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To all whom it may concern:
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citizen of the United States, residing at Hart-
ford, in the county’ of Hartford and State of

Connecticut, have invented certain new and |

useful Improvements in Gas - Engines, of
which the following is a specification.
This invention relates to gas-engines of
that class in which the power for driving the
piston is derived from the explosion within

the piston-eylinder of a suitable combustible |

mixture—such, for instance, as a mixture of

“alr and the vapor of naphtha or other volatile

liquid hydroearbon. - _
One object of my present invention is fo

‘produce an improved, compact, durable, and

efficient engine of the class specified, and one
which will run at a high rate of speed and
develop the maximum amount of power for a
given quantity of gas consumed, and one
which will also operate with a relatively uni-
form rotative effect, with little noise, and with
a minimum amount of friction of the working
parts. - R

Another object of my invention is to pro-.
vide, in connection with the gas-engine, im-

proved means for the -automatic production

of the gas or combustible mixture in quanti-
ties proportioned to the work performed by
the engine, and whereby the supply of gas—

~which in this engine is carried to and is ex-

ploded in the piston cylinder or eylinders—

- 18 automatically decreased and increased in

proportion to the ineréase and deecrease, re-
spectively, in the speed of the engine ‘when
sald engine is running below its speed limit,
and is automatically shut off when the engine

-reaches 1ts speed limit. : _- |
Another- objeet of my invention is te fur- |

nish an improved gas-engine having a series

of cylinders equidistantly disposed about a |

crank-shaft, with their axes parallel to each

- other and to said erank-shaft, and having

pistons operatively connected with the erank-

~shaft by means of a universally-oscillating.
connector or compound lever, and having

improved means for producing the explosive
mixture and introducing the same into the
exploding ends of the successive cylinders
alternately, and also having improved ignit-

|

| ] a'lterna,tely_ igniting the explosive mixtures
Be 1t known that I, HuUrBERT C. BAKER, a | |

in the successive cylinders.

Another object of my invention is to so

construet’ and organize the several coopera-
tive mechanisms of the gas-engine that each
piston will have a double reciprocation be-

+ tween each explosion, and will have an action

in alternating relation with the other pistons,

and whereby the explosive mixture will be.
Adirst drawn into the exploding-chamber by
‘one forward stroke of the piston, will then

be compressed by a backward stroke of the
piston, after which the .igniting - mechanism

| -will operate to explode the compressed com-
bustible mixture, which will drive the piston

forward, after which the produects of com-

bustion are exhausted upon the next back-

ward stroke of said piston. |
- Another. object of my invention is to fur-

53

60
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nish improved valve mechanism directly ac-

tuated by the crank-shaft for properly con-
trolling and timing the induction of the ex-

plosive mixture to the combustion-chambers
| of-the several cylinders, and for controlling

and . timing the exhaust of the products of

1 combustion, so that the piston will, in point -
of time, have effective operations alternately.

~ In the preferred embodiment of my inven-
tion herein shown and described the gas-en-
gine comprises, in part, a suitable bed or
framework; a crank-shaftjournaled for rota-
tion in suitable bearing in said bed; one or
more cylinders substantiallyin axial parallel-

ism with the crank-shaft; one ormore pistons

operatively connected with the crank-shaft
by means of a reciprocatory connector; an
induction and eduction port communicating
with each cylinder;- gas producing and con-
trolling mechanism embodying a rotative

75

30
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feed-valve actuated by the erank-shaft, and
a governor controlled by the speed of the

crank-shaft and having means for effecting a
variation in the feeding capacity of the valve
1n proportion to the speed of the crank-shaft;
a rotative engine-valve driven from the

crank-shaft, and adapted for controlling the
induction of the gaseous mixture to each cyl-

95

inder, and also for controlling the exhaust;

and igniting apparatus controlled by the

100

I | crank-shatt for igniting the gaseous mixture
INg- means controlied by the crank-shaft f_Or"l in each eylinder to effect an explosion of the

.....
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- ward the right hand in said figure.
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same at the required time and cause the pis-
ton to move forward, all substantially as here-
inafter described, and more par tleula,rly set
forth in the clalms

Inthe drawings accompan} ing and formmﬂ'
part of this speclﬁc_a,tlon qure 1 is a sec-

tional side elevation of the _gas-'-engine, sald

section being taken on the longitudinal line
drawn through the center of the engine.
IFig. 2 18 a sectional end view of the engine,
taken in dotted line b b, Fig. 1, looking to-
Fig. 3 is
an end view of the engine as seen from the
right hand in Fig. 2, a portion of the hood or
end casing being broken away. Fig. 4 isa

“cross-sectional view of the gas-engine, taken
in dotted line ¢ ¢, Fig. 1, and looking toward

the right hand in said figure, parts thereof
being broken away to more clearly show the
relations of the inlet and outlet passages of

- the eylinders and the induction and exhaust

30

~exhaust-port of said valve is in communieca--
‘tion with, and the products of combustion are
being ‘exhausted from, the lower right-hand |

35

ports of the engine-valve. Fig. 5 1s a cross-
sectional view, on a relatively small scale, of

d d, Fig. 1, and shows the position of the en-

gine-valve on the explosion of the mixture in
the upper cylinder, in which position the in-

duction-port of the valve is in communication
with, and explosive mixture is being drawn
mto, the lower left-hand cylinder, and the

cyliﬂder. Kig. 5 1s the first one of a series of

groups of figuresillustrating successive posi- |
tions of the ¢ engine-valve and the relative po-
sitions of two plStOIIS during two complete |

rotations of the crank-shaft or one complete

- cycleof movements of the engine-valve. Kig.

40
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61s a vertical longitudinal section of a portion

of the engine, taken 1n dotted line ¢ ¢, Fig. 5,

looking toward thelefthand in said ﬁgu re, and

shows the upper and lower right-hand p1stons -

in the relative positions they oceupy when the

engine-valve is in the position shown in Fig.
- D.

Fig. 7 1s a sectional view similar to Fig.
5, showing the engine-valve advanced suffi-
ciently to bring its. exhaust:port into com-

‘munication with the upper cylinder and with
its induction-port in communication with the |
lower right-hand eylinder. -

of the valve the upper cylinder is being ex-

-~ hausted, the lower right-hand cylinder is

55

dmwmﬂ' in gaseous mixtures, and the mix-

ture which was drawn into the lower left-
hand cylinder on the preceding operatmn of

~ the valve 1s being compressed. Fig. S is a

6o

¢ylinder.

sectional view smular to Iig. 6, showing the
relative positions of the same plston when
the valve is in the position shown in Fig. 7.

Fig 9 is a cross-sectional view 51m11ar to
| Fws 5 and 7, showing the engine-valve ad-

Vanced Suﬁcienth to bring its induction-
port partly in comm umcatmn with the upper

~In this position

|

~a portion of the engine, taken in dotted line

In this position of the valve the |
upper cylinder is drawing in explosive mix-
ture, the lower right-hand cylinder is com-

dotted line
‘the right hand in sai_d figure.

pressing the mixture drawn into it on the

last preceding operation of the valve, and

the gaseous mixture which was compressed
in the lower left-hand cylinder on the last
preceding operatlon of the valve and cylin-
der-piston is being exploded.. -Fig. 10 is a
vertical section qmﬂar to Figs. 6 and 8, and
shows the relative positions of the fwo pis-
tons shown in Figs. 6 and 8 when the valve
is in the position shown in KFig. 9.

and 9, showing the next succeeding or third
p031t1011 of the engme—valve, and shows the
exhaust-port of the valve in commuhnication
with the lower left-hand cylinder and the
ports of the other eylinders closed. In this
position of the valve the piston of the upper
cylinder is on its return or backward stroke
and is compressing the gaseous mixture con-
tained in the exploding end of said eylinder,

while the gaseous.mixture compressed in the
lower right-hand c¢ylinder by the last preced-

ing 0perat10n of the piston of said eylinderis
bemn' exploded and the produects of combus-
tion in the lower left-hand cylinder are being

“exhausted. Fig.12isa vertical section simi-

lar to Figs. 6, 8 and 10, and shows the rela-
tive pomtlons of the two pistons shown in

‘said figures when the valve is in the position
Fig. 13 is a vertical longi-

shown in Fig. 11.
tudinal section of a portlon of theengine, on &
relatively large scale, showing the constmc-
tion and organization of the feed-valve, or

Fig. 11 1s
& cross-sectional view similar to Figs. 6, 7,

75
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what will be sometimes herein termed the

‘“ naphtha-valve,” said figure being intended
to 1llustrate thé arrangement and operation
of the feed-regulator..

