively) of the cylinders C', C% and C3,
respectively, are each shown tubular and
open at the forward end thereof. The pis-
ton-rods (designated by ¢', g%, and g? respect-
ively) are each shown provided with balls 26
and 26', one at each end thereof, the ball 26
of which is seated for universal movement in
a ball-socket 25, located upon the interior of
the piston near the middle portion thereof,
and the ball 26’ of which is seated for uni-
versal movement in a ball-socket 27, formed
in the outer end of a radially-disposed arm
28 of the erank-actuator, which actuator is
supported and connected to the crank 12 of
the crank-shaft D to have a universal oscil-
latory movement.

- As a convenient méans for supporting the
oscillatory crank-shaft actuator in operative
relation with the three pistons G', G* and G3
and to permit a free universal movement
thereof this actuator is shown comprising two
members, (designated in a general way by I
and K, respectively,) one of which members,
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as K, is pivotally supported, as at 32 and 32/,

in suitable bearings on the frame of the en-
gine with its axis in a horizontal plane at
right angles to and in alinement with the axis
of the main shaft D, and the other of which
members, as H, is pivotally supported on the
member X with its axis of movement at
right angles, or substantially so, to the axis of
movement of said member K, the construc-
tion and organization of this actnator being
shown substantially the same as the construc-
tion .and organization of the actuator de-
scribed in the patent hereinbefore referred

125
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to, the member H being pivotally connected
at its inner end to the crank 12 of the main
shaft D of the engine, which erank is counter-
weighted for obvious reasons.

As a convenient and novel means for peri-
odically feeding successive definite quanti-
ties of liquid hydrocarbon to -a mixing con-
duit or chamber and mixing the same with
air to produce explosive charges of requisite
efficiencies and for distributing said explosive
charges to the several cylinders in proper
order, and as a means for arbitrarily regulat-
ing the feed independent of the operation of
the engine-governor and irrespective of the
speed of the engine, I have provided in op-
erative relation with the port-passages of the
several cylinders a so-called ‘‘liquid-feeding”
and ¢ gas-distributing” apparatus, which, in

. addition to the actuating and controlling
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mechanism therefor, comprises, practically,
two independent devices—to wit, a rotative
feed device embodying, preferably, a series of

independently-operable reciprocatory feed-

ers which are adjustable for regulating the
gquantity of the liquid fed, and a gas-distrib-
uting device in operative connection with the
feed device and adapted for controlling the
introduction of the explosive charges to the
several cylinders. = o

In the preferred form thereof shown in the
drawings the ligquid-feed deviece and gas-dis-
tributing device are in the nature. of a uni-
tary apparatus and may be hereinafter re-
ferred to collectively as the ‘‘feeding and
distributing apparatus ” or *‘ feeding and-dis-
tributing valve” and independently as the

‘“liquid-feed device” and *‘gas-distributing
.device,” respectively. It will be obvious,

however, that the construction and general
organization of the feed deviece and distribut-
ing device might be variously modified with-
out departure from this invention.

The feeding and distributing apparatus in
the preferred form thereof shown in the draw-
ings comprises a rotative axially-recessed
valve member (designated in a general way
by E) which is shown in the nature of a plug-
valve situated in a valve-chest B, havingan
axially-bored stem 20, which is journaled in
suitable bearings on the framework of the
engine, said valve also having an inlet-port
15 and an exhaust-port 16 in position for pe-

riodically communicatingin alternating order-

with the port-passages ¢, ¢, and ¢® of the
piston-cylinders €', C*, and C* during the ro-
tation of said valve member, one or more
{(herein shown as three) liqguid-feeders or feed-
pistons (designated in a general way by €', €%,
and’ €3, respectively) carried by said valve
member, a liquid-duct P?, having its dis-
charge end in communication with a reser-
voir or liquid-chamber 40, which is shown as
a depression formed in the inner face of the
valve-chest.in juxtaposition to the path of
movement to the liquid-feeders and which
constitutes a reservoir for supplying liquid
‘to the pockets in which the feed-pistons work

during the operation of the e"ngine and for
holding a surplus of liquid over and above .

that required for one charge, means for actu-
ating the valve member, means for control-

70

ling the movements of the liquid-feeders, and -

means for supplying air to the valve-chest,

‘all of which will be hereinafter more fully
o 75

deseribed. ] )
In the preferred form thereof herein shown
the liquid-feeders ¢', €% and €® are in the na-
ture of piston-valves seated for reciprocatory
movement in radially-disposed pockets f', %,

and f3 formed in the valve member E, said.

pockets extending from the periphery of the

valve member to and communicating with

the axial opening in said member, as will be
understood by reference to Figs. 1 and 5 of
the drawings, said poc¢kets being located near
the outer end of the valve member in position
to communicate with an oil-reservoir and a

mixing-passage alternately. This oil-reser-.

voir is shown as a depression 40, formed in
the upper face of the inner face of the valve-
chest E' between said valve-chest and the
valve member E and in juxtaposition to the
path of movement of the oil-feeders ¢', €%
and € . ‘

As ameans for actuating the valve member

E direct from the crank-shaft D, to thereby .

establish communication between the inlet
and exhaust ports 15 and 16, respectively,
with the port-passages of the piston-cylinders
at therequisite time and in the orderrequired,
the erank-shaft D is furnished with a driving-
pinion 17, which meshes with a driven pinion
18, fixed to the wvalve-stem 20; the relative
size and arrangement of the two pinions be-
ing such that the valve will make one com-
plete rotation during two complete rotations
of the crank-shaft D and in an opposite di-
rection. '

As a means for holding the valve member

“E to its seat I have provided a resilient abut-

ment at the outer end of the valve-stem, which

“in the form shown is inthe nature of a spring

22, carried upon  a sleeve 23, secured to the
framework in axial alinement with the valve-
stem, which spring is shown located between
suitable washers 23’ and 23", one of which
bears against the end of the valve-stem and
the other of which bears against a flange on
said sleeve. Other means, however, may be

provided for effecting this end without de-.

parture from my present invention.

