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To all whom it may concern:

Be it known that we, T"
SELL and FRANK L. ANTISI
United States, residing at M&tawan in the
county of Wlonmouth and State of New Jer-
sey, have invented new and useful Improve-

ments in L\ploswe Gas KEngines, of Whlch_

the foilowing is a speci catlon |
This uwentmn relates to explogwe -2as en-

vehicles.

The present invention is of that type of ex-

plosive-gas engines wherein are employed &
single ¢y linder and two pistons reciprocating
in the cylinder at different speeds, but geared
together in such manner that they codperate
to duve a shaft common to both; and it has

for its objects, first, to provide in such an en-
gineimproved means whereby-a cushion, such

as compressed air, is formed and umh/ed for

‘moreequally distrib utingthe powergenerated

by the explosive force of the gas; second, to

combine with suchan engine impr oved means

whereby the engine is eaused to compress and
store up a body of air which is utilized as a
source of energy to aid in the propulsion of
the engine when traveling up steep gr adlents,

and, lmtlv to provide ceimm other i improve-

ments and to increase the e
class of engines generally. |

To these ends the invention consists in bhe
features and in the construction, combina-
tion, and arrangement of parts hetemd,fter
deseribed, and particularly pointed out in
the claims following the flebel"lptlon refer-
ence being had to Lhe accompanying draw-

ings, ionnuw. a part of this specification,
wherein-—

eificiency of this

Is.a view in elevation thereof, illustrat-
ing the means tor gearing the ’DISEOIIS tog ether

Figure 11s a vertical eentml 10nfr1tudmal.

sectmml view of the eylinder and pistons.
_]_111:-

.:111{1 foractuating Lhe inlet and exhaust vfllves |

Ifig. 5 is a top llchII view, part.

y broken away,
of the [m,rta showa in F‘w 2. Fig. 4 1s a de-

tail sectional view of the inlet, fmd exhau%
valves and the means for Letmtlrw them.

Fie, 5 1s a detml sectional view of Lhe valve

casing and port, TFig. 6isa view in elevation

1lustrating the means for bLUllll“ up com-

| | ]
TOMAS M ANTI- |
tLL, citizens of the

one end by a evhnder head 2.

-neeted to one of the pistons 8.

pressed air md utllmnﬂ‘ it as an auxiliary.
source of energy for operating the engine,
and Fig. 7 is a detail sectional view of the
valve controlling the air. Figs. 8 to 11 are
diagrammatic views. 111[18131&13111“‘ the move-
ments of the pistons.

Before proceeding to describe the inven-

| tlou in detail it should be explained that the

| engine works in cycles of four operations, as
gines, and especially to such engines desmned-

for the propulsion of .-,-wtomoblleq or horaeless |

follows First, suction ofinflammable charge;

second, compression of charge; third, explo-

sion of the charge and opercttwe atroke of the
pistons, and, fourth, exhaust of the burned

‘gases, the pmtonb bema arranged and oper-

ating in bl.l(ih mdnnen thaﬁn bhe ratio of ecom-

{ pression of the gases before ignition shall be

less than the mtlo of expansion after explo-
sion, and whereby nearly the entire volume

of burned gases 18 exhausted from the cylin-
der after mch explosion.

Referring to the dmwmws the numeral 1
indicates the cylinder of umform diameter

55
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7©

thr{)uﬂhout its length and closed air- tight at

The other end
of the cylinder is made in the form of a eir-

cular casing 3, to the opposite sides of which

are bolted cover pl&hes 4. Journaled cen-
| trally in the cover-plates is the main shaft 5

which is cranked, as at 6, and journaled 011

said eranked perblon 18 one end of a piston-

rod 7, the other end of which is pivotally con-
T'o the other
piston 9 is rigidly attached one end of a pis-
ton-rod 10, the opposite end of which passes
through a sbu ffing-box 11, arran ged centrally
in the cylinder- hede 2.