Fw 14 is a cross-sec-

tional view, taken in dotted line 1 f, Fig. 13,
| looking Loward theleft hand in said figure an_d :
! showing a portion of the parts in the same

105

position shown in said Fig. 13. Fig. 16isa

sectional sideelevation of thevalve and feed-
regulator detached from the valve-chest, and

shows the feed-regulator in an intermediate

or middle position or in the position it oc-

110

~cupies when the engine is running at a

moderately high rate of speed, and the feed-

ing capacity of the valve is reduced as

compared with its capacity when the feed- -

regulator is in the position shown in Fig. 13.

Fig. 16 is a sectional side elevation similar
to F.ig-.- 15,0f the valve, ashowing the feed-regu-
lator in the position it ocecupies when the en-

115

120

gme ‘has reached its speed limit and the . °

egulator is in the position to cut off the sup-
| ply of liquid.  Fig. 17isasideelevation,ona

relatively large Scmle, of the engme-valve de- .

tached. Fig l3isan end view of said engine--1
valve as seen from the left hand in Flg 17.
| Fig. 19 isan end view of said engme-valve as

seen from the right hand in Fig. 17. Fig.20...

is a cross-sectional view of the engine-valve, ..
takenindotted linegg, Fig.17,looking toward

the left hand in said figure. Fig. 21 is a
cross-sectional view of said valve, taken in

130"

g g, Fig. 17, and looking toward
Fig. 221s a
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side view,- on a relativd'y large scale, of the

igniter or spark-producing device of the ig- |
‘nitton apparatus. Fig. 23 is a longitudinal
section of said igniter. = Fig. 24 is a cross- |
sectional view of said igniter, taken in line

h h, Fig. 22, looking toward the right hand
in said figure. Fig. 25 is a plan view of a

portion of the gas-engine as seen from above

in Kigs. 1, 2, and 3, said figure being intended
to 1llustrate the relative positions of the gas

producing and igniting apparatuses. Figs.

20, 27, and 28 are similar graphic diagrams,

I5

illustrating, in the order of their numeration,

~three suceessive explosions of the mixtures
in the three engine-cylinders, and illustrat-

ing the alternating order of explosions rela-

- tively to the three successive eylinders, the

group of figures illustrating one cycle of ex-

- plosions alternately in successive cylinders

- 20

30

35

40

45

‘air through such liquid h

during one and one-third of a revolution of
the crank-shaft of the engine. Fig. 29 is a
diagrammatic view illustrating ‘one form of

electric ignition apparatusin circuit withthe |

three cylinders of the gas-engine. Fig. 30 is

anend view of one form of revoluble commu-

tator or three-way switch as seen from the
left hand in Fig. 31. Fig. 381 is a side view
of 'saild three-way switch; and Fig. 32 is a
cross-sectional view of said three-way switch,
taken in dotted line 11, Fig. 31, and looking
toward the left hand in said figure.

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

As a preliminary to the general description,

construction, and mode of operation of the

several mechanisms of my improved gas-en-

gine, it is desired to state that, while I prefer

to use a mixture of naphtha and air for gen-

erating a highly-combustible gas for operat-

ing the engine, any suitable liguid hydrocar-
bon mixed with air may be employed for this
purpose. Kor instance, a combustible £as
may be generated for this
ydrocarbons as pe-
troleum, rock-oil, kerosol, rhigol, gasolene,
canodol, benzin, ligroine, petrolin, petro-
leum-ether, spirits of petroleum, &e., the

- volatile products of which, when mixed with

s

‘with air, generate an explosive

air, form explosive mixtures adapted for the

purposes of the present invention, and inas-

~much as all hydrocarbons which ean be em-

ployed for this purpose will, when mixed

e gas, this prod-
uct—which constitutes the explosive charge
for the cylinder or cylinders of the engine—

will, for convenience, be hereinafter referred

- to as “‘gas.” |

~ 1n shown and described, the gas-engine has
o

‘with the main or crank shaft,

In the preferred embodiment thereof here-
three cylinders,
C% and C3, respectively, which are equidis-
tantly disposed about and are in parallelism
| tdesignated
by D.) It will be understood, however, that

one or any suitable number of eylinders, ar- |

ranged in any suitable manner, may be em-

ployed within the scope and limits of my in- |

| portion 8 the cylinders C',

purpose by forcing

which are designated by C',

vention, although in most cases it is prefer-
able to employ three cylinders arranged as
shown in the drawings. - Therefore I do not
desire to limit

rangement thereof.

In the
of the engine are shown integral
with a base or framework. This framework
or base—which is designated in a general way
by ¥, and which may be of any suitable con-

struction for carrying the fixed and operative
parts of the engine—will preferably comprise

the bed-plate 3, the rear end wall 4, the two
side walls 5 and 6, which rear and end walls
are shown flanged at their upper ends, as at
7;and the main body portion 8, in which body
C?, and C® are
formed, and in which the ports of the cylin-
ders are located, as will be understood by ref-

| erence to Figs. 1 to 5, inclusive, of the draw-

ings.

It will be understood, that while it is desir-

able to cast the cylinder and framework in

‘one piece, the framework might be made in

several pieces bolted together, and the c¢ylin-
ders might be made separately and secured
to the framework in any suitable manner.
The main shaft D of the engine, which will
be herein termed ““ the crank-shaft,” is shown

| supported at its rear end in a suitable bear-

ing 9, formed in the rear wall 4 of the frame-

| work, and is shown supported at its forward

end in a bushing 10, secured in a bore in the
main body portion of the framework. This
shaft is preferably located in horizontal par-
allelism with the axes of, and midway between
the three cylinders €', C?, and €3, and is pro-
vided at its forward end with a erank 12, as
will be understood by reference to Kig. 1 of

‘the drawings.

- As a simple and convenient means for sup-
plying gasinregulated quantities,alternately,
to the three cylinders C', C2, and C3 at regu-
lar intervals, I have shown the engine pro-
vided with one engine-valve, (designated in a
general way by E,) which will preferably be
located in a valve-chest E' intermediate be-
tween two cylinders, and communicates with
sald three cylinders through port-passages ¢/,
¢?, and ¢, respectively; but it will-be obvious
that a separate valve might be employed in
direct communication with each cylinder. In
the preferred form thereof herein shown this
engine-valve E, which is in the nature of 3
rotary plug-valve; and which is seated for ro-

‘tation in the conical valve-chest E', is periph-

erally grooved slightly remote from its oppo-

8,

my invention toany particular
‘number of cylinders or to the particular ar-

: present instance, the cylinders C",-
| C¢ and C3

70
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80
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95

I00

105
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TX5

I20

125

site ends .thereof, to form, when said valveis

Seated in the valve-chest; a gas-supply cham-

ber 13 of considerable area near the rearward
end of said valve, and an exhaust-chamber
14 of considerable area.at the forward end of

said valve, ac will be readily understood by

reference to Fig. 1 of thedrawings.. By groov-
1ng the valve slightly remote from its oppo-

130

site ends;as described,cylindrical journals13'




q

and 14’ are fornied at the extreme end of the

 valve-body, which have bearings at the ex-
_treme ends of the valve-chest. The gas-sup-

I0

20

ply or inlet pipe P? leads into the supply-
chamber 13 or supply end of the valve-chest
E' from one side thereof, asshown most clearly
in Fig. 4, and exhaust-pipe P leads out from
the exhaust-chamber 14 orexhaust end of the

valve-chest at one side thereof, as shown in

said Fig. 4, and as will be hereinafter more

fully described.

