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No. '741,i7é.

UNITED STATES

Petented Octebel 13 1903

OFFICE.

~ CHARLES W. SPONSEL, OF HARTFORD, CONNECTICUT.

EXPLOSIVE-ENGINE.

E‘:PECIEICJ&TION forming part of Letters Patent No. 741,'1 78, dated October 13, 1808.

Anplication flled November 5, 1901,

Serial No. 81,229, (No model.)

To ate whom it may concern.:
Jeitknown that I, CHARLES W. bPONSEL a

citizen of the United States, and a resident of
Hartford, in the county of Hartford and State

of Connectleut have invented certain new
and useful Impzovemente in Explosive-En-
gines, of which the following is a full, clear,
and exact specification. |

- This invention relates to exploswe -engines,

‘and more especially to that class thereef in -

which the power fordriving the piston is de-
rived from explosions Wlthlﬂ the eylinder of
a suitable explosive vapor, such as a mix-

4 ture of air and naphtha or any other suit-

I3

20

able hydrocarbon gas; and my invention has
for one of its ob;]eets the prod uction of a com-
pact and efficient gas-engine adapted to be
run at a high rate of speed, which may be
maintained even if the *“load” of work Wthh
the engine is to perform varies.

A furt,hel object of my invention. I‘LSIdE’ES
in the provision of a series of successively-
effective cylinders and pistons, which latter

~may be connected to a common driving mem-
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ber or shaft, and in the eooperamon there-
with of a dewee for admitting gas into said
cylinders alternately, so that an impulse will
be imparted to the shaft ‘during each revolu-
tion of the shaft.

My invention has, furthermore, for its Ob
jeet the provision of a valve which comprises
a supply-chamber and alsoan exhaust-cham-
ber, both being combined in one shell and
sepmated from each other by a partition or

wall extending from end to end of the valve
and in eenstent communication with suitable

gas supply and exhatlst conduits, respec-
twely

Another object of my invention may be |

found in the combination, with such valve, of
a device whereby said valve may be shifted
lengltndmdl]y tocontractorclose the gas-inlet
ports, or vice versa, according to the varia-

tion of the load and the mherenb change of
speed, so that the engine is at all tlmes un- .

der complete control and regulation,.
Further objects of my invention reside in
the particular construction and organization

of some of the cooperative elements as will

be hereinafter described, and pomted out in
the claims.

It 15 a well-known fact that gas-engines as | eylmdele while the othez will serve to con-

| generally built contain a multiplieity of work-
Ing parts, some of which are of delicate con-

structlon apd eeneequently easily disar-
ranged or rendered inoperative. The condi-
tlone which an engine of this class should

meet are espeelellv In connection with auto-

mobiles of such a character that compact-
ness, lightness in weight, mmnlmlby In con-
struemon and oper emen and variableness in

| efficiency form llnportant factors and pemte
for consideration.

-practice that the best results in gas-engines

1t has also been found in

are obtained when the driving member or
shaft receives at least two 1mpulses during

each complete rotation, these impulses be-__

ing distributed one dumw each half-turn, or
about one hundred and ewhty degrees apa,rb
so that no matter when any variation in the
load may take place the engine will not need
run at any time without a certain amount of
pressure to drive it. Hence my invention

| includes as one of its features a series of suc-

cesewely-effectl vecylindersand pistons, pref-

erably four in number, so that while the

charge contained in onecylinder is fired and
serves to turn the driving member for one
hundred and eighty degrees another charge
1s compressed in a,nother cvlinder ready to
be fired as soon as the first charge has com-
pleted its work. At the same time the re-
maining cylinders-will draw in a charge and
exhaust, respectively, after a manner-com-
mon to gas-engines in general, so that during
the first half- rotation of the crank-shaft a
cylinder may draw in acharge, compress the

{ latter during the next half mmtlon Or re-

turn s‘rroke, recelve its working impulse and
expand during the third half- rotation, and
finally exhaust the fired gas durmﬂ" the fourth
hali-turn of the shaft.