Journaled in suitable bearings beneath the
cylinder is a shaft 12, on one end of which is

fixed a gear-wheel 13 and on the opposite end

a efa,mmwhee] 14, the gear-wheel 13 engaging
a gear-wheel 15 ot one-half its size leul on
the end of the main shafts. Also fixed on the
shaft 12 13 a fly-wheel 16, which may in prac-
tice be formed with or atmched to the gear-

{ wheel 15, and fitted eccentrically in the ly-

wheel is a wrist-pin 17,on which is journaled

one end ofawnneebmw rod 18. A correspond-
ing connecting-rod 19 Is in like manner con-
-nwted at one end to a wrist-pin 20, fixed in

the cam-wheel 14, and the other end:: of said
connecting-rods are attached to a cross- -beam
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- is making but one-half a stroke.
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21, ]ournaled in a head-block 22 on the free | bell-crank lever 36.

or outer end of the piston-rod 10. The head-
block is adjustably held in place on the pis-

ton-rod 10 by two nuts 23, threaded onto the

piston-rod on each side of the cross-head.
‘The piston 8 moves at double the speed of

the mbton 9, or, in other words, while the pis-

ton 8 is makmﬂ' one full stroke the piston 9

ratio of the diameters of the said gear-wheels

is as two 18 to one, whereby the pl%t‘OIIS cobper-
This will be

ate to drive the main shaft 5.
better understood by referring to the dia-
crams illustrated in Figs. 8 to 11, wherein
Fw 8 shows the posmon the pistons are in

aftel a charge of gas has been exploded and
exhausted fmd the suction=stroke is about to

take place to draw in a fresh charge of gas.

When in this position, the pistons, ag shown |

will nearly be in contact with each other.
The pistons will then both move in the same
direction or toward the left; but as the pis-
ton 8 moves twice as fast as "the piston 9 they

will be in position shown in Fig. 9 at the end

of the next cyele and during thm movement
will havedrawn in a charge ot oas. The pis-

tons next move in the oppomte direction, or

toward the right, and as the piston 8 moves

twice as det as the piston 9, as before ex-
plained, they will appmaeh each other until
they assume the position shown in Fig. 10,

during which movement the charge of gas 1S
compre%ed

~~ position, the charge is ignited, the explosion

35 |
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forcing the pistonsapartto the positionshown

in Fig. 11 This movement of the pistons con-

stitutes their effective stroke, and they then .

move toward each othertoexhaustthe burned

gases until they 1et111 n to the pomtlon bhowu- |

in Fig. 8.

The valve mechanism by means of whwh'

the described cycle of movements of the pis-

‘tons is obtained is constructed and arranged
as follows: Cast on one side of the cylinder
is a sleeve or collar 24, which communicates.

by means ot a reetanwulm port 25, formed In
the side of the cylmdet with the interior of
the latter.

tively provided with portb 28 and 29, the port

28 being for the admission of gas and the port
The oas is con-

29 bemg an exhaust-port.
veyed to the port 28 by a pipe 30, leading
from a suitable carbureter (not shown) or

- any other suitable source of supply. Ar-

Go

enrrafred_ by the free end of a OOIILSpOHdlI]‘-’T 1and 18 110’0 thele.fme desenbed or shown in

ranged within the sleeve 24 are two valves sl
and 32, which are adapted to respectively
seat dmm%t the ends of the tubes 26 and-
27 and “which are respectively provided with
stems 33 and 84, that extend through the ends
The end of the Va,lve stem 383
is engaged by the free end of a bell-crank le- |
ver 35 mld the end of the valve-stem 34 1s |

of the tubes.

Hence the |

When the pistons are in this |

The upper and lower ends of the
- sleeve 24 are interiorly threaded, and serewed
therein are two short tubes 26 and 27, which
are closed at their outer ends and are Iespec-'

are pivoted inter mediate their ends, as at 37,

Said bell _crank levers

and their free ends, or those ends in engage- - -

ment with the valve-stems, are made resili-

70

ent, whereby they bear on the valve-stems

w1t11 a ylelding pressure.

A coiled spring 38

is arranged between the headed outer: end of -

the Va,lve-stem 33 and the end of the tube 26

and acts to norma,lly hold the valve 31 closed
ag‘cbmcat its seat against the pressure of the
Journaled on the ends of the bell-crank

oas.
1@V61‘b 35 and 36 are friction-rollers 39 and 40,

which are respectively adapted to be enﬂ"afred
by segmental cams 41 and 42, formed on the

30
periphery of a wheel 43, ﬁ"{ed on the shaft 12.