8o

8.5

90

95

100

165

I10

115

120

In the preferred form thereof hereinshown '
the valve member E, which, as before stated, -

is in the nature of a. rotary plug-valve,-is.

shown peripherally grooved, as at 13, to form
a circular gas-conduit or passage-way for con-
ducting the explosive mixture from the mix-
ing-chamber of the valve-chest to the inlet-
port of said valve. The inlet-port 15 of the

valve-chest, which is formed longitudinally’

125
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in the periphery of the valve member E, is -

open at one end to the circular gas-conduit
13, as shown most clearly in Fig. 23, and the

exhaust-port 16, which is open at.one end of
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the periphery of the valve member E, has its
outlet end preferably coincident with the axis
of the valve member and is open at this end
to an exhaust - chamber 14, located in the
valve-chest in advance of the inner end of
the valve member, as shown most clearly in
Figs. 1 and 22. . o

As a convenient means for obviating the
obnoxious noises iucident to the exhaust in
most engines of this class I have provided in
connection with the exhaust-chamber 14 of
the engine a so-called ‘“muffler-box,” (desig-
nated in a general way by M,) having a series
of communicating compartments (herein
shown as two compartments) 90 and 90/, sep-
arated from each other by an exhaust deflec-
tor or partition 92. One of said compart-
ments, as 90, is shown communicating with
the exhaust-chamber 14 of the valve-chest,
and the other of said compartments, as 90’,
is shown having anexhaust-conduit 93, lead-
ing to the outer atmosphere, as shown most
clearly in Figs. 1 and 22 of the drawings.
This deflecting-partition will in practice beof
such construction as to cause the exhaust
to traverse the entire length of the receiving-
compartment 90 before being admitted to the
exhaust-compartment 90’. The construetion
and organization of the parts of the muffler-
box may be variously modified without de-
Dbarture from this invention. )

In engines of this class it is frequently
highly advantageousin producin gthegaseous
explosive mixture to heat the air to a com-
paratively high degree before mixing the liq-
uid hydrocarbon therewith, and as a con-
venient means for supplying hot air to the
mixing-chamber of the valve-chest the muf-
fler-box is furnished with a hot-air com part-
ment 94, which surrounds the inlet and ex-
haust compartments 90 and 90’ by a partition
95, which constitutes the outside walls of the

muffler-box proper, separating the compart- |.

ments 90 and 90’ from the compartment 94.
This hot-air compartment 94 is shown having
an inlet 94’ near the exhaust.end of the muf.

- fler-box at one side of the partition 95, and has
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an outlet end near the opposite end of the
muffler-box, as shown most clearly in Fig. 22,
said outlet communicating with the mixing-
chamber or main air-passage 18', which is lo-

cated near the lower part of the valve-chest.

and intersects the path of movement of the
liguid-feederse’, e?, and e?, said air-passage ex-
tending horizontally to the opposite side of
the valve member and having a branch 13",
which ecommunicates with the circular pas-
member E, as will
be readily understood by comparison of Figs.
1, 4, 22, and 24 of the drawings. -
As a means for supplying air to the hot-air
compartment 94 a pipe or conduit 96 leads
from the inlet-opening 94’ of said compart-
ment to the interior of the engine-case, as
shown at 94", air being supplied to the inte-
rior of the engine-case through a screen 97 at

<t

one end of said case, as shown most clearly '

in Fig. 1.

As a convenient means for supplying mod-
erately cool air to the mixing-chamber of the
valve-chest B’ direct from the interior of the
engine-case I have provided, in connection
with the main air-passage 13’ of the valve-
chest and the conduit 96, which -leads from
the interior of the engine-case to the hot-air
compartment of the muffler-box, an air-sup-
ply pipe 98, and as a convenient means.for
cutting out one or the other supply-conduit
96 or 98, so that air may be supplied direct
from the interior of the engine-case to the
mixing-chamber of the valve-chest, or may
be supplied to said mixing-chamber from the
interior of the engine-case through the hot-
aircompartment 94, or may be partially sup-
plied to the mixing-chamber 13, both from
the engine-case direct and through the hot-
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air compartment 94, I have provided at the °

juncture of the two conduits 96 and 98 a three-
way valve, (designated in a general way by
B,) which is shown rotatably supported in a
suitable valve-case and has ports adapted for
communicating with the conduits 96 and 98
and with the interior of the engine-case, as
will be readily understood by a comparison
of Figs. 3, 22,25, and 26 of the drawings, the
ports of the valve being so disposed that the
conduit 98, which leads to the mixing-cham-
ber 13’ direct from the valve, may be cut off,
as shown in Fig. 22, thus insuring the deliv-
ery of hot air from the hot-air compartment
94 to the mixing-chamber 13, or the hot-air
compartment 94 may be cut off, as shown in
Fig. 25, thus supplying moderately cool air
from the engine-case direct to the mixing-
chamber 13', or both conduits 96 and 98 may
be partially cut off, as shown in Fig. 26, thus
supplying a mixture of moderately cool and
hot air to said mixing-chamber.