From the foregoing it will be undelsteod
that each individual eylinder will become ef-
fective once during two rotations of the driv-
ing-shaft, and in order to insure a p10pe1
timing of the gas-supply and the opening of
the exhaust eondult my invention comprises
a valve which consists, substantially, of a cy-
lindrical shell eztﬂndmw across all the inlet
and exhaust ports of the several cylinders
and divided into two distinet and separate

chambers, one of which will supply gas to the
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duct the used gas, after its explosion and work
in the cylmders, into a suitable exhaust-
chamber or the open air. '
My invention has been clearly illustrated
1n the accompanying drawings, in which—
Figure 1 represents a central longitudinal
section of a gas-engine Incorporating my im-
Fig. 2 is an end view of the
same looking from the left of Fig. 1, the cov-
ering-plate of the inclosing casing beln{r re-
moved to disclose one form of operating. the
valve from the main driving-shaft. Fig. 3
18 a central vertical cross-section through the
first cylinderon the left of Fig.1. Fig.4 rep-
resents a top view of the lower portion of the

‘valve-chest and its ports, partly broken away

to-show the body containing the cylinder.
Fig. 5 is a perspective view of the valve in
its preferred form. Fig. 6illustrates the de-
velopment of the peripheral surface of the
valve; and Figs. 7 to 14, inclusive, are dia-

grams showmw the ﬂpeld,tlon of the group of |
cylinders and the relative positions of the |

valve during successive ninety-degree move-
ments of the crank-shaft.

It may be stated at this time that any Suit--

able explosive hydrocarbon gas may be used,
and no attempt has been made to show any
apparatus for vaporizing and mixing the gas
with air in the required proportions.
Referring to the drawings, 20 designates a
suitable bed having a plurality of bearings
21 for the main driving member or shaft 22
of the gas-engine. This bed is shown dished

(see F'ig. 3) to serve as a receptacle for oil or
other lubricant, which may be maintained at

a certain level, so as to bechurned or splashed

~about by the rotation of the crank-shaft, the

indersc¢’ ¢ 2 ¢t

e

oil being supplied through a well 23, disposed
in the cylinder-body 24, which in the present
instan_ce is provided with four working cyl-
These eylinders contain pis-
tous p' p* p° p, which are preferably of the
IeCIpIOC‘dtOPy type and may be connected to
wrist-pins w' w? wiw?* of the shaft 22 by links
1, respecti vely | |

Disposed above the oylmder body 24 and
firmly secured thereto is a valve-chest 25,
preferably made in two parts, as is clearly
shown in Figs. 1 and 3, aud provided with a
series of gas-supply ports, however not be-
ing1nalinement with each other peripherally,
while, on the other hand, they will terminate
in a single Opemna, as indicated by 28 in
Fig. 4.

Refenmﬂ' to Fig. 1, it will be seen thdb at
the left end of the valve- chest may be pro-
vided a suitable gas-supply conduit, such as

29, from which gas may be supplied to the
0o

gas-ports ot the valve-chest at the proper
time by a valve V, shown herein asa cylindri-

~cal shell and comprising a gas-supply cham-
Ler and an exhaust-chamber which are sepa-

rated from each other by a partition or wall

'extendlnﬂ' from end toend thereof and which
are in constant communication with the gas-

]

§

|
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near the other end of the valve with an ex-
haust-conduit 30, respectively. ThevalveV

has, therefore, both of the chambers closed at
opposite ends, so as to prevent the gas from

passing through the valve and mto the ex-

70

haust- condmt directly, while, on the other

‘hand, the products of combustion or explo-
sions are thereby conducted directly to the
exhaust-conduit and cannot 1n any way come
into contact with the live gas as supplied by
the conduit 29.