As shown most ¢learly in Fig. 3 of the draw-

spondingly formed on the opposite sides of
the face of the wheel 43. As shown, each of

said cams extends one-quarter around the
circumference of the cam-wheel and are so

arranged that their adjacent ends would be

mterseeted by a straight line drawn trans-
versely acrossthe peuphmy of the cam-wheel.

“When both rollers 39 and 40 are in engage-
ment with the circular face or low portion A4 |
of the cam-wheel, the valves will be ¢losed,

4 the valve 31 being held R
to its seat by the coiled spring 38 and the

as shown in Fl

valve 32 being held to its seat by gravity.

‘ings, the bell-crank levers 35 and 36 are piv-
-oted so as to oscillate in different vertical
planeb, and the cams 41 and 42 are corre-

90

Let it now be assumed that the pl&tonb[:

have just discharged the burned gases result-
ing from a previous explosion and are in the
'.-,pomtwn shownin Fig.3.
valve mechanism WIH be in the position shown

._10_':' .

Then the parts of the o -

in Fig. 4. Asthe pistons commence to mov e

to assume the position shown in Ifig. 9, how-

“ever, the roller 39 will be engaged. by Lhe cam
41, and the valve 31 will be fm Ced down against.

105

the valve 32 by the bell-crank lever 39 and '

‘will be held thereagainst during one-quarter
‘revolution of the cam-wheel 4:3 or until the
“pistons are in the pOSHJlOIl shown in Iig. 9.
“While the valve 31 is in this position {md._

11C

while the pistons are assuming the position

shown in Fig. 9 the gas will be drawn through
the port 30, tube 26, and port 25 into the cyhn*
“der; but the 1nstdnt the plstons:. reach the posi-.
| tion shown in T Fig.9 the cam 41 passes from be-
neaththeroller 39 andthe spring 38 thereupon

lifts the valve 31 £0 its seat (md shuts off the

further admission of gas.
quarter- revolution of the cam-wheel 43, or
while the pistons are moving from the pomtlon_ IR
shown in Fig. 9 to that bhown in Kig. 10, the
rollers 39 a,nd 40 will be in enncwement, with
the low portwn of the eam- wheel and both
valves will be closed in the manner before de-
seribed, and hence the charge of gas in the -
cy1md<31 will be commebbed and will be in .

readiness for

~ignition. - The complessed
charge of gas is wmted by an igniter 45,

~ Puring the next

_11'5 -
20
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detail.
are In the position shown in Fig. 10, and the
explosion forces the pistons apart to the po-

‘sition shown in Fig. 11, during which move-

ment of the pistons the cam-wheel makes an-
other quarter of a revolution, with the rollers

89 and 40 still in engagement with the low
portion of the cam-wheel and the valves con-
sequently closed. When the pistons com-
mence to return to the position shown in Fig.
J, however, the cam 42 engages the roller 40,
whereby the valve 32 is lifted and forced
agalnst the valve 31 and is held in this posi--

tion for one-quarter of a revolution of the

cam-wheel, which corresponds to the length |
of the cam 42 and to the movement of the
pistons from the position shown in Fig. 11 to-

that shown in Fig. 9, and during such move-

ment of the pistons, therefore, the burned
gases will be discharged through the port 25, |
When the pis-
tons have returned to the position shown in
Fig. 8, the parts of the valve mechanism will-
return to the positions shown n - Fig. 4in
readiness forthe admission of a fresh charge |
of gas when the pistons commence theirnext

tube 27, and exhaust-port 29.

stroke in the manner before described. .

It will be noted that at the time the gas is
exploded, or when the pistons are in the po--
sition shown in Fig. 10, the connection be-
tween the connecting-rod 18, actuated by the

piston 9 and the gear-wheel 13, (the fly-wheel
16 and gear-wheel 13 being preferably formed
In one or connected together, as before ex-

Pplained,) is at the point where the movement
of the piston will exertits most effective force
on the gear-wheel, while the piston-rod 7 of
the piston 8 is on the dead-center: but as

soon as the piston 9 has moved the gear-

wheel 12 a very slight distance the piston-rod

7 will be thrown off the dead-center and the
piston 8 will then be thrust forward by the
explosive foree of the gas and will com muni-

cale 1ts movement to the crank-shaft 5. In
this mannerboth pistons will operate to trans-
it the energy developed by the explosion to
the work to be accomplished by the engine.