At the requisite points in the periphery of

the engine-valve E are located the inlet and

exhaust ports 15 and 16, respectively, the in-
let port of which is open at one end to the

supply-chamber 13, and the exhaust-port of |-

which is open at one end thereof to the ex-
haust-chamber 14, as will be understood by
comparison of Figs.1 and 4. These ports 15

and 16 are in the nature of recesses of the

" requisite area formed longitudinally in the

30
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“eylinders at each two complete reciprocations
of the pistons of said cylinders. |

periphery of the valve. This valve K is ac-

through the medium of a driving-pinion 17,
fixed to said crank-shaft, which meshes with
a driven pinion 18, fixed to the rearward end
of the valve-stem 19, which valve-stem 18
seated in an elongated bearing 20 of a cap-

plate 21, fixed to the open end of the valve--

chest. _ _ .
- "As a means for keeping the plug-valve ¥
to its seat, the interior of the valve-stem

bearing 20 is enlarged at its inner end to re-
‘ceive a seating-spring 22, which is in the na-

ture of aspiral spring carried upon the valve-

stem. intermediate to the reduced outer end

of the bearing 20 and journal 13’ of the valve
E, said spring having a bearing at its outer
end against a washer 23, loosely mounted
upon the valve-stem 19, as will be understood.

- by reference to Fig. 1 of the drawings. This

valve is geared to the crank-shaft and timed

‘to make one complete rotation to every two

complete rotations of said shaft, and rotates.
in an opposite direction to the crank-shaft,
so as to supply gas alternately to ‘the three

To prevent overheating of the cylinders
and valve-chest, a water-space 24 is formed

- .. around said cylinders and valve-chest, atter
- -~ the usual manner of engine construction,-a:
- -eonstant circulation of water being main-

tained in the water-space around the cylin-

* 55 ders and valve-chest through the inlet and

outlet opening 24':in any suitable manner. -

" The pistons 6',-G* and G* of the cylinders

- ¢, % and (% respectively—which. pistons

-‘may be of anysuitable genoral construction—
are each shown tubular-and open at the for-:

6o

65

ward ends thereof; and each piston has an’

-adjustable ball-socket 25 in the forward face
of the piston-head thereof adapted torecéive
.a ball upon a piston-rod. - The ‘piston-rods-

{designated in a general way by ¢, g% and g°,-

respectively) are each shown provided with.a:

568,249

| balls 26 of which are seated for universal
movements in the ball-sockets 25 of the pis-
ton-head, and the balls 26’ of which are seated
for universal movements in ball-sockets 27,

formed in the outer end of the radially-dis-

posed arms 28 of the universally oscillatory
crank-shaft actuator or rock-beam, compris-
ing two members, (designated in a general

way by H and K, respectively;) the actuat-

70

75

ing member H of which has a stem 29, eon-

| centric to the centers of the ball-sockets 27,

and is connected ‘at its rearward end to the
crank 12 of the crank-shaft 1), as will be
readily understood by reference to Fig. 1 of
the drawings. |

As a novel and convenient means for sup-
porting the oscillatory actuator or rocking

| beam in operative relation with the longi-

tudinal axes of the three cylinders and at the
same time facilitate a free universal move-
ment or rocking beam of said actuator while

_ | preventing the same from turning, 1 have
tuated directly from the crank-shaft D

provided, in connection with the main actu-
ating member H, a universally-movable -car-
rying member, (designated in a general way
by K,) which, in the preferred form thereof

| herein shown, comprises four radially and

rectangularly disposed arms 30 and 30" and
| 31 and 31', the ones 30 and 30’ being normally
vertically disposed and having their outer
ends pivotally seated in bearings 32 and 32
upon the crank-shaft actuatorli,and the arms
‘31 and 31’ being horizontally disposed and

in fixed bearings 33 and 33’ upon the frame-
‘work of the engine, as will be readily under-
| stood by a-comparison of Figs. 1 and 3 of the
drawings. -~ '
- By ‘the construction and organization of
connecting and actuating mechanism between
the piston and crank-shaft I am enabled to
maintain a fixed operative relation between
the parts of said connection and effect a uni-
form movement of said parts with compara-
tively little lost motion. . .

As a convenient and
supplying liquid hydrocarbon to the engine,

| and also as a means for increasing and de-

creasing the quantity of the supply in pro-
portion to the speed of the engine, and for
cutting off the-supply when the engine has
reached its speed limit, I have provided, in
.connection with the induction-chamber of the

] engine-valve, a rotative supply-valve, which

will be herein termed the ‘‘ feed-valve ”? or

S0

go

95

100

_| having their outer ends pivotally. sapported -

105

IIO |

improved means for

115

120

‘the ““naphtha-valve,”-(designated in a gen-

‘eral way by L,) which feed-valve is actuated
‘directly upon the crank-shaft, as herein after
described, and in connection with said feed-

125

valve I have provided a regulating or feed-
valve-regulator apparatus, (designated in a -

‘general way by M,) which is controlled in its

operation by the movement of the crank-

Iating apparatus -it is desired to state that

_Befqre describing the construction and
‘modeiof ‘operation of the feed-valve and regu-

I30
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the working strokes of the pistons are rela- |

tively short as compared with the length of

-their cylinders and have their extreme back-

ward stroke terminated at points remote from
the inner end of the cylinders, so as to leave
a space of considerable area at the innerend
of said cylinders, as shown at 35, which spaces
constitute the explosion-chambers for the ex-
plosive charge. |

Briefly stated, the liquid hydrocarbon is

supplied to the feed-valve from a suitable

supply-pipe P? is carried around and depos-

1ted in the inlet-pipe P’ of the engine-valve.

E, where it is mixed with air introduced by
a suitable pipe P® in communication with the
pipe P, whence the gas generated by the
mixture of the gas and air is introduced
through the engine-valve into the port-pas-
sages ¢, ¢%, and ¢® alternately, and thence to
the exploding-chambers 35 of the piston-cyl-

- Inders C', (?, and C?, where said gas is com-

25

.

pressed, ignited, and exploded, in a ma,nner'

hereinafter more fully set forth.