As above stated, my invention includes as
one of itsfeatures a series of successively-ef-
fective cylinders and pistons, which are so
organized that gas will be supplied to the ¢cyl-
inders, Subsequently compressed therein,
then fired, and finally exhausted in regular
order andinapredetermined manner. Hence

1t will be evident that the gas-supply ports3sl,.

which are peripherally disposed on the valve
V, will be in circumferential alinement with
the gas-ports 26 of the valve-chest, while at the
same time they must be disposed angularly
around the axis of the valve in such a man-
ner that gas will be admitted to the succeed-
ing eylinders at the proper time and in regu-
lar order. Likewise it will be understood
that the exhaunst-ports 32 in the valve V also
find their outlet in the outer surface of said

i valve and are disposed in circumferential

alinemeunt with the exhaust-ports 27 of the
valve-chest 25 and that their angular posi-
tion around the axis relative to a gas-supply
port of the same ceylinder i3 properly timed.

The cycle of operation of a group of eylin-
ders is in the present instance such that
while the first ¢ylinder is drawing in a charge
of live gas the second cylinder is exhausting,
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so that for this reason the gas-inlet port of

the valve into the first eylinder and the ex-
haust-port in the valve of the second cylin-
der are at diametrically opposite sides of the
valve (see Fig. 12) and that likewise the valve
V will make a rotation of forty-five degrees in
order to c¢lose the inlet-port for the first eyl-

110

inder and turn the inlet-port for the second .

cylinder into position for the latter to draw
in a charge of gas.

Now it has been stated above that the valve
V comprises a gas-supply chamber and an
exhaust-chamber, both chambers being sepa-

rated from each other by a partition or wall

and disposed across all the ports leading into
the several cylinders, and for this reason the
partition 33 runs straight and in alinement
with the axis of the valve directly over the
ports of any one cylinder, while the cross-
section of the same laterally of the valve
changes in position between each pair of ad-
,]dcent cylinders.

In Fig. 6 is shown the development of the-
valve V, illustrating the manner in which

the ports are disposed and the manner in
which the gas-supply chamber is separated

| from the exhaust-chamber by the partition

33 Here it w1ll be seen that the gas-ports

squ]y conduit 29 above referred to, and . g g%, ¢° and ¢* for the several cylmdels re-
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spectively, follow each other in regular an- | erated at the same rate of speed as the valve

oular rotation on the surface of the valve

_fmd that they all are in direct and constant
communication with the gas-supply chamber

S, which is completely separated from the |

exhaust-chamber E by the partition 33, (in-
dicated by dotted lines, representing the line
of its junection with the inner surface of the
valve-shell and at diametrically opposite
points thereof.) It is also here shown that
the supply-chamber S is closed at-the right-
hand end of the valve and takes its supply
of gas at the left-hand end thereof, while
the exhaust-chamber E is closed at this end
and may communicate with a suitable con-
duit or the open air atthe right-hand end.
From the foregoing it will be understood
that the partition 33 follows to some extent

the contour of a spiral or screw-thread hav-

ing intermittent straight central portions,
and the rotation of a ‘mlve in the present
instance is such that the movement of the
valve will serve in drawing in gas from the
supply-conduif, as well as facilitating the
discharge of the exhaust-gas therefrom. In-
asmuch as it is essentlal in a valve of this
class that it should be perfectly balanced in
order to insure its running freely, I deem it
preferable to dispose the inlet and outlet
ports in the valve-chest at substantially dia-
metrically opposite points, so that when a
charge of compressd gas in any one cylinder
is fired the resultant pressure will be equal-
1zed at nearly opposite points and on sub-
stantially equal areas, and this will nullify
the tendency -of mowdmg the valve-shell
againstits bearing-surfacein the valve-chest.

‘The gas-engine incorporating my inven-
tion and shown in the drawings is so organ-
ized that the crank-shaft Wlll have t,wo Iro-
tations for each single rotation of the valve
and constitutes wha,t might be called a *‘ four-
cycle” machine.