The provision of some suitable means—as,
for instance, means such as described—for
regulating the temperature of the air before
mixing the same with the liquid hydrocarbon
to produce the explosive charge is of mate-
rial importance in engines of the class speci-
fied, as air may be artificially heated by the
heated products of combustion, or the residu-
um of the explosive charges of the engine
may be conducted to the mixing-chamber of
the valve-chest when the engine is running in
anintensely cold atmosphere, thereby obviat-
ing the injurious cooling of the air-supply,
which would otherwise accrue from the low
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temperature of the engine-case or other ex- -

traneous causes.

As a means for automatically reciprocating

the liquid-feeders or feed-pistons ¢, e and e
to cause them to first draw in and then expel
liguid hydrocarbon at different predeter-
mined points, respectively, in the rotative
movement of the feeder-carrier or valve mem-
ber E, I have provided, in connection with
said feed-pistons, oscillatory actuators, (des-
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ignated by k', %%, and %%,) each of whieh is
shown in the nature of a lever pivoted at 50
substantially midway of the ends between the
adjacent walls of a groove 50, formed longi-

-tudinally in the periphery of the valve-stem

20, with which said lever rotates about the
axis of the valve member E. Theseactuating-
levers have their inner ends shiftably seated

in transverse slots or grooves 50" in the feed-

pistons and are oscillated to effect a recipro-
catory movement of the feed-pistons, prefer-
ably through the medium of the cam-face 52
of a shiftable sleeve or cut-off device O, which
surrounds the outer ends of said actuating-
Jevers, these outer ends:of the actuating-le-

- vers being normally held in contact with the
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cam-face 52 of the cut-off device or sleeve,
preferably by means of springs 53, bearing
against the under faces of the outer ends of
said actuating-levers, as shown most clearly
in Figs. 1 and 4 of the drawings. This cut-
off device is held as against rotative move-
ment with relation to the valve member E and
the cam-face 52 thereof, which effects the
working stroke of the feed-pistons and is so
constructed and so disposed with relation to

the reservoir 40 and the mixing-chamber 13’

of the valve-chest that an inward movement
of each feed-piston will be effected at that
point in the rotative movement of the valve
member when said piston is in juxtaposition
to the reservoir 40 and an outward movement
of said feed-piston will be effected when the
piston arrives in juxtaposition to the mixing-
chamber 13'.

By constructing the feed-pistons to have a
reciprocatory movement, as described, and
providing means for reciprocating said pis-

tons automatically it will be seen that each -
inward stroke of a piston will forcibly draw

ina charge of liquid when said feed-piston
arrives opposite the liquid-reservoir 40 -and
will forcibly expel this charge when said pis-
ton arrivés opposite the mixing-chamber of

‘the valve-chest, which is an improvement of

material advantage over liquid-feeding de-
vices of .ordinary ‘construction wherein the
liquid is fed to the mixing-chamber by its own
gravity through a regulated opening, asitin-
sures the feeding of the charges in predeter-
mined and absolutely precise quantities.

In engines of the class specified as hereto-
fore made considerable difficulty has been ex-
perienced from the non-provision of means
operable for arbitrarily regulating the quan-

" tity of the liquid charges and for arbitrarily
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also automatically reducing or increasing the
number of liquid charges admitted to the en-
gine eylinder or cylinders in a given length
of time; and it is one of the chief objects of
my presentinvention to provide means in'con-
nection with the liquid-feeders whereby the
working strokes of the liguid-feeders may be
arbitrarily inecreased or decreased, so as to
increase or decrease the quantities of liquid
fed at each reciprocation of a feeder, and also

to provide independent devices or instrumen-

f

‘talities, one of which is automatically con-

trolled by the governor of the engine and the
other of which is independently and arbi-
trarily operable, for nullifying the effective
operation of the lignid-feeders independently
and successively, as will be hereinafter more
fully described.

For the purpose of arbitrarily regulating
the working strokes of the feed-pistons €', &%,
and ¢, which, as before stated, are radially
disposed with Tespect to the axis of the valve
member E, T have provided a feed-stroke lim-
iter which in the form thereof herein shown
is in the nature of a rod 55, shiftably sup-
ported in the axial bore or recess of the valve-
stem 20 and has a conical working end, the

_axis of which intersects at right angles the

radial axes of movement of the feed-pistons,
the working end of ‘said feed-stroke.limiter
acting as a wedge-abutment for the ends of
the feed-pistons and will, when in position
between adjacent ends of the feed-pistons,
limit the inward strokes of said feed-pistons.
This feed-stroke limiter is shown connected
at its outer end to the free end of the depend-
ing crank-arm 56, carried on a rock-shaft 57,
which is journaled in suitable bearingsin the
engine-frame; and as a means for actuating
this rock-shaft to shift the feed-stroke limiter