- The naphtha or liquid supply apparatus,

in the preferred form- thereof herein shown
and- described, is located at one side of and

slightly above the engine-valve E, and com-

prises, in part, a rotative feed-valve L, seated
in a valve-case 36, which in this instance con-
stitutes a part of the framework of the engine:
gearing operatively connecting the valve L
and crank-shaft D, and adapted for rotating
sald valve and maintaining a predetermined

ratio of movement between the valve and.

crank-shaft; means for supplying liquid to
the valve, and means for supplying air to the
valve-case to effect a mixture between the

- liquid and air to generate the gas for operat-

40

55

ing the engine. This feed-valve, which is
preferably of the ‘‘plug-valve” variety, has
an axial recess, asat 36', at its inner end, and
also has a series of liquid receptacles or pock-
ets—herein shown as. three in number, and
designated by 37, 38, and 39, respectively—

~which pockets open to the periphery of the

valve and are shown extending radially to-
ward the center of said valve. .
The valve-case 36 is shown having a rela-

~ tively small reservoir-40 at the upper end
56

thereof, which has a funnel-shaped outlet 40,

with which the pockets o6f the valve L suec-
cessively register during the rotation of the

valve,and alsohasaninlet-opening 41 through
sald reservoir, through which opening the lig-

uid is introduced into the reservoir from the:

liquid-supply pipe P2. The valve-case 36 also

6o
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has at the lower side thereof an outlet-open--

ing 42, with which the pockets of the valve L
suceessively register, and into which outlet

sald pockets deposit their contents during

the rotation of the valve. Thisoutlet 42 prac-
tically constitutes the mixing-chamber for the

‘air and liquid; and communicates with the

air-supply pipe P3? and also communicates
with the engine-valve chest E' through the
gas-conduit P? as'will be readily understood

by a comparison of Figs. 1, 4,13, and 14 of
the drawings.

The feed-valve L, in the form thereof here-
in shown, has an axially-bored stem 43, which

extends through a bearing 44 on a cap 45, se-

cured to the open end of the feed-valve case
36, and has fixed to the outer end thereof a
spur-wheel 47, which meshes with the pinion

17 on the crank-shaft D. A spring 48 is in-

terposed between the valve L and the cap 45
for keeping the valve to its seat. |

As a convenient means for spreading the
liquid as it is delivered from the pockets of

the feed-valve L and for holding the liquid
near the axis of the volume of air as it passes
through the mixing - chamber in the feed-

75
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valve case, I have provided a liquid-spreader,

(designated in a gereral way by S,) which,
in the preferred form thereof herein shown,

‘18 in the nature of an angle-plate, and is se-

cured in the mixing - chamber of said case
with the free end thereof extending upward,
and terminating in the outlet-opening of said
valve-case in close proximity to the periphery
of the valve and with its angle substantially

in alinement with the axis of the air-supply.
The angle of the spreaderis preferablylooped.

or U-shaped, as shown at 49, to form a tem-
porary retainer for the liquid, and so as to
prevent said liquid dropping to the bottom of
the mixing-chamber before being acted upon
by the inflowing air. -
As a convenient means for automatically

regulating the supply of liquid, the feed-valve oo

i8 preferably provided with a regulator or
cut-off, (designated in a general way by P3,)
which constitutes one member of the feed-
regulating apparatus, and is adapted for in-

creasing and decreasing the capacities of the 105

liquid-receiving pockets 37, 38, and 39 of the
valve. This regulator, in the form thereof
herein shown, comprises a series of slides or
cut-off plugs 37°, 38', and 39', having a slid-

ing fit in the pockets 37, 38, and 39, respec- 110

tively—which pockets extend through, and
communicate with, the exterior and interior

Q0
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of the valve, as shown most clearly in Figs.

13 and 14, and a sliding actuating member
50 for the cut-off slide, which actuating mem-
ber consists, in the form thereof herein
shown, of a series of radially-disposed arms
51, 82, and 53, secured to an actuating-rod
o4, extending through the axial bore of the

115

......

valve-stem 43, and each of said arms 51, 52, 120

in which is seated a pin 56 at the lower end
of each cut-off slide, respectively, said cut-
off-slide actuator being guided in ifs move-

ments and held againstrotation preferablvby 125

means of an arm 57, seated in a longitudinal

guideway 58, formed in the interior of the

fecd-valve L. |
As a means for automatically operating

tuating-rod of the sliding actuating member

50 of said regulator is operatively connected

‘and 53 having a transverse eam-groove 55,

Y

L
=

“the cut-off slides of the regulator P?, the ae- 130
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' by means of a lever 59 with a 'reciprocatory

member 60, mounted upon the crank-shaft

P, which member constitutes a part of and

is operated by a governor (designated in a

5 general way by R) carried upon and rotaling
.. with the crank-shaft, which governor may

be of any suitable or usual construction for
automatically reciprocating the actuating-

rod of the regulator. - Thereciprocatory mem- |

ber of the governor is in the nature of a
sleeve fitted to said shaft, and has a periph-

“eral groove in which a pin 61 upon the free |

- end of theleverd9is seated. 'This lever 59is
pivotally carried near the middle portion

rz thereof upon a crank or efcentric 62 at the

 lower end of an actuating-rod 63, journaled

'in bearings on a bracket 64, which consti-

 tutes a part of the framework of the engine

20

and has a pivotal connection with the regu-
Jator-actuating rod 64.
tod 63 is provided at the upper end thereof

The lever-shifting

 with a hand-wheel 65, by means of which the
same fay be turned to shift the lever and to

30

reciprocate the cut-off-slide actuator.
- AS a means for holding the lever-shifting

~ rod 63 against accidental movement. about
. its axis, 1 have
~ detent 66, which normally engages in a notch

~in- 4 fixture on the bracket 64, as will be
readily understood by & comparison of Figs.’

provided a spring-actuated

- 1.and 2 of the drdwings. The inechanism
 here deseribed constitutes a means for start-

~ing and stopping the engine by hand. By
- operating said handle thie parts are actuated
35 1o reauce Lo e O
- feed-valve, and by thus shitting off the sup-
" ply of explosive the engine is allowed to come

to reduce to zero the feeding capacity of the

~ to.rest, and this action at once results, what-

_40

- The governor R, which may

when the handle is operated. -

~ ever may be the position of the governor

- -struction suitable for actuating the regulator
- PS5 comiprises, in the form thereof herein
shown, the cylindrical case 70, fixed to the

45

crank-shaft and having two outwardly-ex-

tending brackets 71, one at edch side of said

 crank-shaft; a bell-crank 72, pivotally car-

ried on each bracket and having itsinnerend

~ in enigagement with the reciprocatory mem-

50

ber 60; a ball 73, secured to each bell-crank
at the outer end thereof; and connecting-

springs 74 between the two balls. Tt will be-

 obvious that any form of governor adapted

S5

60

for actuating the regulator-feed may be em-
ployed, in lieu of the governor herein shown
and described, without departure from my
“invention. ' SR

“'As a convenient mmeans for igiiting the gas

" in the exploding-chambers of the cylinders

C/, C? and C?, alternately, and at the required
‘intervals, I have provided an ignition appa-
‘ratus, (designated in a general way by W,).
which, in the preferred. form thereof -herein

shown, comprises a series of igniters, (desig-

65

hated in a general way by M',) extendifig,

be Of any éoﬁ-'

one into the exploding-chamber. of . each cyl-

of said apparatus

‘may be variously modified.

| 4;* and a spa,r]_{-geilemting electrical appara-

tus having the terminals of its electrical cir-
cuit in connection with the igniter, and em-
bodying a cireuit maker and breaker (herein

70

shown as a three-way switch, designated by

N) which is controlled in its movements by

the rotation of
gine. o
In the preferred form thereof herein shown

the crank-shaft D of thé en-

75

the electrical apparatus for producing the

spark for exploding the gas in theseveral cyl-

inders of the engine, alternately, comprises

an alternating electrical circuit having a pair
of electrical conductors in engagement with
the spark-producing terminals 77 and 78 of
each igniter M’, a dynamo M2 for generating
the electrical current; a transformer M®in

‘said circuit; a condenser M*in said circuit;

a circuit maker and breaker N, herein shown
as a rotative three-way switch having a con-

‘tact-point 75 in position and adapted for suc-

30

cessively engaging thé alternately-arranged =

contact-points 76 of the branch conductor of

the electrical circuit which leads to the sue-

cessive igniters, and said contact-maker be-
ing adapted for alternately closing the short
circuits between the several igniters and the

switch at the requisite intervals; and means
| for actuating the dynamo and circuit maker
the crank-shaft D of the

and breaker from
engine. o -
As otie convenient means for detuating the

dynamo and circuit-breaker, the circuit- :
maker N is carried upon a counter-shaft 80, -
orted in suitable brackets upon the-

Supp
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framework of the erigine, which shaft carries -

a driving-pulley 81, connected. by a belt 52 to .

a driven wheel 83 upon the dynamo-shaft 84;

a spur-wheel 85, carried thereon, which

meshes with a pinion 17 upon the ¢rank-shaftt )
D, as will be understood by reference to Figs. -

1, 2, and 25 of the drawings.