- crank-ghaft and valve is effected in the pres-

ent instance by a train of gears illustrated
in Figs. 1 and 2, in Whlch the shaft 22 is
shown having a pinion 34 meshinginto an in-

- termediate 35, which is journaled on a stud

50

53

- a shaft 41, Jomnaled in bearings 42 on the_

6o

38 and ﬁhlch in turn transmits movement
through an intermediate 37, pivotally sup-.

ported on a stud 38, to a gear 39, which is
mounted upon the stem 40 of the valve V
and the diameter of which is twice that of
the pinion 34. -

Suitable sparking or igniting mechanism
1S provided in connection Wlth each of the
severalcylinders, this mechanism comprising

cylinder- body 24 and also in a bearmﬂ' 43,
provided on a casing 44, which serves for the
purpose of closing the open end of the oil-
chamber in the bed 20, above mentioned, and
also as a protection fm the train of gearing
just described.

The igniting mechamsm 18 eleaily ShﬂWﬂ
in Figs. 3 and 4 in which the shaft 41 is shown

This relative movement of

Y—as, for instance, by a gear 46, mounted
upon said shaft and also meshmﬂr into the in-
termediate 37, above referred to,

Inasmuch as each of the eylinders is fired
at a different period during the two-cyecle
movementof the crank- shaft I prowde a plu-
rality of sparking plugs or lﬂ'nltels v, 7%, 15,
and +*, each of which isgr ounded in the valve-—
chest with one ter mmal 47, while the other
terminal, 48, thereof is insulated therefrom
and 1s in electric connection with a spring-
retracted contact or brush 49, provided with
an insulating-block 50, adapted to be en-
gaged by oneof thecams45, above mentioned.

The several igniters are energized at the

proper time by their brushes 49 coming into
contact with a stationary brush 51, which
may be secured to but insulated from the
cylinder-body 24, the current between said
brush 51 and the grounded terminal 47 being
established through a wire 52, a battery and
coll or other source of energy 53, and a con-
necting-wire 54, as is clearly shown in Fig. 3.

Means are provided whereby the amount
of gas to besupplied to the cylinders, accord-
ing to the different requirements or variation
in the load, may be regulated, and in the

‘present instance I accomplish this result by

shifting the valve V longitudinally of its axis
S0 as to contract or even close all of the gas-
supply ports, and in this manner wire-draw

the gas to regulate the amount of the gas

charge and its subsequent compression.
While it is evident that the valve may be
shifted thus by hand, I preferably employ in
connection with thlb engine a device which
1s-automatic 1n its action and will serve as a
governor controlled by the speed of the crank-
shaft. Thisdeviceis clearly shown in Fig. 1
in which the valve-stem 40 is shown pmvlded

at 1ts outer end with a yoke 55, the opposite

arms 56 of which are bifureated_ to receive
angle-levers o7, pivoted at 58 to said arms
and having weighted ends 59, adapted to be

70
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thrown outward by centmfugal force on the
rotation of the valve V. The angle-levers 56

have also arms 60, pr ojecting toward the cen-

ter of the valve and engaging in recesses in

115

a ring 61, preferably made in two parts, said

recesses bemw limited at their sides by flanges
62, between whwh sald arms 60 may p]ay,

and which at the same time serve as mediums

for rotating the ring 61 in unison with the
valve V. The two-part ring 61 is rotatably
supported in a groove 63, formed in a hub on

the casing 44, and it will act as a thrust-re-

ceiving member for shifting the yoke inward
or toward the right and against the action

of the spring 64, restmﬂ‘ with one end aﬂalnst,

said yoke and hmmcr 1ts other end sedted in
a recess 65 in the hub above referred to.
shifting movement of the valve V from the
position shown in Fig. 1 toward the right will
cause the ‘gas-inlet ports of the valve to over-

lap those in the valve-shell, and therefore de-

hzwmg a series of cams 45 and which is op- | crease tne opening or area of the passage

.....
I-|
"

........
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through which the gas will be admitted into ] a charge and the gas-siippIy-poi't of the valve
has been elosed to permit such a charge tobe

the eylinder, and the engine may be thus reg-

“ulated, as desired, this regulatlon dependmw
upon the rotation speed of the valve, the |

welght of the governor-weights 59, and the
resistance of the spring 64.