-with relation to the feed-pistons said rock-

shaft is shown furnished near its outer end

which is connected, by means of a .connect-
ing-rod 58, to the erank-arm 59, fixed to the
hub of a bevel gear-wheel 60, carried on a

shaft 61, journaled in the engine-frame in ad-

vance of and above the rock-shaft 57, which
gear 60 meshes with a gear 60', journaled in
an arm 62 of a bracket Y on the frame of the
engine, and which gear 60’ is splined to the
longitudinal shiftable shaft 63, whieh is pro-
vided at its upper end with a hand-wheel 63,
by means of which said shaft may be turned
to rotate the gears, and, through the medium
of the connections described, shift the feed-
stroke limiter- longitudinally inward or out-
ward, as desired, with relation to the feeders.
This operating-shaft 63 may, as shown, be pro-
vided near its upper end with a pointer 64, co-
operating with:an indicator-dial 65 for indi-

cating the position of the feed-stroke limiter
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with an upwardly -extended crank-arm 58, -
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and the quantity of liquid fed at each work-

ing stroke of a feed-piston. )
Tt is desired to state in the above connec-
tion that the means for operating the feed-

stroke limiter may be materially modified

‘without departure from this invention.

For the purpose of automatically or arbi-
trarily nullifying the effective operations of

the feed-pistons the cut-off device O, which-

codperates with the feed-piston-actuating le-
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vers, and-which, as before stated, is in the na-.

ture of a sleeve shiftably supported for move-

T30

menf longitudinally upon ‘the valve-stem 20

and longitudinally of the feed-piston actu-
ators, has an internal offset or reducing por-
tion 52/, adapted for overriding the outer free
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ends of said actuators and to shift said ends
inward sufficiently to lock the feed-pistons in
theirextreme outward orineffective positions.

It will be seen by reference 1o Figs. 8 to 13,
inclusive, that when the cut-off device or
sleeve O is in the position shown in Fig. 8the
internal offset portion engages one of the feed-
piston-actuatinglevers, as %', which locks said
lever against movement and holds the feed-
piston ¢/, actuated by said lever, in the ex-
treme outward ineffective position shown in
Fig. 11. When said cut-off device is ad-
vanced to the position shown in Fig. 9, the
levers k&' and k* will be locked against move-
ment and the effective operations of the feed-
pistons ¢’ and ¢® will be nullified, and when
the cut-off device is further advanced to the
position shown in Fig. 10 the entire set of
feed-levers %', k% and % will be locked against
movement, and the effective operations of all
of the feed-pistons will be nullified.

As a means for shifting the cut-off device
or sleeve O to successively nullify the opera-
tions of the different liquid-feeders I have
provided, in connection with the crank-shaft
D, a shifting member which is shown in the
nature of a sleeve 70, having a depending-
arm 70’, which preferably has a yielding con-
nection with the cut-off sleeve O
beingshown shiftably engaging a pin 71, fixed
to ears 72 and 72', a spiral spring being in-

~ terposed between one of said ears and the arm
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70" and being adapted for cushioning the
thrust of said arm in case the sleeve meets
with an obstruction during its engagement.
This shifting member is shown normally held
in interlocking engagement with another
shiftable member 73, supported upon .the
crank-shaft D, and which member is opera-
tively connected with and is adapted to. be
operated by the governor, (designated in a
general way by R.) Thisgovernor R may be
of any suitable construction and be connected
to the shiftable member 73 in any suitable
manner for moving said member longitudi-
nally of the crank-shaft during variations in
the speed of the governor to thereby actuate
the shifting member 70 and nullify, through
the medium of the cut-off device, the opera-
tion of one or more liquid-feeders, as will be
understood by comparison of Figs. 1 and 4
and Figs. 6 to 13, inclusive, of the drawings.
It will therefore be seen that the cut-off de-
vice may be automatically actuated by the
governor of the engine to stop the effective
operation of one or more liquid-feeders, and
that the construction and organization of the
governor and the connections between the
cut-off device and governor will be such that
when the engine reaches a predetermined
speed limit said governor will immediately
act, to nullify the operation of one, two, or
all of the lignid-feeders, according to the ex-
cess of speed over and above the normal speed
limit of the engine.

As a means for arbitrarily stopping the ef-
fective feed operation of and for locking one

0, said arm’

or more liquid-feeders in an ineffective posi-
tion I have provided, in connection with the
shifting member 70, hand-operable instru-
mentalities which in the preferred form there-
of herein shown consists of a sleeve 75, fixed
to the operating-shaft 63, which constitutes
the primary actuator for the feed-stroke lim-
iter55,whichsleeveisshown splined in a bear-
ing on the arm 62’ of the bracket Y and is pro-
vided at the lower end thereof with a lateral-
projecting arm 75, to which is pivoted a pit-
man 76, which in turn is pivoted at its lower
end to an arm 77’ upon a rocking sleeve 77,
journaled upon the shaft 61, which sleeve has
a downwardly-projecting crank-arm 77", to
which is pivoted an operating-rod 78, the op-
posite end of which extends through an open-
ing in a flange 70" on the shifting member 70
and is furnished with a head 79, which. nor-
mally abuts against the inner face of said
flange when the operating-shaft 63 is elevated
foshift the cut-off device to the position shown
in Figs. 4 and 8 of the drawings.