T'he momentum of the y-wheel 16 will oper-

ate to move the pistous through the eyele
of movements occurring between the explo-
sions; but such movements are further ef-

fected and the energy developed by the ex-

plosions is more uniformly distributed and

over a greater period of each cycle by closing
the end of the ¢ylinder by means of the head

2, thereby forming an air-tight chamber 16
(n rear of the piston 9. Hence when the two
pistons are thrust apart by the explosion of

the gas to the position shown in Fig. 11 the
alr in thechamber 406 will be compressed, and.

when the pistons on their next stroke move
to assume the position shown in Fig. 8 the
compressed airin the chamber 46 will ex pand
and exert its expansive foree in propelling
the piston 9 forward. | nan
piston & is positively driven by a propulsive
force in opposite directions. The air com-

The gas is ignited while the pistons |

In this manner the

preSsed by thekepi'S_jto_n;__;_-Q 18 further utilized as

| an auxiliary :prgob‘elliﬁ'g{agenr:y in the follow-
Ing manner: ... SR | |

- The numeral 47 indicates a ¢ylindrical

‘valve-casing formed on or attached to the

chamber end 46 of the cylinder and commu-
nicating with the interior of the latter by a
port 48. Rotatably arranced in said valve-

casing is a hollow cylindrical valve 49, com-
municating at one end with the port 48 and
provided in its side with a port 50. The

valve 49 is provided with a stem 51, which

‘projects through the outer end of the valve-
casing and is provided with a lever 52, by
means of which the valve may be turned.
The valve-casing is provided with three ports

93, 54, and 535, each of which is adapted to

register with the valve-port 90, the said ports
being formed at-angles of ninety degrees to
one another, as most clearly shown in Fig. 7

of the drawings. " =

- The numeral 56 indicates a tank which

communicates with the port 53 by a pipe 57,

70

75

30

go

In which is arranged a check-valve 53, and
also communiecates with the port 54 by a pipe
| 89, in which is arranged a hand -operated
| valve 60. Arranged to reciprocate in fixed
guides or bearings 61 and 62 is a rod 63, one
‘end of which is provided with a voller 64 and

95

the other end thereof is adapted to engage -

the valve-lever 52. - The roller 64 is held in

| constant engagement with a cam 14 by a

said cam being fixed on the

colled spring 66,

shaft 12. As shown most clearly in Figs. 6
| and 8 to 11, inclusive, approximately one-

half of the circumferenceof the camis formed
plain or circular,

\$-at 67, while the remain-

ing portion consistsof an are-shaped portion

68, having a radius of greater len gth than

| the portion 67 and terminating in a radially-

extending beveled projection 69. The valve-
lever 52 is held in engagement with the end
of the rod 63 by a coiled spring 70, one end

of which is attached to the valve-lever and

the other end to any suitable fixed support—
as the guide 61, for example. Pivoted latches
71 and 72 are arranged in such manner that
they operate to engage the end of the valve-
lever 52 and hold the latter and the valve 49

100

105

11O

(rg

fixed in certain positions, as will hereinafter

be explained. .

The arrangement of parts immediatel y
above described is such that when the PIs-
tons are in the position shown in Fig. 8 the

roller 64 will be in engagement with the in-
termediate portion 68 of the cam Lo, and

hence the rod 63 will move the valve 49 into

1 such position that the port 50 will lie inter-

mediate the ports 54 and 55 and there will

be no communication between the chamber
46 and the atimosphere. Asthe pIstons move
{ to the position shown in Tig. 9, however, to

draw in a charge of gas the piston 9 drawsin

& charge of air through an inlet hereinafter
described, and during the latter part of such
‘movewent the roller drops onto the low por-
ttion 67 of the cam and the spring 70 turns

120
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" shown in Fig. 10 the roller 64 continues in en-

_the valve so that the p01*13"50 registefs"Winh
the port 55 and puts the chamber 46 into
the |

communication with the atmosphere, and
piston 9 draws into said chamber a charge ot
air. As the pistons move to the position

- gagement with the low portion of the cam and

"~ 10

the valve remains in its deseribed position.