The operation of my improved gas-engine
is clearly shown in the diagrams, Figs. 7 to

14, inclusive, and is as follows: In order to

10

._15

20

25

pression.

distin guish clear]y between the different con-
ditions of the gas and also to differentiate
between the gas-ports and the exhaust-ports
in the drawings, the different conditions are
represented by different characterizations,
viz: Live gasis indicated by lines, these lines

being more or less contracted to designate

the conditions of the gasin regard to its com-
In a similar manner the used and
exploded gas is represented by stippling. . In-
asmuch as the gas-inlet ports and the ex-

haust-ports in the valve are not disposed in |
the same plane laterally thereof and in order

to insure a clear understanding by a graphic
representation of the gas and the position of
its ports, the gas-inlet ports are left white,

- while the exhaust-ports are shown black in

the cross- seetmns of the valve and valve-
chest. |

‘'With these explanations in mind it will be
seen by referring to Fig. 7 that the first cyl-
inder ¢’ of the group of four cylinders of the

- engine hasa compressed charge of gas ready

35

40

to be fired and to move the piston downward
This will result in moving the piston p° up-
ward, compressing the gas contained in cyl-
inder c*, while piston p? is just ready to draw
in a chaw‘e and piston p* is ready to move
upward to exhaust or discharge the exploded
gas from cylinder ¢t

In Fig. 8 the crank-shaft is shown as being

“furned ninety degrees from the p031t1on

| nme‘by degrees.

shown in FKig. 7, while in Fig. 9 the pistons
have arrived at a position opposite to that
shown in Fig, 7, the ecrank-shaft having made
a movement of one hundred and eighty de-
grees, while the valve has been moved only
This posltlon of the valve
shows that in e¢ylinder ¢’ the exhaust-ports
are just on the point of communication, while
cylinder ¢®* has a compressed charge of gas
ready to be fired to impartan impulse to the
crank-shaft during the second half of its ro-
tation. In cylinder ¢® the gas-supply port of
the valve has just closed, rendering it possi-
ble to compress the gas charge in said cylin-
der during the next movement of one hun-

dred and ewhby degrees of the crank-shaft,

- while eylinder ¢* has just finished its exhaust

60

and stands ready to draw in another charge
In Fig. 11 the group of pistons is in a posi-

- tion corresponding to that shown in Fig. 7

- ment-—viz.,

and ready to start on the third cyele move-

chargoe, cyhnder ¢® ready to exhaust, cylinder
¢® contains a compressed charge and is ready
to be fired, while cylinder ¢* has just received |

cylinder ¢’ ready to draw in a |

T

§

i

‘series of suceesswely off
pistons operative therein;

compressed. In Fig.13 the pistons areshown
ready to enter on their fourth cycle of move-
ment—viz., piston ¢’ compressing a charge,
cylinder ¢ drawmfr in a charge, eyhnder &3
ready to exhaust, and cylinder ¢* contains a
compressed charge of gas and is ready to be
fired. -

By comparison of the several diagrams just
enumerated 1t will be seen that an impulse
is imparted to the crank-shaft at each half-
rotation thereof and that therefore a con-
tinnous pressure or forward movement is im-
parted thereto. The succession in which

70

75

30

these Impulses are imparted to the crank- '

shaft are also clearly shown, while the begin-
ning of the operation of any one of the eyl-
mders or pistons duaring its four-cycle move-
ment can be readily determmed by a com-
parison of the different positions and condi-
tions illustrated in the diagrams, in which
Figs. 8, 10, 12, and 14 illustrate the interme-
diate steps

Having described my 1nventlon what I

claim as new, and desire to secure by Letters
“Patent, is—

1. In a gas-engine, the combmatwn with a
series of suceesswely—effectwe cylmdels and
pistons operative therein; of a valve having
a supply-chamber and . an exhaust-chamber,
both chambers being provided with periph-
eral ports, alternately in communication with
sald cylinders; means for rotating said valve
once for every two full strokes of said pis-

-tons; and means for shifting said valve lon-

gitudinally and for varying the supply of gas

from the supply-chamber into said cylinders.