It will be understood that where it is pref-

erable to employ the ignition apparatus, here-

in shown and described, for producing the ex-
plosions of the gas in thie several cylinders,

anysuitableapparatus might be employed for
this purpose, within the scope and limits of

| myinvention; and that while certain featiures
of said apparatas constitute subject-matter-
-of certain ¢laims herein, I do not desire to

"1

limit myself to the employment of any of the

specific elements of said electrical apparatus =
in connection with *he other specific features

of my present invention, a§ such elements

" The igniter M/, which is herein shown in

| the nature of a plug, and whichis fitted in the

§

combustion end of the cylinder, as illustrated
in Fig. 1, consists, in the preferred form there-

‘and said counter-shaft i§ rotated by meansof

120
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of (shown most clearly in Figs. 22, 23, and 24)

of an euter and inner-member 86 and 87, re-

spectively, the one 86 of “which will prefer-

ably be made of metal or other suitable con-
ducting material, will be externally screw-

inder, as shown most clearly in Figs.1 and | threaded to fit a screw-threaded hole formed

L r
. om 5 - »
. v
- . -
.
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“in the engine-cylinder, and will also

. the igniter is one of the spark-producing ter-
minals 78, which is secured therein; and se-
cured to the outer member 86 is the opposite

10
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L
_ _ have a
conical axial bore therethrough; and the in-

ner member 37 of which will prefcrably be
constructed of porcelain or non-conducting

material, will be fifted to the axial bore of
the outer member, and will have a longitudi-
nal recess through the center thereof. -

Extending through the inner member 87 of

spark-producing terminal 77. The spark-pro-
ducing terminal 78 is shown in the nature of a,

rod having a flange 78' near the inner end-
thereof, and having its outer end screw- |
threaded toreceivea nut 78", which hasabear-

- Ingagainstapiece of insulating material at the

20

20

- where it will be secured by soldering or braz-

35

forward end of the igniter, and is adapted to
draw the rod forward to bring the flange 78’

tightly against the inner end of the central

member 87, as will be herein understood by

reference to Figs. 22 and 23 of the drawings.
The inner spark-producing ends of the two

terminals will preferably be bent.inward to-

‘ward each other to bring the points thereof
- Into the requisite proximity to provide a
spark-gap 89 of the desired length. Thespark-

producing terminal 77 may, if desired, consti-
tute an integral part of the outer member 86;

but it is herein shown as an elongated plate

let into the periphery of said outer member,

ing. As represented by full and dotted lines
in Figs. 22 and 23, one of the conductors of
the electrical ecircuit is fixed directly to the
inner terminal 78, whereas a connection be-

- tween the other conductor of the electrical cir-

40

45.

50

- chamber simultaneously with the opening of

cuit is formed between the outer terminal 77

and said conductor by the cylinder-casing, the
conductor being secured- to a plug 90, which |
18 screwed into said casing. It will be obvi-

ous, however, that the two conductors might

be connected directly with two terminals, if-

desired. . - NI
The engine-valve E and the feed-valve 1.

are soorganized and timed in their movements

as to make one complete rotation every two

complete rotations of the erank-shaft; and the |

liquid-receiving pockets of the feed-valve are

so disposed as to successively deposit their:

contents upon the spreader .in-the mixing-

- the induction-port of the engine-valve to the

60

successiveinduction-passages of the cylinder.

During the operation of the engine, the
liguid hydrocarbon is admitted through the
supply-pipe P? into the reservoir 40, whence

it passes to the feed-valve L., and is carried
around and deposited, drop by drop, and at

regular intervals onto the liquid-spreader S |
in the mixing-chamber 42, where it is spread
and mixed with the air introduced through’

- the air-supply pipe P3, whence it is conducted

- to the engine-valve chest E', and is admitted
to the successive.cylinders alternately and |
~ ab regular intervals during the rotation of
the engine-valve E, where it is exploded

65

convenience, assume to be the ‘‘first”

through the mediuam: of the igni_tion apparatus
Wtodrive a piston and rotate the crank-shaft
D, which erank-shaft controls the operation

explosion taking place at every two-thirds of

a revolution of the crank-shaft, as will be
| more fully understood by reference to Figs. -

26, 27, and 28 of the drawings, which figures

‘represent, respectively, by dotted radial lines
k, k?, and &3, three successive positions of the

of the feed-valve L. and engine-valve E, one

75

crank 12 during three successive explosions

of the gas, the cross-sectioned circles ¢, %,
and C? in said Figs. 26, 27, and 28, respec-

tively, representing the alternating order of

8o

the explosions in the sucecessive cylinders C', |

C?, and C3. |

- For a'more particular understanding of the
-eycle of operations, reference is made to Figs.

o 1t0-12, inclusive, which represent four suc-
cessive ‘“quarter” positions of the engine-
valve K and two of the pistons of the engine.
The rotation of the erank 12 is divided into

four quarter ‘‘stages” or ““cyéles,” the dot-
‘ted lines'k, k', k?, and %® designating the four
| sucecessive positions of the crank when the

engine-valve E is in the four successive posi-

tions illustrated in Figs. 5, 7, 9, and 11, re-
spectively, the respective directions of move-

ment of the erank 12 and the valve E desig-

‘nated by the arrows J and J', respectively.

Referring to Figs. 5 and 6, which I may, for

tions of the crank, engine-valve, and pistons,

posi-
100

9o
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the crank is in a vertical position corre- .

sponding to the position shown in Fig. 26,
the engine-valve is closed to the port-passage

¢’y which leads to the cylinder C’, has its ex- .

‘haust-port open to the port-passage c?, which

]'05_

leads to the cylinder C? and has its induction-

port open to the port-passage c?, which leads

to-the eylinder C?, as shown in Fig. 5. In

‘this position of the valve E, the piston of the

cylinder C' is slightly remote from itsextreme

backward position ready to be foreced forward

by the explosion of the combustiblematerial

in the rear end of said cylinder, and the pis-
ton of cylinder C? is at the extreme forward.

position ready to exhaust the products of
combustion upon its backward movement.

When the valve E is in the position shown in

Fig. 5, the explosion in the cylinder ' will
take place, which will drive the piston in said

cylinder C’' to its extreme forward position,
(illustrated in F'ig. 8,) which forces the piston -

110

115

120

C® backward and exhausts the products of -

combustion contained in C?, and during this

been moved forward, which will cause gas to
be drawn into-said cylinder C3. |

Referring to Figs. 7 and 8, which illustrate

the ‘‘second” successive .positions of the

-crank 12 and valve E, the vaive E in this po-
| sition is closed to the port-passage of the cyl-
inder C3 has its exhaust-port gpen to the
cylinder C" and its induction-port open to
In this position of the valve, -

cylinder C2

- operation the piston of cylinder C? has also

rz5.