Hence the piston 9 expels the charge of air pre- |
viously drawnin. Asthe pistons assume the

position shown in Fig. 11, however, after the

~ explosion the roller 64 rides up on the high |
- portion 69 of the cam, and at the moment the

~ pistons commence to approach each other to

15

20

assume the position shown in Fig. 8 the valve
will be turned so as to throw the port 50 into

register with the port 54, thereby admitting
a charge of compressed air from the tank 56
into the chamber 46 behind the piston 9 and.
forcing the latter forward into the position |

shown in Fig. 8, and as the air is cut off from

said chamber as the pistons move to the po-

gition shown in Fig. 9 the charge of com-

; 30
33
- o

45

- 50

53

- exhaust.

pressed air will act by its expansive foree t0
move the piston 9 to the last-described posi-
tion. At theend of this movement of the pis-
tons the port 50 will be again thrown into
register with the port 55 to permit the air to
In practice the aid of the charge of
compressed airin the tank will only be needed
on certain oceasions when an increased load 1s

placed upon the engine—as,for exam ple,when

the vehicle is ascending a hill. Ordinarily

the valve-lever will be thrown by hand into

position to be held by the lateh 72, when the

port 50 will lie diametrically opposite the

port 54, and hence there will be no commu-
nication between the chamber 46 and the at-
mosphere. At such time the piston 9 will al-

ternately compress the air in the chamber 46

and permit it to expand in the manner and
for the purpose heretofore described.

To store up the compressed air in the tank

56, the valve 60 is first closed and the valve-

lever 52 then turned into position to be held
" by the lateh 71, when the port 50 will register
The piston 9 will then al-

with the port 53.
ternately operate to draw a charge of air into

the chamber 46 through a pipe 73, provided
with a check-valve 74, and expel the charge
through the pipe 57 into the tank. When
the air has been sufficiently charged into the |
~ reservoir, the valve-lever is again turned into
is.
held in this position until the stored body of
air is needed to aid in propelling the engine, |

position to be engaged by the latch 72 and

when the operator throws the valve-lever by

hand into the position shown by full lines in

' Fig. 6 and opens the valve 60, whereupon the

60

~in the manner before described. In practice
the valve 49 will be turned into position to
store up the compressed air when the vehicle

compressed air operates todrive the piston 9

is moving downgrade, and the compressed

~air will be admitted to the cylinder to actu-

ate the piston 9 as the vehicle moves on up-
ogrades. | |

~may be

it will of course be understood that it may

| While the engine has been described and
is especially designed for propelling vehicles, =

- - LIt 70
be used for various purposes and especially

where the load placed upon the engine is '

While we have shown a;_tidf described in thiS.'_ o
application an arrangement of multiple pis-
tons working at different speeds and a spe- -

cial valve mechanism for controlling the ad-
mission of the gasand exhaust ot the burned

oases, we make no claim thereto in the pres-

ent application, the same being shown and

{ deseribed merely becauseit is necessary to do
so to render clear the operation of the engine.
Having described our invention, what 18

claimed 18— B o
1. In a gas explosive-engine, the combina-

80

tion with a cylinder, of a piston arranged -

‘therein, said eylinder having a gas-explosion
chamber on oneside of the piston and an air-
compressing chamber on the other side there-. |

| of, an air-inlet communicating with the inte-
rior of the air-chamber, an outwardly-closing
check -valve in the air-inlet, an air -outlet

90

communicating with the atmosphere, a com-
pressed-air tank, means for alternately con-

veying the compressed air from the tank into

95

the air-chamber and exhausting it from the -
latter to actuate the piston, means for throw- =
ing the tank out of communication with the .
air-chamber, and means for closing the air-

outlet at will,the arrangement being such that

air may be alternately compressed and ex-
panded in the air-chamber to act as acushion
for the piston, may be compressed and stored

in the tank, or may be conveyed from the

tank and alternately admitted to and ex-

105

| hausted from the air-chamber to aid the gas

in actuating the piston, all at the will of the N

operator, substantially as described.