By the construction and organization of the
cut-off -device-actuating instrumentalities
herein shown and described it will be seen
that the governor of the engine may operate
toshift the eut-off device tothe position shown
in Fig. 1 without interfering with the position
of thehand-operated instrumentalities, which
are operable for effecting the same end; that
the hand-operated instrumentalities may
have a movement entirely independent of the
movement of the governor, so that the hand-
operated instrumentalities may be set to stop
the effective operation of one or more liquid-
feeders, as when it is desirable to reduce the
normal speed of the engine, and that the gov-
ernor will be effective for stopping the opera-
tion of the remaining operative liquid-feed-
ers when the -engine has reached this prese-
lected speed limit, which is a matter of con-
siderable importance in engines of this class,
as it permits a change to be made in the nor-
mal speed limit of the engine arbitrarily and
at the same time renders the engine-governor
operable for stopping the engine when the
speed limit is reached or passed.

When it is desired to increase or decreasc
the working stroke of the feed-pistons to in-
crease or decrease the quantity of liquid in
each explosive charge, as is required when
nsing different kinds of liquid hydrocarbons,
it is simply necessary to impart a rotative
movement in one or the other direction to the
hand-wheel 63’ of the operating-shaft 63, and
when it is desired to arbitrarily nullify the
effective operation of one or more feeders it
is simply necessary to lift the operating-shaft
63, which will carry the sleeve 75 upward with
itand shiftthe cut-off device,as will be readily
understood by reference to Figs. 4 and 5 of the
drawings, the shaft 63 constituting a rotata-
bleactuatorforoperating the feed-stroke lim-
iter and the sleeve which is carried by said
shaft, but which is held as against rotative
movement, constituting a reciprocatory actu-
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ator for operating the cut-off device. This
reciprocatory actuator is setable at three dif-
ferent positions, and as a means for automat-
ically engaging and locking the sleeve in one
or the other of its positions I have provided
a spring-actuated detent 85, which is secured
to the interior of the bearing in which the
sleeve is seated and constitutes a feather
which extends into the keyway 95 of the
sleeve and locks said sleeve against rotative
movement relatively to its bearing, this de-
tent being in the nature of a spring having a
V-shaped head at its free end, which normally
engages in one or the other of the notches 96,
formed in the keyway of said sleeve, as shown
most clearly in Figs. 4 and 5 of the drawings,

A§ a convenient means for igniting the ex-
plosive charge in the explosion-chambers of
the cylinders T have provided in connection
with each cylinder a spark - producer con-
trolled by the retractive movement of the pis-
ton of said cylinder. This spark-producer,
which may be herein termed the “igniter,”
consists, in the preferred form thereof herein
shown, of two spark-producing members w
and w', one of which, as w, extends through
an insulating bearing secured in the explod-
ing end of the piston in position for engaging
the member w at the end of the retractive
stroke of the piston. The memberw is shown
having a bifurcated inner end, the prongs of
which will preferably be resilient and will be

. bent to form wipers for engaging the headed
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end of the member w’, as will be readily un-
derstood by reference to Fig. 1 of the draw-
ings. These members constitute the contact-
points or electrical terminals of a suitable
source of electrical supply, such as a battery
represented in' Fig. 1, and designated by W.
The member w has its terminal so constricted
that the headed end of the member w' will
engage between and have a rubbing contact
with said terminals just before it reaches the
end of its pressing stroke to thereby produce
a spark, said headed end of the mewmber '
being released by the spring terminals of the
member w when the piston arrives at the end
of its retractive stroke. ‘
Inasmuch as the general operation of the
several pistons of the engine and the valve

member E'is the same as that described in |

the patent hereinbefore referred to, and inas-
much asthe drawings and descriptions thereof
are sufficiently full and concise as to facili-
tate an understanding of the relative opera-
tions of the pistons by any one skilled in the
art, it is deemed unnecessary in my present
application to enter into a detail deseription
of the general operation of the engine. Dur-
ing the operation of the engine the liquid

_ hydroearbon is admitted through the supply-

65

pipe P%into the reservoir 40, where it-passes
to the liquid-feeders ¢/, ¢, and ¢® and is car-
ried around by the valve member E and de-
posited, charge by charge, at regular inter-
vals info the mixing-chamber 13’, where it is
mixed with the air introduced through the

\

hot-air or cool-air conduits, as hereinbefore
described, whence it is conducted to the eir-
cular passage of the valve member E and is
distributed by the induction-port 15 of said
member to the successive cylinders alter-
nately and at regular intervals during the
rotation of the valve member E, where it is
exploded at each compression movement of
each piston through the medium of the spark-
producing members w and w’, which effects
an impulse of the piston of said cylinder,
thereby rotating the crank-shaft D, one ex-
plosion taking place at every two-thirds of a
rotation of the crank-shaft, which will be more
fully understood by reference to the diagram-
matic Figs. 27, 28, and 29 of the drawings,
which figures represent, respectively, by dot-
ted lines s', s% and s® three successive posi-
tions of the crank 12 during three successive
explosions, and which figures represent, re-
spectively, by cross-section circles the alter-
nating order in which the explosions take
place. -

By a comparison of Figs. 14 to 21, inclusive,
and Figs. 27, 28, and 29 it will be seen that in
one cycle of operations, and correspondingly
in the suceessive cycles of operations, the gas
is first drawn in and then compressed and
then exploded in each cylinder, and that these
operations take place alternately with respect

to similar operations in other ¢ylinders—that

is to say, when the gas is being exploded in
the cylinder €' the products of combustion
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are being exhausted from cylinder C*and gas

is being drawn into cylinder C?; next, eylin-
der (' is being exhausted, the gas in cylinder
C? is being exploded, and the gas in cylinder
C?is being compressed ; next, the gasis being
drawn into cylinder C’, is being compressed
in eylinder C?, and is being exploded in cyl-

‘inder C3, dnd, next, gas is being compressed

in cylinder (', is being fired in cylinder C?,
and the products of combustionh are being
exhausted from cylinder C3. From this de-
scription of the alternating order of operation
of the successive pistons in the ¢ylinders it
will be apparent that the work is uniformly
distributed, and that the engine is well bal-
anced and will run with uniformity and with
little vibration. .