130 .

the products of combustion created by the

L
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cxpiosion of the gases in the preceding oper-
ation are exhausted from the cylinder C' by
the return or backward movement of the pis-
ton in said ecylinder, the cylinder (?is draw-
ing in gas by the action of the piston in said
cylinder, and the gas drawn into the cylinder
C? by the preceding operation is being com-
pressed by the retractive movement of the
piston in said eylinder C3. -

Referring to Figs. 9 and 10, which illustrate

the ““third” positions of the crank 12 and the
engine-valve E, said engine-valve has its in-
duction-port open to the cylinder C' and
closed to the eylinders C*and C®.  In this po-

sition ol che valve, the gas is being drawn

~Into the cylinder C' by the advancing of the

piston in said eylinder, the gas drawn into

* the eylinder C? by the preceding operation is

20

35

40

45
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from cylinder C-2.

being compressed by the retractive move-
ment of the piston in said cylinder, and the
cas in the ¢ylinder €° is being exploded.
Referring to Figs. 11 and 12, which illus-
trate the “fourth” positions of the crank 12
and cngine-valve E, the valve E has its ex-
haust-port open to the eylinder C?® and  is
closed to cylinders C' and C2.  In this position
of the valve, the gas is being compressed in
cylinder C', the gas is being fired in cylinder
C* and the produets of combustion are being
exhausted from cylinder C? the pistons of
cylinders C'and C?*being in the positions illus-
trated 1n Iig. 12 during this operation.

By comparison of Figs. 5 to 12, inclusive,
and IFigs. 26, 27, and 28, and by refercpce to

the preceding description of the operation of

the engine, it will be seen that in one cycle .

of operations—and correspondingly in the
successive cycles of operations—the gas is
first drawn in, then compressed, and then ex-
ploded in each cylinder; but these operations
take place alternately with respect to similar
operations in the other cylinders; that is to
say, when the gas is being exploded in cylin-
der C', the products of combustion are being

exhausted from cylinder C? and gas is being

drawn into cylinder C3?; next, evlinder ¢’ is
being exhausted, the gas in cylinder C?is be-
ing exploded, and the gas in cylinder C3? is

being compressed; next, gas is being drawn

into cylinder C', is being compressed in cyl-
inder Cz, and is being exploded in cylinder
C°, and next, gas is being compressed in cyl-
inder C', is being fired in cylinder C?, and the
products of combustion are being exhausted

the alternating order of operation of the sue-
cessive pistons in the cylinders it will be ap-
parent that the work is uniformly distributed,

that the engine is well balanced and will run

with uniformity and with little vibration.
1The working parts of the engine will be

lubricated in any usual or suitable manner.
The crank-shaft D is, for convenience, pro-

vided with a fly-wheel O.

By the construction and organization of
valvesand valve-actuating mechanism herein

e

From this deseription of |

!

described, 1t will be seen that the engine-
valve and feed-valve are rotated synchro-
nously in the same direction and at coinciding
velocitics, and that the crank-shaft simul-
tancously rotates in a direction opposite to
the direction of rotation of said valve and at

70

adifferent rateof speed, the shaft and valves

being so connected and timed in their move-
ments that the ratio of comparative move-
ments between the shaft and valve, respec-
tively, shall be as two is to one.

- In some cases—that is, when ecertain kinds
of liquid fuel are employed to generate an ex-
plosive gas by being mixed with air, as herein
described—it may be desirable to employ
means other than that herein shown for heat-
ing the air to evaporate the liquid; but usu-
ally suflicient heat is created by exhausting
the products of combustion through the en-
gine-valve, as hereinbefore described,to effect
the required evaporation of the mixture be-
fore the same enters the induction-port of
the cylinder; and this method of evaporating
the liquid in engines of this class is well
known in the art. The foregoing statement

-1s considered adegnate for a full understand-

ing of this particular feature of the engine.

- Having thus described my invention, I

claim— © |
1. The combination with an engine-cylin-

‘der, and with a crank-shaft supported for ro-

tation iIn substantial parallelism with the
cylinder, and with means for rotating said
crank-shaft; of a liquid-feed valve and an
engine-valve in-codperative conneetion, and
adapted for intermittent communication with
the cylinder; and means countrolled by the
crank-shattforsimultaneously actuating said

valves, substantially as desecribed, and. for.

the purpose set forth. |
, 2. In an engine of the class specified, the
combination with an engine-cylinder and a
crank-shaft, supported in longitudinal paral-
lelism with each other, and with means for
rotatingsaid crank-shaft; ofarotativeliquid-
feed valve; a rotative engine-valve interme-
diate to, and adapted for intermittently es-
tablishing communication between, the feed-
valve and eylinder; androtary driving mech-
anism connecting the crank-shaft and valves,
and adapted for simultancously rotating said
valves, substantially as deseribed, and for the
purpose sct 1orth.

8. In an engine of the class speeified, the
combination with the engine-cylinder and

75
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erank-shaft, supported in substantial longi- -

tudinal parallelism with each other, and with
means for rotating said crank-shaft; of a ro-
tative liquid-feed valve having one or more
liquid-receiving poeckets; a rotative engine-
valve having a port in communication with
thefeed-valve, and adapted for intermittently
establishing communication betwecen the
feed-valve and cylinder; and rotating driv-
ing mechanism connecting, and adapted for
effecting, a simultaneous rotation of the

125
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crank-shaft feed-valvé and engine-valve, |

substantmlly as descubed and for the pur-
pose set forth.

4. In an engine of the elass speclﬁed the

combination with an engine-cylinder having

a port-passage leading thereto of a rotatwe

- engine-valve having a port a,da.pted for inter-

10

mlttently eommumcatmw with the port-pas-
sage of the cylinder; a rota,twe feed-valve
ha,vmg peripherally - disposed ligquid -receiv-

- ing pockets; a conduit between, and inter-

~the engine-valve and a pocket of the feed-

mittently communicating with, the port of

valve; ahqmd supplyin communication with
the pockets of the feed-valve; an air-supply
communicating with the cond uit between the
feed-valve and engine-valve; a crank-shaft
for rotating the feed-valve and engine-valve
in synchronism; a cut-off device carried by

20 the feed-valve and adapted for varying the

| 30

- 35

capacities of the liquid-receiving pockets; a

governor in operative connection with the
crank-shaft and cut-off device, and adapted
for automatically controlling the movements
of said cut-off device, substantially as de-

scribed, and for the purpose set forth.

5. In an engine of the class specified, the
combination with an oil-conduit and an air-

- eonduit; of a feed-valve case located between,
and in commumca,tlon with, said oil-cond 11113'

and air - conduit; - a contmuously- rotative

valve supported 111 said case, and having a

series of slide-regulated feed-pockets; slides

fitting said feed-pockets; and means for ro-

tating said feed-valve, and for automa,tlcally

- _actuatmg the slides to increase or decrease

40

- of aliquid-supply conduit and an air-supply -
 conduit; a normally -continuously - rotative
. feed-valve having a plurality of radially-dis-
posed feedapockets open: to the periphery of |

45

the capacities of the feed-pockets.
6. In an engine of_the class specified, the

combination with the cylinder or ¢ylinders

thereof; of an apparatus for generating an
etploswe mixture, which apparatus consists

~ thefeed-valve, and adapted forintermittently

"

-~ 60

- series of eylinders disposed about said crank-.
shaft with their axes - in substantial longi-

commumca,tmﬂ' with the oil-supply conduit
and a,lr-supply conduitf, alternately; means

“for contmuously rotatmﬂ' sald valve; and

means for inereasing or decreasmg the ca-

pacities of the feed-poe]{em: substantially as

described, and for the purpose set forth.
7. In an engine of the class specified, a ro-.
tative feed-valve having a plurality of rela-
tively - independent feed pockets; an auto-
matically-operable cut-off device carried by

said feed-valve, and comprehending a plu-

rality of cut-oﬁ slides fitting the feed-pock-
ets; and means for automatlcally a,ctua,tm
the cut-off device. .=~

8. In an engine of the class spemﬁed the
combination with a crank-shaft, and with a

6 5 tudinal parallelism with said-crank-shaft; of

- pistons located in said cylinder; a “univer-

S&lly—movable actuator supported foy\move-

EN
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ment }about a fixed axis located in the plane

| of the crank-shaft and opera,twely connect-
ing said piston and-crank-shaft; a rotative
| feed -valve in geared corinection with the
| erank-shaft, and adapted. for mtermlttent]y

commumeatmn‘ with -the cylinders in alter-

nating order; an oil supply and liquid sup-
ply in eommnmeatmn with the feed-valve;:

and a governor in-operative connection with
the feed-valve and crank-shaft and adapted
for controlling. the feed, substantially as de-
scribed, and for the purpose set forth.