2. In a gas explosive-engine, the co mbina-

‘tion with a cylinder, of a piston arranged
therein, said cylinder having a gas-explosion -
‘chamber on one side of the piston and an air-
compressing chamber on the other side there-
of, an air-inlet communicating with theinte- -

‘rior of the air-chamber, an outwardly-closing
check-valve in said inlet, an air-outlet com-

(10

(s

municating with the atmosphere, -a com-

pressed-air tank, means for alternately con-

veying the compressed alr from the tankinto

the air-chamber and exhausting it therefrom

‘to actuate the piston, means for throwing the

120

tank out of communication with the air-cham-
ber, and means for opening and closing the -

air-outlet at will, the arrangement being such

that the air may be alternately drawn 1n and

'1:2.5

expelled from the air-chamber, may be alter-

nately compressed and expanded in sald
chamber to form a cushion for the piston, -
compressed and stored in the tank,

or may be conveyed from the tank and alter-
nately admitied to and exhausted from the
air-chamber to aid the gas in actuating the
piston, all at the will of the operator, sub-

| stantially as described.

130




Io

L5

20

25

30

35

40

45

Lk

661,300 . 3

5. In a gas explosive-engine, the combina-
tion with a cylinder, of a piston ar ‘anged
therein, said eylinder having a gas-explosion
chamber on oneside of the piston and an air-
compressing chamber on the other side there-
of, a compressed-air tank, a three-way-valve
casing having one port for conveying air com-
pressed In the air-chamber to the tank, an-
other port for conveying compressed air from
the tank to the air-chamber, and a third port
communicating with the atmosphere, a valve
arranged in said casing having a single port
communicating with the air-chamber, and
means for throwing said valve-port into com-
munication with either of the three ports in

the casing and for throwing it out of com-

inunication with all three of them, substan-
tially as described and for the purpose speci-
fied.

4. In a gas explosive-engine, the combina-
tion with a cylinder, of a piston arranged
therein, said eylinder having a gas-ex plosion
chamber on one side of the piston and an air-
compressing chamber on the other side there-
of, a compressed-air tank, a three-way-valve
casing having one port for conveying air com-
pressed in the air-chamber to the tank, an-
other port for conveying eompressed air from
the tank to the air-chamber, and a third port
communicating with the atmosphere, a valve
arranged in said casing having a single port
comimunicating with the air-chamber, means
for throwing said valve-port by hand into
communication with the port leading to the
tank or out of communication with all three
of said ports, and mechanism automatically
actuated by the engine for alternately throw-
ing the valve-port into communication with
the port leading from the tank and with the
port leading to the atmosphere, substantially
as described.

5. In a gas explosive-engine, the combina-

‘tion with a cylinder, of a piston arranged

therein, said cylinder having a gas-explosion
chamber on one side of the piston and an air-
compressing chamber on the other side there-
of, a compressed-air tank, a three-way-valve
casing having one port for conveying air com-

' pressed in the air-chamber to the tank, an-

other port for conveying compressed air from
the tank to the air-chamber, and a third port
leading to the atmosphere, a rotatable valve
arranged in the casing and having a single
port leading to the air-chamber, a lever on
the valve for turning said valve to throw its
port into register with any one of the three
ports in the valve-casing or out of register
with all of them, substantially as deseribed
and for the purpose specified. |

6. In a gas explosive-engine, the combina-
tion with a eylinder, of a piston arranged
therein, said cylinder having a gas-explosion
chamber on one side of the piston and an air-
compressing chamber on the other side there-
of, a compressed-air tank,a three-way-valve
casing having one port for conveying air com-

pressed in the air-chamber to the tank, an-

other port for conveying compressed air from
the tank to the air-chamber, and a third port
leading to the atmosphere, a rotatable valve
arranged in said casing and having a single
port communicating with the air-chamber
and also arranged to-register with either of
the ports in the casing or be thrown out of
register with all of them, a handle on the
valve, a reciprocating rod arranged to engage
sald handle to alternately throw the valve-
port into register with the port leading from
the tank and the port leading to the atmos-
phere, a cam arranged on the engine-shaft
for reciprocating the rod, a spring for hold-
ing the valve-lever in engagement with the
rod, and pivoted latches for holding the valve-
lever to maintain the valve-port in commu-
nication with the port leading to the tanik or
out of communication with all three ports,
substantially as deseribed. |

In testimony whereof we have hereunto set
our hands in presence of two subseribing wit-
nesses.

THOMAS M. ANTISELL.
FRANK L. ANTISELL.

Witnesses:
J. ARTHUR MCDERMOTT,
A, BARTLETT ANTISELL.,
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