The working parts of the engine will be lu-
bricated in any suitable and usual manner,

‘Having described my invention, I claim—

1. A liquid-feed device comprising a rota-

.tive member having aseries of reciprocatory

liquid-feeders, combined with instrumentali-
ties for rotating said member and for auto-
matically reciprocating the liquid-feeders
during the rotation of said member.

2. In an éngine of the class specified, a lig-

.uid-feed device embodying a carrier and one
or more reciprocatory liquid-feeders, com- .

bined with means for operating the carrier
and embodying instrumentalities connected
to automatically and intermittently recipro-
cate the feeder or feeders. :

3. In an engine of the class specified, the
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combination with a liquid-conduit and with
a mixing-chamber, of a liquid-feed device
comprising a rotatable carrier and a series of
reciprocatory liquid-feeders carried by said
carrier in position to communicate with the
liquid-conduit of the mixing-chamber, alter-
nately; means for rotating said carrier; and
means organized and connected to automat-
ically impart inward and outward strokes to
said feeders at predetermined points in the
rotative movements of said carrier and to
thereby cause said feeders to draw in and
expel the liquid at different points in the ro-
tative movement of said carrier.

4. In an engine of the class specified, a liq-
uid-feeding device comprising a carrier and
a reciprocatory liquid-feeder, combined with
means for actuating the carrier; meansforau-
tomatically reciprocating said liquid-feeder;
and an arbitrarily-operable feed-stroke lim-
iter in operative relation with, and effective
for limiting the feed-stroke of, the liquid-
feeder.

5. The combination with an engine-cylin-
der having suitable port-passages in commnu-
nication with a valve-chest, and with an air-
supply and a liguid-supply; of liquid feeding

. and controlling mechanisms comprising a car-
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rier; a series of reciprocatory liquid-feeders
located on said earrier in operative relation
with the liquid and air supplies; actuating
mechanism forsaid carrier; and liquid-feeder-
actuating devices in operative connection

‘with, and effective for independen tly and au-

tomatically reciprocating, the liquid-feeders
at predetermined points in the movement of
the carrier, ‘

6. The combination with an engine-cylin-

der having suitable port-passages in commu-

cation with a valve-chest and with an air-sup-
ply and a liquid-supply, of liquid feeding.and
controlling mechanisms comprising a carrier
embodying a series of reciprocatory liquid-
feeders located in operative relation with the
liguid and air supplies; actuating mechanism
for said carrier; liguid-feeder-actuating de-
vices in opérative connection with, and ef-
fective for independently and automatically
reciprocating, the liquid-feeders at predeter-
mined points in the movement of the carrier;
and an arbitrarily-operable feed-stroke limi-
ter in operative relation with, and effective

forlimiting the effective strokes of, the liquid- |
feeders. ’
55

7. The combination with an engine-cylin-

der and with a valve-chest having a port-pas-

sage in eommunication with said cylinder and
with the piston, the main shaft, and the con-
nections between the piston and main shaft B
of a liquid-feeding and gas-distributing ap-
paratus comprising a valve member having
inlet and exhaust ports in position to commu.
nicate, alternately, with the port-passage; a

liquid-supply conduit and an air-supply pas-

sage communicating at different points, re-
spectively,with the interior of the valve-chest ;
means for actuating the valve member 5 ase-

ries of reciprocatoryliquid-feeders carried by
the valve member in position to communicate
with the liquid-supply conduit and ai r-supply
passage; and means controlled by the move-
ments of the valve member for automatically
effecting inward and outward strokes to the
liquid-feeders as they come in juxtaposition
with the liquid-conduit and air-supply pas-
sage, respectively, and thereby cause said
feeders to draw in and expel liquid at differ-
ent predetermined pointsin the movement of
the carrier. '

8. The combination with an engine-cylin-
der and a valve-chest having a port-passage
incommunication with said eylinder and with
the piston,the main shaft,and the connections
between the piston and main shaft; of a liquid-
feeding and gas-distributing apparatus com-
prising a valve member having inlet and ex-
haust ports in position to communicate, alter-

nately, with the port-passage; aliquid-supply

conduit and. an air-passage communicating
at different points, respectively, with the in-
terior of the valve-chest; means controlled
by the rotation of the main shaft for actuat-
ing the valve member; a reciprocatoryliquid-
feeder carried by the valve member in posi-
tion to communicate with the liquid-supply
conduit and air-supply passage, alternately;
means eontrolled by the movements of the
valve member for automatically effecting in-
ward and outward strokes of the liquid-feeder
as it eomes in juxtaposition with the liquid-

“conduit and air-supply passage, respectively;

and hand-operated instrumentalities embody-
ing a shiftable feed-stroke limiter in opera-
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tive relation with, and effective for limiting .

the working stroke of, the liquid-feeder.