9. An engine of the class specified, eompre-
hending a suitable framework; a crank-shaft
Journaled for rotation in said framework; a
series of piston-cylinders disposed about s.a_ad

crank-shaft with their longitudinal axes in

substantial parallelism with said shaft, and
each- cylinder having an explosion- cha,mbel
at one end thereof; an ignition device pro-
jected into each explosmn -chamber; recip-

rocatory pistons supported insaid eylmdel S ;

a universally-movable crank-shaft actuator
operatively connecting the pistonsand crank-

| shaft; a rotative liquid-feed valve in geared

eonnectmn with the erank-shaft,and h&vm o g

series of feed-pockets correspondmn‘ in num-

ber to the number of engine-cylinders; an oil-
conduit in commumcatmn with.said valve;

an air-conduit also in communication wi th
said valve, and in intermittent communica-

‘tion with the engine-cylinders; cut-off slides

in operative connection with the feed-pock-

ets ol” the feed-valve; means controlled by

the crank-shaft for automatw&lly actuating
the cut-offi slides to regulate the feed; a,nd,

an electrical spark - generating a,ppara,-tus..

controlled by the crank-shaft and having
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electrical -terminals in connection with the

ignition devices, and adapted for intermit-
tently producing a spark within the explo-

sion-chambers of the several cylinders, sub-

stantially as desecribed.

10. In an engine of the class specified, the

IT0O

combination with the engine-cylinder having

a suitable induction-port, and with the cyl-

inder - piston; of a crank - shaft supported
with its axis.in substantial parallelism with
the longitudinal axis of the cylinder; an

actuator between the piston and crank-shaft;
a rotative engine-valve having a port ad&pt-—

ed for Intermittently communicating with

the engine-cylinder, and having its axis of
-movement in parallelism with the shaft; and

a train of gears operatively connectmff the
engine-valve and crank-shaft, and adapted
for rotating said valve in synchronism with
the crank-shaft and in direction opposite to

1 the direction of rotation of said crank-sha,ft

substantially as described.

11. In an engine of the class specified, the
combmatmn with the engine-cylinder hav-
ing a suitable induction-port; of a rotative

| valve having a port adapted for intermit-
tently communicating with the port of the
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cylinder; a erank—sh&ft means for rotating
the cP ank-shaft in one du ection; and driv-
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‘ing means operatively connecting the crank-

shaft and rotative valve, and adapted for ro-
tating said valve in a reverse direction from,
and at a different rate of speed than, the
crank-shaft, substantially as deseribed.

12, In an engine, the combination with the
cylinder having au. Induetion-port, and with
the eylinder-piston:; of a crank-shaft oper-
alively connected with said piston; a rota-
tive liquid -feed valve; a rotative engine-
valve having a port adapted for intermit-
tently communicating with the port of the
cylinder, and also for Intermittently com-
municating with the feed-valve; and gear-
Ing operatively connectin g the engine-valve,
the crank-shaft, and the
and synchronously rotating the engine-valve
and feed-valve inthe same direction at cor-
responding velocities, and at a different vo-
locity from the velocity of the crank-shaft

13. In an engine, the combination with the
engine-cylinderhavingan induetion-port,and

~-with the piston; of a erank-shaft in substan-
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for effeeting a synehronous

tialaxial parallelism with the cylinder; a con-
nector between, and operatively connecting,
thepiston and erank-shaft; a rotative en oimne-
valve having its axis in substantial parallel-
ism with the erank-shaft, and having a port
adapted for intermittently comm unicating
with the port of the eylinder: and actuating
mechanism operatively connectin o the crank-
shaft and engine-valve, and rotating the en-
gine-valve in an opposite direction relatively
to, and in synchronism with, the crank-shaft,
and for.effecting a two-to-one ratio of move-
ment between, said erank-shaft and en gine-
valve, substantially as deseribed.

1+. In an engine, the combination with the
cylinder and its piston; of a crank-shaft and
a votative engine-valve having their axes in
substantial parallelism, and in substantial
parallelism with the axis of the cylinder, and
actuating mechanisin connecting the piston
crank-shaft and engine-valve, and adapted
rotation of the
crank-shaft and engine-valve in opposite di-
re -tions, and at comparative speeds of rela-
Lively different veloeities, substantiall yasde-
seribed, and for the purpose set forth,

15. In an engine, the combination with the
cylinder and its piston; of a erank-shaft and
a votative engine-valve having their avos in
substantial parallelism, and substantially
pitrallel to the axis of the cylinder; and actu-
ating mechanism operati vely connecting the
piston,crank-shaft,and engine-valve, and em-
bodying means for rotating the crank-shaft
and engine-valve in opposite directions, re-
spectively, and at comparative velocities, the

ratio of whieh is two 1o one, substantially as

deseribed.

16. In au engine of the class specified, the

combination with the framework; of a hori-

zonlally-disposed erank-shaft: a series of eyl-

inders having their axes in substantinl par-

allelism with, and disposed about, the axis of
pistons working in said eyl-

the crank-shaft;

feed-valve together,

563,240

inders; and a universally-movable crank-
shaft actuator supported for movement about
a fixed axis located in the plane of the crank-
shaft, and operatively connecting the crank-
shaft and pistons, and comprehendin g an ac-
tuating memberhavinga stem connected with
a crank on the crank-shaft, and also having
a series of radially-disposed arms which are
operatively connected with the pistons; and
a carrying member for the actuating member
having a pair of horizontally-disposed arms
and a pair of vertically-disposed arms, one
pair of which are pivotally supported in fixed
bearings on the framework, and the other pair
of which are pivotally supported 1n bearings
on the actuating member, substantiall y as de-
seribed. | .