2. In a gas-engine, the combination, with a

chest having inlet-ports and exhaust-ports
disposed at diametrically opposite sides of
said valve and in commuanication with said
cylinders and codperative with the valve-
ports.

3. In a gas-engine, the comblnatlon with &
eetweeylmdels and
of a valve-chest,
havinginlet-ports and exhaust-ports disposed
at diametrieally opposite sides thereof and in
different transverse planes longitudinally of

‘the chest; and a rotatable valve havinginlet

and exhaust ports for codperation with the
ports of said valve-chest.

4. In a gas-engine, the combination, with a
series of suceesswely effective cyhnders, and
pistons operative therein; of a valve-chest
having one inlet-port and one exhaust-port
for each cylinder, said ports being disposed
at diametrically opposite sides of the chest,
and-in different transverse planes longitudi-
nally of the chest; a conduit connecting each
set; of said ports and in communication with
one cylinder; and a cylindrical valve mount-
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“series of successively-effective cylinders; the °
pistonsoperative therein; of a rotatable valve
having inlet and outlet ports; and a valve-
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ed for rotation in said chest,and having inlet |

and exhaust ports, alternately in communi-
cation with the chest-ports respectively.

5. In a gas-engine, the combination, with a
series of successively-effective cylinders; and
pistons operative therein; of a valve-chest
having one inlet-port and one exhaust-port

- for each cylinder, said ports being disposed

10

20

25

at diametrically opposite sides of the chest,
and in different transverse planes longitudi-
nally of the chest; a conduit connecting each
set of said ports and in commumcatlon with
one cylinder; and a eylindrical valve mount-
ed for rotation in said chest, and havinginlet
and exhaust ports, alternately in eommuni-
cation with the chest-ports respectively; and
means for shifting said valve longitudinally
for varying the area of the inlet-ports and the
flow of gas therethrough.

6. Ina gas-engine, the combmauon with a
series of succeqswely -effective oylmdels, of

a valve-chest having a series of inlet-ports,
and exhaust-ports in communication with the
cylinders respectively, said ports being dis-
posed at diametrically opposite sides of the
chest and in alinement longitudinally, but
in different planes transversely of the chest;
a valve having an inlet-chamber and an ex-

l

&

haust- chamber, said chambers being sepa-
rated from each other by a partition, and
each having ports for codperation with the
chest-ports,respectively; and means for shift-
ing said valve longitudinally and for V&P}’IDO‘
’rhe flow of gas through the inlet-ports.’

7. In a gas-engine, the combination, with a
series of suece%swely-effeetwe cyhndms, of
a valve-chest having a series of inlet-ports,
and exhaust-ports in communication with
the cylinders respectively, said ports being
disposed at diametrically opposite sides of
the chest and in alinement longitudinally,
but in different planes transversely of the
chest; a cylindrical valve-shell comprising
an inlet and an exhaust chamber separated
from each other by a spiral partition, each
chamber having inlet-ports, and also exhaust—
ports, each set bemﬂ* disposed equidistantly
circumferentially of the valve-shell, and hav-
ing the exhaust-port for one eylinder in lon-
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gitadinal alinement with the inlet-port for 5o

the next effective eylinder.
CHARLES W. SPONSEL.

Witnesses:
CHARLES F. SCHMELZ,
JULIA G, MCCORMICK.
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