9. In an engine of the class specified, a lig-
uid-feeding device comprising a carrier and
a series of reciprocatory liquid-feeders, in

combination with means for actuating the

carrier; actuating mechanism in connection
with, and effective for automatically recipro-
cating, the liquid-feeders; a shiftable feed-
stroke limiter in operative relation with, and
effective for limiting the working strokes of,
the liquid-feeder; means organized and con-
nected to arbitrarily actuate the feed-stroke
limiter; and a cut-off device operable for suc-

cessively nullifying the effective operations -

of the liguid-feeders. _
10. In an engine, the combination with a
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mainshaft, piston-cylinders, valve-chest com-

municating with said eylinders and with the
pistons and connections between said pistons

and main shaft; of a rotative valve member -

located in the valve-chest and geared tc the
mainshaftand havin ginlet and exhaust ports
adapted to communicate with the engine-cyl-
inders; aseriesof radially-disposed reciproca-

tory liquid-feed pistons carried by said valve

member; a series of oscillatory actuators, one
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in connection with each feed-piston; means -

effective on the rotation of the valve mem-

ber for automatically oscillating the feed-pis-

‘ton actuators to impart inward and outward
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" strokes to the feed-pistons at predeterinihed
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member; and liquid and air supply conduits
in operative relation with the feed-pistons.
11. The combination with an engine-valve
chest, of aliquid-feeding mechanism compris-
ing a feed-piston carrier; a feed-piston sup-
ported for reciprocatory movement in a feed-

pocket in said carrier; an oscillatory feed-

piston actuator supported on and movable
with said carrier and having the inner end
thereof in operative connection with the feed-

piston; a cam bearing against the outer face '

of the outer end of said feed-piston actuator
and effective on the movement of the carrier
for shifting said piston in one direction; a
spring bearing against the inner face of the
outer end of said actuator and normally ef-
fective for shifting the piston in the opposite
direction; and means for actuating the car-

- rier to automatically effect an inward and
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outward stroke of said piston at predeter-

~mined pointsin the movement of said carrier.

12. The combination with an engine-valve
chest, of aliquid-feeding mechanism compris-
ing a rotative feed-piston carrier; a series of
feed - pistons supported for reciprocatory
movements in radial feed-pockets in said car-
rier; an oscillatory feed-piston actuator ro-
tatable with said earrier and having the'in-
ner end thereof in operative connection with
the feed-pistons; a cam bearing against the
outer faces of the outer ends of said feed-
piston actuators and effective for shifting the

said pistons outward; springs bearing against '

the inner faces of the outér ends of said ac-
tuators and effective for shifting the pistons
inward; means for rotating the carrier,where-

by the pistons will have inward and outward
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movementsimparted to them at different pre-
determined points in the rotative movement
of the carrier; and independent instrumen-
talities. organized and connected to arbitra-

rily limit or nullify the working strokes of

the feed-pistons.

13. In an engine of the class specified, the |

combination with a piston-cylinder and with
a valve-chest having a liquid-conduit and an
air-supply passage, of aliquid-feeding device
embodying reciprocating liguid-feed pistons
operable for forcibly drawing liguid from the
oil-conduit and for forcibly discharging the
same into the air-passage-actuating mechan-
ism forthe feed device, embodying meanscon-
trolled by the movement of said feed device

for automatically imparting inward and out-

© ward strokesto the feed-pistons concurrently

6o
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with-the artrival of said pistons in juxtaposi-

" tion to the liguid-conduit and air-passage,

respectively.. - o,
14. In an engine of thé class specified, the
combination with a valve:chest, of an axially-

recessed valve member supported for rotative

movement in said chest and having a series of

radially-disposed piston-receiving pockets’

which: extend from:the axial opening to the

- “periphery of said valve member; a series of

~explosive mixture,
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7 i i:eciprocatory feed - pistons- located in said’
points in the rotative movement of the valve

pockets with their inner ends intersecting the
axial recess of the valve member; piston-actu-
ating levers pivotally connected to the valve
member and having their inner ends in en-
gagement with the feed-pistons; a sleeve hav-
ing a cam-face located in the path of rotative
movement of, and normally in bearing en-

gagement with the free outer ends of, the’

piston-actuating levers; means for. rotating’
the valve member, whereby a reeiprocatory

70

movement will be imparted to the feed-pis- . '

tons; a shiftable feed-stroke limiter extend-

ing into the axial recess of the valve member .

and operable forlimiting thle working strokes
of the pistons; and means for arbitrarily
shifting said feed-stroke limiter toward and
away from the ends of said pistons.

15. The combination with an engine-cylin-

‘der, a crank-shaft, and means for rotating

8o

8

said erank-shaft; of a combined liguid-feed- -

ing and gas-distributing apparatus compris-
ing a rotative valve member in geared con-
nection with the crank-shaft and havinginlet
and exhaust ports in position  for intermit-
tently communicating with the engine-cylin-
der; one or more radially-disposed recipro-’
catory liguid-feed pistons. carried by said

90
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valve member; means controlled by the rota- .

tion of the valve member for actuating the
feed-pistons;
with the liquid-feeders; and an air-supply in
operative relation with said feeders and: with
the induction-port of the valve member..