17. In an engine of the class specified, the
combination with the engine-cylinder havin o
an explosion-chamber at one end thereof, and
having an induction-port opening ‘into. said
explosion-chamber, and with the piston,
crank-shaft, and connections; of a feed-valve
actuated by the crank-shaft; an engine-valve
actuated by the crank-shaft, and having ports
adapted for intermittently establishing com-
munication between the feed-valve and the
explosion-chamber of the cylinder; an igniter
having ignition-points located in the explo-
sion-chamber; ignition apparatus in connee-
tion with said igniter; and means in conneec-
tion with, and controlled by, the erank-shaft
for actuating the ignition apparatus, and for
intermittently creating a spark between the
ignition-points of the igniter to 1gnite and ex-
plode the gas in the explosion-chamber, sub-
stantially as described, and for the purpose
set forth. _ L

18, In an engine in the class specified, the
combination with the engine-cylinder having
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an induction-port, and with the engine-valve

adapted for communicating with the port of
the engine-cylinder; of a rotative feed-valve
located at one side of the engine-valve, and
having a slide-regulated liquid - receiying
pocket located in a plane intersecting the
axial plane of the feed-valve; an automatie-
ally - operable cut- off slide fitted for sliding
movement in said liquid-receiving pocket;
means for continuously rotating the feed-
alve; a slide-actuator controlled by the

movements of the feed-valve-rotating means;

an oil supply in communieation with the feed-
valve; an air supply in communiecation with
thefeed-valve, and adapted for intermittently
communieating with the engine-cylinder
through the engine-valve; and means for con-
tinuously rotating the engine-valve, substan-
tlally as described, and for the purpose set
forth. |

19. In an engine of the class specified, the
combination with the engine-cylinders, pis-
tons, engine-valve, and crank-shaft, and with
the universally-movable actuator operatively
connecting the pistons and erank-shaft; of a
continuously - rotative feed-valve in geared

connection with the crank-shaft, and having'

I1IO
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~ a series of radially-disposed elongated feed- |
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pockets; cut-off slides fitted for sliding move-
ment in said feed-pockets; means controlled
by the crank-shaft for automatically operat-

ing the cut-off slides to increase or decrease

the capacities of the feed-pockets; a mixing-

- chamber communicating with the feed-valve

IO
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and engine-valve; means for supplying air

through said mixing-chamber; an oil supply
In communication with the feed-valve; and
means controlled by the crank-shaft for con-
tinuously rotating the engine-valve, substan-

 tially as deseribed.

20. In an engine of the class specified, the
combination with the eylinder having induc-
tion-ports, and with the engine-valve and its
actuator; of a liquid-supply conduit; an air-
supply conduit; a mixing-chamber in com-
municative relation  with the liquid-supply
conduit and air-supply conduit, and with the
engine-valve chest and a feed-valve chest; a
rotative liquid-feed valve located between

- the liquid-supply conduit and air-supply con-

duit, and having a series of slide-regulated
feed-pockets adapted for transferring liquid

- from theliquid-supply conduit to the air-sup-
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~combination with the cylinder and with the |
- engine-valve, and with a liquid-supply con-

40

- the air-supply conduit and the discharge end
"ot the liquid-supply conduit, and having one

45
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. ets; a shaftfor rotating the engine-valve and

ply conduit in regulated quantities; an auto-
matically-operable-cut-off device embodying
cut-off slides fitting the fecd-pockets of the
feed-valve; and rotative means controlled by

‘the engine-valve actuator for rotating the
feed-valve in synchronism with the engine-
- valve, and for automatically actuating the

cut-off device, substantially as described, and
for the purpose set forth. | o
21. In an engine of the class specified, the

duit; and with an air-supply conduit; of a

mixing-chamber between, and connecting,
the air-supply conduit and engine-valve

chest; a rotative feed-valve located between

or more peripheral feed-pockets adapted for
transterring liquid during the rotation of the
valve, from the liquid-supply conduit to the
alr-supply conduit; a cut-off ‘device carried
by the valve and adapted for varying the ca-
pacity of the liquid-receiving pocket or pock-

“the feed-valve; a governor in operative con-
. nection with the shaft, and adapted for con-

B

- 22, In an -engine'Of.-'}the"cmss spéc:iﬁéd; the

' 60

trolling the movements of the cut-off device;
and an actuating-connector operatively con-
necting the cut-oif device and governor, sub-
stantially as deseribed. = -~ -

combination with the engine-cylinder having

‘an induction-port, and with the engine-valve
‘and 1ts chest; of an air-conduit in communi-

cation with said engine-valve chest; a feed-
valve chest having an outlet-opening at the
lower side the~eof in communieation with the
air-conduit, and also having an inlet-opening
at the upper side thereof; a rotative feed-

 Valve seated in said chest, and having feed-
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pockets adapted for successively communi- |

cating with the inlet and outlet openings of
the feed-valve chest; a liquid-conduitin com-
munication with the inlet-opening of said
feed-valve chest; and means for simultane-
ously actuatimg the feed-valve and engine-
valve, substantially as described, and far the

purpose set forth.

23. In an engine of the c¢lass specified, the
combination with the engine-cylinder, and

with a liquid-supply conduit and an air-sup-
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ply conduit; of a rotative feed-valve having

one or more peripheral feed-pockets adapted,
during the rotation of the valve, for inter-
mittently communicating with, and for trans-
ferring liquid from, theliquid-supply conduit
to the air-supply conduit; an automatically-
operative cut-off device carried by the valve,
and adapted for varying the capacity of each
feed-pocket; a shaft for rotating the feed-
valve; and a governor in operative connec-
tion with the shaft and cut-off device, and
adapted for controlling the movements of
said cut-off device. | o

24.-In an engine of the class specified, the
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combination with the engine-cylinder; of an

air-conduit and a liquid-conduit; a rotative
feed-valve between the air-conduit and the

discharge end of the liquid-conduit, and hav-
ing a series of liquid-receiving pockets; cut-

off slides shiftably in connection with said

Ppockets, and adapted for varying the capaci-
ties of said pockets; and actuating mechan-

Ism in connection with, and adapted for op-
erating said cut-off slides, substantially as
described. - |
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95. In an engine of the class specified, the

combination of a framework, a crank-shaft, |

and a series of cylinders, each having an ex-
plosion-chamber at one end thereof and dis-
posed In substantial parallelism about said

105

crank-shaft; pistonslocated in said eylinder;

a universally-movable crank-shaft actuator

110

operatively connecting the pistonsand crank-

shaft; means for intermittently supplying a

combustible mixture in regulated quantities

to the explosion-chambers of the several eyl- -

‘inders in alternating order; igniters having

ignition-terminals located in the several ex-

| plosion-chambers of the cylinders; and elec-
trical spark-producing apparatusin operative .

connection with the crank-shaft, and com-

‘prehending an electrical circuit having elec-

trical conductors in connection with the ter-

11§
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minals of the igniters, and also having in

sald circuit a transformer, a condenser, and

a contact maker and breaker adapted for in-

termittently making and breaking the cir-
cuits to effect ignitions of the explosive mix-
tures in the several cylinders in alternating
order, substantially as described. -
26. In an engine of the class specified, the

{ combination with the framework; of a hori-

125
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zontally-disposed crank-shaft journaled in -

said framework; a series of three cylinders
‘having their axes disposed in parallelism
about the axis of the crank-shaft; pistons
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working in said eylinders; a universally oscil- |
Jlatory actuator operatively connecting said
pistons and crank-shaft; a rotative elwme-“
“valve having ports adapted for mtemmt—’
tently commumc&tmfr with the three cylin-

ders altern&tely s & 1*0tat1ve feed-valveincom-

munication with the engine-valve; a regu-
lator in connection with sald feed-valve, and

~inoperative connection with the crank- sha,ft

IO

gearing operatively connecting the two Valves.
to the emnk-qha,ft and adapted tor effecting |

aQ sunulta,neous rotation of said valves at a
dlff?l’m]t Ve]om’rv from a,nd in a dlﬁ'orent

direction to, the erank-shaft; and an elec-
trical-ignition apparatus embodying an elec-

trical en'cmt having terminals projected into

the three cy]mders, a, three-way switch 1n

said circuit, and actuating mechanism op-
eratively counecting the wmtlon apparatus
crank - cah&ft, Substan‘rmlly as- (de- zo

and the
S(,rlbpd, f:LTl(]_ for “16 purpeq_.e sct forth.

| IIURRFR T . BAKFR
Witnesses:
Fraxcrs I1. RIOHARDC;
I'. N. (HIASE
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