16. In an engine of the class specified, the
combination with the cylinder or cylinders
thereof; of an apparatus for generating an
which apparatus consists
of a liquid-supply conduit and an air-supply
conduit; a normally ‘continuously -rotative

~valve member; one or more radially-disposed

reciprocatory liquid-feeders carried by said
valve member; means connected to normally
rotate said valve member; and means con-
trolled by the rotation of said valve mem-
ber for automatically imparting inward and
outward working strokés to the liquid-feeder
at different predetermined points, respec-
tively,in the rotative movement.of said valve
member. : N o

~ 17.-In‘an engine of the class: specified, a
liguid-feed device comprisinga valve member
having a plurality of relatively independent

feed-piston pockets and a plurality of inde-

pendently -operable.feed - pistons supported
for reciprocatory inovements in said pockets,
in eombination with means for actuating the

_valve member; oscillatory devices controlled:

a liquid-supply in operation .
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by the movements of the valve member for -

actuating the pistons; hand-operated instru-

‘ mentalities for arbitrarily stopping the feed
- operation of one ormore of the pistons tore-~

duce the normal speed limit of the engine;
means controlled by the valve-member-actu-
ating means for avtomatically nullifying the
operations of others of the pistons when the
engine reaches its speed limit; and means for

t‘.3o
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arbitrarily changing the effective strokes of.

the feed-pistons.

18. In an engine of the class specified, a
valve member having a series of independ-
ently-operable reciprocatory liquid-feeders;
in combination with a series of actuating-le-
vers connected at their inner ends with said
feeder and having their outer ends located
one in advance of the other; a shiftable cut-
off device having a lever-locking portion and
adapted on the shifting movement of said
device for successively engaging and locking
the said levers in positions to prevent the ef-
fective operations of the successive feeders;
and shifting mechanism in connection with
said device.

19. In an engine of the elass specified, the
combination with the engine-cylinder, crank-
shaft, and actuating mechanism for said
crank-shaft; of a valve-chest; a valve mem-
ber rotatably ‘supported in said valve-chest
and having one or more radially-disposed liq-
uid-feeders; leversfor actuatingsaid feeders;

+ & cut-off device shiftably supported on the
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stem of the valve member and operable for
locking one or more of said levers against
movement; an engine-governor; means con-
trolled by the engine-governor forautomatic-
ally shifting the cut-off device to nullify the
operation of one or more of the liquid-feed-
ers; and hand-opérated instrumentalitiss or-
ganized and connected to shift the cut-off de-
vice independent of the movements by the
engine-governor,

20. The combination with the exhaust-port
of an engine-valve; of a muffler-box having
a series of communicating compartments, one
of which communicates with the exhaust-port
of the engine-valve and another of which has
an outlet or exhaust opening therein.

21. In an engine of the class specified, the
combination with a valve-chest and with the
exhaust-port of a valve member; of a muffler-
box having a series of relatively separated
communicating compartments, one of which
is in communication with the exhaust-port of
the valve memberand another of which hasan
outlet-opening; a hot-air compartment sur-
rounding said muffler-box and having an out-
let in communication with the valve-chest
and having an inlet-conduit; an independent
air-conduit communicating with the valve-
chest and valve; a three-way valve having
ports adapted to communicate with the inlet.
conduit of the hot-air compartment and with
the hot-air conduit of the valve-chest and
having another port adapted to communicate
with the interior of the engine-case, the con-
struction and organization of the valve being
such that the operation thereof may be ad-
mitted direct from the interior of the engine-
case to the valve-chest, or to the valve-chest
through the hot-air compartment, or from the

engine-case and hot-air compartment simul-
taneously. .

22. In an engine of the class specified, the
combination with the valve-chest and with the
exhaust-portof the engine-valve; of a muffler-
box in communication with the exhaust-port
and having a hot-air compartment surround-
ing the same; and a valve-controlled appara-
tus for arbitrarily conducting air direct from
the interior of the engine-case to the interior
of the valve-chest, or from the interior of the
engine-case to said valve-chest through the
hot -air compartment, substantially as de-
scribed. '

23. In an engine of the class specified, the
combination with the mixing-chamber ; of a
liquid-feeding and gas-distributing appara-
tus; of a hot-air compartment adapted to be
heated by the exhaust of the engine; and
means, substantially as described, for sup-
plying heated air from the hot-air compart-
ment, or from the engine-case, or from both,
arbitrarily, to the mixing-cham ber, or supply
air direct from the interior of said engine-case
to the mixing-chamber, or cool and hot air in
predetermined proportions, substantially as
described. :

24. The combination with the liquid-feed-
ers in an engine of the class specified and
with the shiftable feed-stroke limiter and
shiftable cut-off device in operative relation
with said feeders, of a reciprocatory device
and a rotative device having a common ac-
tuator and one of which is effective for oper-
ating the feed-stroke limiter and the other of
which is connected with, and is operable for
actuating, the cut-off device. '

25. The combination with the shiftable feed-
stroke limiter and with the shiftable cut-off
device in operative relation with the liquid-
feeders in an engine of the class specified, of
independent actuating devices therefor com-
prising two concentric rockable members,
one of which is supported by the other and
one of which is in operative connection with,
and is effective for shifting, the feed-stroke
limiter and the other of which isin operative
connection with, and is effective for shifting,
the cut-off device; gears for rocking one of
said members; an operating-shaft splined to
one of said gears and provided at the outer
end thereof with means for rotating and re-
ciprocating said shaft; a sleeve carried on
said shaft and having an arm in operative
connection with, and adapted for rocking, the
other of said members; a sleeve shiftable
longitudinally with the operating-shaft; and
a detent for holding the sleeve and shaft in
their longitudinally-adjusted positions.

HURBERT C. BAKER.

Witnesses: '

FrED. J. DoLE,
HEATH SUTHERLAND.
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